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How to Cite:

The mercury is rising, and so is the loss of life among humans. The current and future seasons of Pakistan are not only a 

meteorological event, but a systemic failure that has been revealed. Today, the healthcare system lacks adequate resources 

and funds, and is in short supply, as the temperature regularly exceeds 49°C in cities such as Karachi and Peshawar, and this 

is the �nal line of defense in survival. This heatwave crisis needs more than a seasonal warning; it's a call for a swift and drastic 

restructuring of public health systems, ranging from the emergency ward to urban design [1].

The numbers put on a dark picture of an approaching collapse. In the past one season, thousands of patients with heatstroke 

have been reported and admitted at hospitals in Sindh and Punjab, which have been unable to cope with huge number of 

patients as they were overrun by the number of patients and lacked basic facilities for quick cooling [2]. A study on heat 

stroke in Karachi revealed that a total of over 6 thousand heat strokes had been reported, but this is a conservative estimate, 

given that only 5% of deaths are registered o�cially in the country [3]. No heat-related illness (HRI) ward or special cooling 

areas are available in KP, and up to 60 patients are brought to major public hospitals every day for heat-related illness, and 

critical patients are treated in general emergency bays. It is not because patients don't have resources; it's because patients 

don't prioritize them [4].

The effects of this lack of preparation are deadly, especially for the most vulnerable. Those who are elderly, children, 

pregnant women, and workers in the open �elds, who have no other way to make a living except under the hot sun, are 

severely affected [5]. Chronic power shortages (otherwise known as load-shedding) and acute water scarcity combine to 

make homes into furnaces and people into dehydrated individuals in the �ght for survival, with acute kidney injuries being just 

one of the many life-threatening illnesses that result. A new Amnesty International report revealed that the deaths of victims 

of heatwaves are often not recorded in o�cial statistics, meaning that they are not registered as heatstroke victims. One 

resident of Karachi reported that his 65-year-old father died after his body overheated during a power outage when he was 

not able to go to an overcrowded hospital [6].

So, what is the solution? It begins with acknowledging that this is not a natural disaster but a public health emergency that 

demands systemic change.

First, hospitals must be engineered to be heat-resilient. This is not limited to the provision of IV �uids and ORS. There should 

be dedicated heatstroke wards in all major public hospitals with A/C cooling centres and crash carts that have all the 

necessary intubation equipment for heatstroke. Water and electricity are two critical infrastructures in hospitals that are in 

short supply and must be taken as an emergency failure since cooling is crucial for hospitals to operate and maintain life-

saving systems. A recent advisory issued by the National Institutes of Health (NIH) for "dedicated heatstroke centres" is a 

positive move, but it needs to be followed by fast funding and implementation.

Second, frontline staff must be empowered with the right knowledge. Heat-related illness has long been a marginal problem 
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in the medical curriculum. A recent study of undergraduate medical programs in Pakistan identi�ed no dedicated courses on 

climate-health connections. Emergency physicians must learn to recognize and treat heatstroke in a proactive rather than a 

reactive manner. In Karachi, the "Heat Emergency Awareness and Treatment" (HEAT) intervention proved that a structured 

training program greatly enhanced the diagnosis rate and management practices. This blueprint needs to be scaled up 

nationally.

Third, prevention must start long before a patient reaches the emergency room. Effective public health measures involve 

creating early warning systems and conducting awareness-raising campaigns in the community to educate citizens about 

the signs and symptoms of heat exhaustion, including dizziness and confusion. The relief camps set up by the local 

administration in Sukkur, where ORS and chilled water were distributed, should be replicated in all cities. Moreover, long-

term resilience needs urban greening: planting trees and using re�ective surfaces to counteract the so-called “urban heat 

island” effect.

Pakistan is on the front lines of the climate change crisis, but its healthcare system is still in reactive mode. Heatwaves 

remained alarming during 2024 and 2025. Pakistan cannot afford to wait for another crisis to act. The decision is stark: invest 

in a health system built to withstand the climate crisis, or keep tallying preventable deaths. It's essential to the health of this 

country.
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Anemia in chronic kidney disease (CKD) contributes to morbidity, increased transfusion 

requirements, and cardiovascular risk, and is mainly caused by insu�cient erythropoietin (EPO) 

synthesis. Erythropoietin-stimulating agents (ESAs) are a crucial therapy for managing anemia 

associated with CKD. Before the introduction of ESAs, blood transfusions were primarily used to 

manage anemia in these patients. Epoetin-α was the �rst erythropoietin analog to be used 

clinically. Objective: To �nd the e�cacy of epoetin-α in increasing hemoglobin in chronic kidney 

disease patients. Methods: A cross-sectional study was conducted at Pakistan Air Force 

Hospital Mushaf, Sargodha, including 189 CKD patients. All patients received Epoetin-α at a dose 

of 4000 IU subcutaneously once weekly. Baseline complete blood count (CBC) was recorded 

before treatment, and a follow-up CBC was performed after one month. Data were collected 

through a questionnaire and analyzed using SPSS version 24.0. Results: The study included 189 

patients, of whom 121 were male and 68 were female. The mean age was 58.7 ± 14.39 years. The 

mean hemoglobin before Epoetin-α therapy was 7.5 ± 0.76 g/dL, which increased to 8.9 ± 1.28 

g/dL after one month. Erythropoietin was found effective in 82% of patients, while 18% showed 

an insu�cient response. Post-treatment chi-square analysis revealed statistically signi�cant 

associations for age, baseline hemoglobin, and duration of dialysis (p<0.001), whereas gender 

was not signi�cantly associated (p=0.202). Conclusions: Epoetin-α stands as a cornerstone in 

managing CKD-related anemia. Despite the e�cacy, optimal dosing strategies, long-term 

safety pro�les, and personalized treatment algorithms necessitate further research. 
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Chronic kidney disease (CKD) is the most common and 

prevailing health issue with an overall prevalence of 21.2% 

in all age groups in Pakistan and 24.2% in the high-risk 

population [1]. Anemia in CKD leads to further morbidity, 

transfusion requirement, and cardiovascular risks. It has a 

high incidence and prevalence, with a recent study in Japan 

suggesting a prevalence of 40.1% in stage 4 and 60.3% in 

stage 5 CKD [2]. The higher prevalence among CKD stage 3 

to 5 was also revealed in an Ethiopian study [3]. Human 

Erythropoietin (EPO), a hormone secreted by kidney, which 

is called a glycoprotein, under the in�uence of Hypoxia 

Inducible Transcription Factor (HIF), regulates the 

production of erythrocytes. Normochromic normocytic 

anemia in CKD is mainly due to insu�cient Erythropoietin 

(EPO) synthesis by the kidney as Glomerular Filtration Rate 

(GFR) falls and worsens with disease progression [4]. Iron 

and erythropoiesis-stimulating agents (ESAs) are a major 

form of treating anemia of chronic kidney disease and have 

been used for decades [4]. Treatment with erythropoietin 

analog was started in 1989, before which patients with 

symptomatic  anemia were managed with blood 

transfusions [5,  6].  Epoetin-α  was the 1st used 

erythropoietin analog, then darbepoetin was approved, 

and now other agents are being studied like Methoxy 



M E T H O D S

It was a cross-sectional study, carried out over a period of 6 

months, from 1st June 2023 to 1st Dec, 2023, after getting 

approval from the hospital IRB (MSF(H)/308/3/1/Trg) Dated 

February, 2022, at Pakistan Air Force Hospital Mushaf, 

Sargodha. It included patients who were already on HD or 

not on dialysis. The method of non-probability consecutive 

sampling was used to select patients. A sample size of 189 

patients was estimated using an e�cacy of 60% from a 

recent Thai study [7]. The sample size was taken by using 

WHO's sample size calculator, with 95% con�dence interval 

and total precision of 7. Inclusion criteria included age (20-

80 years of any gender), patients with estimated GFR of less 

than 30 (CKD stage IV and V), CKD patients on hemodialysis 

or renal support medications, and patients with serum 

ferritin above 100µg/L. Exclusion criteria were CKD 

patients not receiving epoetin, patients who fail to follow 

up, Patients who deny informed consent, and patients with 

uncontrolled diabetes and hypertension. Permission was 

taken from patients. Patients were asked about their 

hemodialysis status and duration, as well as any comorbid 

conditions. All participants underwent a newly collected 

CBC to determine their hemoglobin concentration. CBC 

was performed using a Kx-21 analyzer. Epoetin was started 

at 4000IU once a week, subcutaneously. Epoetin injection 

(Eritrogen 4000 IU) was received from the hospital medical 

store, where its temperature was maintained at 4°C. Before 

Polyethylene Glycol-Epoetin beta, Constant Erythropoiesis 

Receptor Activator, Prolyl Hydroxylase Inhibitors (HIF 

stabilizers), and others [4, 5]. Use of Erythropoietin 

analogs has a clear bene�t in patients with Hb< 10.0g/dL 

with a possible increase of hemoglobin around 1 g/dL after 

1st month of therapy [5]. A Thai study indicated the e�cacy 

of epoetin-alpha, with mean Hb increased from 7.39 g/dL to 

11.15g/dL [7]. Being under-responsive and over-responsive 

to EPO were de�ned as less than 1g/dL increase in 

hemoglobin level within 2 to 4 weeks and more than 1.0 g/dL 

during a 1- to 2-week period of treatment in an Iranian study 

[8]. Studies have been conducted worldwide on the 

management of anemia in CKD and have compared 

different agents. 

This study was aimed to �nd the e�cacy of epoetin-a in the 

management of anemia in CKD patients, as this is the only 

ESA currently being used in this setting and there is no 

previous e�cacy data on epoetin-a in CKD related anemia 

from this particular setup. However, our study has certain 

limitations regarding safety pro�le in the long run, and 

individualized treatment algorithms. We can't generalize 

the data from a single setup of PAF hospital Mushaf. There 

is also a selection bias due to non-probability consecutive 

sampling. One month follow up is not a su�cient time to 

evaluate long term adverse effects.

each administration, blood pressure was checked, and 

patients were observed for any anaphylactic reaction. Red 

�ag signs of thromboembolic events were explained to 

patients. Patients were asked for weekly follow-ups to 

con�rm proper dosage and administration of epoetin on an 

outpatient basis. All of the patients received the same dose 

of iron and vitamin C supplements. After 1 month, CBC was 

repeated, and e�cacy was labeled if Hb improved by ≥1g/dL 

at the end of 1st month, as was indicated in other studies, 

including a recent study from Iran [8].  

The data were collected by using a questionnaire and was 

analyzed by using SPSS version 24.0. Analysis included 

means and SD about quantitative data like age and 

hemoglobin, and frequencies for qualitative data like 

gender and e�cacy. Data collected were strati�ed for age, 

gender, pre-treatment Hb, and duration of dialysis. Post-

strati�cation chi-square was applied, and a p-value of < 

0.05 was considered signi�cant.
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Out of 189 patients, 121 patients were males i.e 64% and 68 

were females i.e 36%. Mean age of patients was 58.7 years 

(SD = 14.39; 95% CI: 56.6–60.8 years). Mean Hb before 

starting epoetin was 7.5g/dL with (SD = 0.76; 95% CI: 

7.39–7.61 g/dL). The mean hemoglobin level after 1 month of 

therapy was 8.9 g/dL (SD = 1.28; 95% CI: 8.72–9.08 g/dL). The 

mean change in Hb was 1.4g/dL (95% CI: 1.2–1.6, p<0.001). 

140 patients (74.1%) were on dialysis at the time of study, 

while the remaining 49 (25.9%) were not on hemodialysis. 

Out of 140 patients, who were on hemodialysis, 26 (17.8%) 

were having dialysis for less than a month, 77 patients 

(52.7%) for a duration between 1-6 months, 16 (11%) between 

6months to a year, and 27 (18.5%) patients were on dialysis 

for more than a year. The X-axis represents HD duration, 

and the y-axis the proportion of patients. It shows the %age 

of patients in each HD category (Figure 1).

Figure 1: Distribution of Patients by Hemodialysis Status

Out of a total of 189 patients, epoetin was found e�cacious 

(Hb improved greater than 1g/dL in 1 month) in 155 patients 

i.e 82% and was not e�cacious in 34 patients i.e 18%. It 

demonstrates the distribution of 189 patients on the y-axis 



across two x-axis categories, i.e., Hb increased and not 

increased (Figure 2).           

Table 1: E�cacy Analysis by Various Factors (Chi-Square Test)
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Figure 2: Epoetin E�cacy 

The data were strati�ed for age, gender, pre-treatment Hb, 

and time period of dialysis, and post strati�cation Chi 

square was used to compare e�cacy in different 

parameters. It revealed that in age groups, chi-square was 

statistically signi�cant for age with a p-value of <0.001. It 

reveals that at both extremes of ages epoetin has higher 

e�cacy. Epoetin-α was most effective in patients aged 

20–40 years (94.7%) and 61–80 years (92.0%), but lower 

e�cacy in the 41–60 years group (68.7%), p<0.001. For 

gender, chi square test was not signi�cant, and the p-value 

was 0.202. For hemoglobin before epoetin, chi square was 

signi�cant with a p-value of <0.001. Higher Hb was 

associated with better outcomes. There was no signi�cant 

association between dialysis and e�cacy, with a p-value of 

0.008. However, for the duration of dialysis, the p-value was 

<0.001, and the increased duration of dialysis had better 

results (Table 1).

Factors Category
Hb Didn't
Increase

>1g/dL
Total

p-
value

2X df
Hb

Increased
>1g/dL

20-40

41-60

61-80

Male

Female

6.00

6.40

6.50

7.00

7.80

18

57

80

96

59

0

5

8

51

11

1

26

7

25

9

10

0

0

14

0

19

83

87

121

68

10

5

8

65

11

Age
(Years)

Gender

Hb
Before

Epoetin
(g/dL)

<0.001

0.202

<0.001

17.91

1.71

>60

2

1

9

7.90

8.00

10

42

0

10

10

52

8.30 10 0 10

8.40

9.00

Yes

No

Less than
30 Days

1 to 6 Months

6 Months to
One Year

More than
One Year

5

13

121

34

9

71

0

0

19

15

17

6

5

13

140

49

26

77

Either
on Dialysis

or not

Duration of
Dialysis 16 0 16

27 0 27

0.008

<0.001

7.14

80

1

3

Chronic Kidney Disease (CKD) shows a very important world 

health burden, in�uencing millions of people globally. A 

meta- analysis from South Asia revealed that in South Asia, 

1 in 7 adults had CKD. It further elaborated that the pooled 

prevalence of chronic kidney disease (CKD) in the general 

population was estimated at 14% (95% CI: 11–18%), with 

prevalence rates of 15% (95% CI: 11–20%) among adult 

males and 13% (95% CI: 10–17%) among adult females. 

Among high-risk groups, the prevalence of CKD was 27% 

(95% CI: 20–35%) in adults with hypertension, 31% (95% CI: 

22–41%) in those with diabetes, and 14% (95% CI: 10–19%) in 

individuals who were overweight or obese. The prevalence 

of CKD of unknown origin in endemic regions was reported 

as 8% (95% CI: 3–16%) [9]. CKD might be associated with a 

lot of functional disabilities [10]. Among the myriads of 

complications associated with CKD, anemia is one of the 

major prevalent and clinically established impacts. 

Determinants of anemia in CKD are multifaceted [11]. A 

study in Ethiopia revealed overall prevalence of anemia was 

85.33%. Among these patients, 28.67% had mild anemia, 

40.67% had moderate anemia, and 16% had severe anemia. 

Stage 4 CKD, stage 5 CKD, and CKD duration of less than 

one year were signi�cantly associated with anemia. Study 

indicated that the prevalence of anemia among patients 

with stage 3 to 5 CKD was notably high, and that anemia was 

signi�cantly associated with both the severity and duration 

of CKD [3]. A systematic analysis of patients in Sub-

Saharan countries revealed that more than half of the CKD 

patients had anemia [12]. The anemia found in CKD stems 

primarily from the impaired formation of erythropoietin by 

dysfunctional kidneys, leading to decreased red blood cell 

production and subsequent tissue hypoxia. ESAs like 

epoetin  a lpha and darbepoetin  are  used in  the 

management of anemia in CKD [13]. A study in Thai patients 

revealed that Hb level increased in all enrolled patients, and 

60% of patients achieved target or more than target Hb 

after completion of the drug [7]. The study's �ndings 

underscore the remarkable e�cacy of epoetin alpha in 

ameliorating anemia among CKD patients. Mean levels of 

hemoglobin signi�cantly increased from 7.39g/dL before 

therapy to 11.5 g/dL after one month of treatment, 

D I S C U S S I O N



highlighting the robust erythropoietic response elicited by 

e p o et i n  a l p h a .  A  re c e n t  s t u d y  i n  p at i e n t s  w i t h 

myelodysplastic syndrome revealed an increase in Hb in 

41.1% of patients using epoetin alpha [14]. For this study, 

epoetin was administered via the subcutaneous route; the 

study employed the SC route of administration due to the 

multiple advantages of the SC route over the IV route, 

notably a lower overall dose to get a similar target Hb level 

as well as the levels of hematocrit and a less frequent 

dosing frequency [15]. All  ESAs need parenteral 

administration [16]. However, parenteral administration 

might be inconvenient for patients, which has led to novel 

oral therapies [17]. Other than this, a lot of anemic patients 

are refractor y to er ythropoietin  effects due to 

in�ammation, deranged iron utilization, and generation of 

EPO antibodies [18]. Beyond the overall e�cacy of epoetin 

alpha therapy, our study elucidated several key factors 

in�uencing treatment outcomes in CKD-related anemia. 

Age emerged as a signi�cant determinant of treatment 

response, with both younger and older patients 

demonstrating higher rates of e�cacy compared to 

middle-aged individuals, while gender was not found as 

determinant of treatment response. Further exploration 

into age-speci�c treatment algorithms and considerations 

is warranted to optimize therapeutic outcomes and tailor 

interventions to individual patient needs. Contrary to age, 

gender did not emerge as an important predictor of 

treatment e�cacy in the study population. Both male and 

female patients exhibited comparable response rates to 

epoetin alpha therapy, suggesting that gender may not 

exert a substantial in�uence on the erythropoietic 

response to treatment in CKD-related anemia. The 

underlying mechanisms driving the differences in age and 

gender-based response remain incompletely understood 

and warrant further investigation. Baseline hemoglobin 

levels emerged as a strong predictor of treatment 

response, with patients presenting higher baseline 

hemoglobin levels demonstrating more robust responses 

to epoetin alpha therapy. This �nding underscores the 

signi�cance of pre-detection and treatment in managing 

CKD-related anemia to prevent disease progression and 

optimize treatment outcomes. Moreover, the time period 

of dialysis emerged as a critical determinant of treatment 

e�cacy, with longer durations of dialysis correlating with 

improved response rates to epoetin alpha therapy. This 

highlights the dynamic nature of CKD-related anemia and 

the need for tailored treatment strategies that account for 

disease progression and evolving clinical needs over time. 

E p o et i n  a l p h a  re p re s e n t s  a  co r n e rs to n e  i n  t h e 

management of CKD-related anemia, offering a safe and 

effective therapeutic option for restoring hemoglobin 

levels and improving clinical outcomes in affected 

individuals. However, optimizing treatment outcomes 

requires a comprehensive understanding of the complex 

interplay between patient demographics, disease 

characteristics, and treatment modalities. Treatment with 

ESAs with a near-normal hemoglobin range can lead to 

increased risk of certain cardiovascular events, stroke, 

vascular access thrombosis, and death [19, 20]. Further 

research is warranted on the side effects of ESAs. 

There were some shortcomings in our study. The current 

cross-sectional study design cannot establish the 

casuality. The dose of epoetin-a should be adjusted to the 

individual patient needs. There was no evaluation of 

erythropoietin resistance variables, such as in�ammation 

and malnutrition. An extended multi center randomized 

controlled trial must be conducted with an extended follow 

up period of 6 to 12 months for comparison between 

epoetin-a and newer agents as darbapoetin and HIF 

stabilizers. The study must also incorporate assessment of 

iron studies, in�ammatory biomarkers, and malnutrition to 

identify predictors of erythropoietin resistance and to 

develop evidence-based, individualized dosing algorithms 

speci�cally for Pakistani CKD population.

The �ndings of current study underscored the signi�cant 

e�cacy of epoetin-alpha in ameliorating anemia. Our study 

identi�ed several key factors in�uencing treatment 

outcomes in CKD-related anemia, including age, gender, 

baseline hemoglobin levels, and the duration of dialysis. 

Age, baseline hemoglobin, and duration of dialysis had a 

signi�cant impact on the increase in hemoglobin after 

erythropoietin in our study.
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Hypoxic ischemic encephalopathy (HIE) is a major cause of neonatal mortality and neurological 

disability. Hypoxia leads to multisystem involvement, causing electrolyte disturbances such as 

hyponatremia, hyperkalemia, and hypocalcemia, causing adverse clinical outcomes. Most 

studies assess these abnormalities after 24 hours of life. Detection within the �rst 12 hours may 

help reduce complications and long-term disability. Objectives: To compare serum sodium, 

potassium, and calcium levels in full-term healthy neonates versus those with HIE. Methods: 

This cross-sectional study was conducted at King Edward Medical University from June 2025 to 

November 2025 (IRB letter no. 512/RC/KEMU). Patients presenting to Mayo hospital over six 

months period were evaluated to determine the frequency of hypoxic-ischemic 

encephalopathy (HIE). After taking informed consent, 228 eligible subjects were identi�ed, 

comprising 114 HIE and 114 non-HIE patients. Serum sodium, calcium, and potassium levels were 

measured within the �rst 12 hours of life and were compared between the two groups. Data were 

analyzed using SPSS version 27.0, and an independent t-test and Chi-square test were applied 

with a p-value <0.050. Results: The frequency of neonates diagnosed with HIE was 9.7%. 

Hyponatremia (32.3%), hyperkalemia (22.8%), and hypocalcemia (8.8%) were signi�cantly more 

common in neonates with HIE. These differences were statistically signi�cant (p<0.001). 

Conclusions: Compared to healthy neonates, neonates with HIE demonstrated signi�cantly 

higher rates of electrolyte abnormalities. Identi�cation of these electrolyte abnormalities is 

crucial, as timely detection and correction can play an important role in preventing further 

neurological damage, thereby enhancing clinical outcomes in affected neonates.
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Hypoxic Ischemic Encephalopathy is a leading cause of 

neonatal mortality, morbidity, and neonatal brain injury 

d e s p i t e  a d v a n c e m e n t s  i n  n e o n a t a l  m e d i c i n e . 

Approximately 17% of infants with HIE die in the neonatal 

period, and 25% of survivors face permanent cerebral 

palsy, decreased IQ, cognitive impairment, and other 

developmental abnormalities. The frequency of HIE ranges 

from 0.5 to 2% of live births [1, 2]. A study conducted in 

Pakistan reported the neonatal mortality rate of 64% 

following perinatal asphyxia (roughly 80,000 deaths/year) 

[2]. Hypoxic ischemic encephalopathy is an antepartum or 

intrapartum fetal insult causing various adverse 

biochemical and functional changes in the body [3]. Birth 

asphyxia is the most common preventable cause of 

neonatal central nervous system injury [4]. The American 

College of Obstetricians and the American Academy of 

Pediatrics recommend HIE diagnosis to include the 

occurrence of a sentinel event immediately before or 

during labor, low Apgar scores, and evidence of fetal 

acidosis, signs of multi-organ injury affecting the heart, 

liver, or kidneys, and MRI �ndings consistent with acute 

intrapartum or peripartum asphyxia [3, 5]. The serum 

electrolyte levels play a pivotal role in the outcome of 

neonates with hypoxia [6]. Deviation of electrolytes from 

the normal levels can lead to shock, convulsions, and other 

types of metabolic abnormalities [7]. HIE can cause 

dilutional hyponatremia by causing increased secretion of 

antidiuretic hormone. Hyponatremia in HIE could also be 



M E T H O D S

This comparative cross-sectional study was carried out at 
Mayo Hospital, Lahore, with approval from the Institutional 
Review Board (IRB letter reference no. 512/RC/KEMU 
Dated: 28th June, 2025 and CPSP no: CPSP/REU/PED-
2022-066-7108 Dated 13th April, 2025). During June 2025 to 
November 2025, all neonates were assessed to determine 
the frequency of hypoxic-ischemic encephalopathy (HIE), 
diagnosed based on history and examination. After 
completing the inclusion criteria and taking informed 
consent from parents, a total of 228 full-term neonates 
(≥37 weeks of gestation) were enrolled using non-

the result of elevated sodium excretion via collecting 

tubules [8, 9]. Hyperkalemia may occur in HIE due to 

increased pH of the extracellular environment that brings 

more potassium out. Acute kidney injury, seen in HIE, also 

results in hyperkalemia [10, 11]. Hypocalcemia is also 

observed in HIE, probably due to decreased effect of 

parathyroid hormone under the in�uence of hypoxia [1]. 

Early detection and immediate correction of biochemical 

derangements in birth asphyxia can prevent the 

complications and lifelong disabilities associated with it 

[12-14]. Although several studies elaborate on the 

underlying physiological association between electrolyte 

imbalance and hypoxic tissue damage, most of the studies 

determine electrolyte levels at 24h of life or later. 

Hyponatremia was found to be signi�cant in all stages of 

birth asphyxia, hyperkalemia was associated with 

i n c r e a s e d  s eve r i t y  o f  b i r t h  a s p h y x i a ,  w h e r e a s 

hypocalcemia was not found to be related to birth hypoxia 

[8]. The frequency of hypoxic ischemic encephalopathy in 

the developing world is at an alarmingly high level of 10% 

[15]. Early detection and immediate correction of 

biochemical derangements in newborns with hypoxic 

ischemic encephalopathy can prevent lifelong disabilities 

related to birth asphyxia that may occur due to injury to vital 

organs, particularly the brain. 

There is no multicenter data available on electrolyte 

disturbances in HIE in Pakistan, and most research is the 

experience of a single center. None of the longitudinal 

studies have evaluated the bene�ts of timely electrolyte 

c o r r e c t i o n  w i t h i n  1 2  h o u r s  o f  b i r t h  o n  t h e 

neurodevelopmental outcome in the long run. The Mayo 

Hospital, Lahore, has a single-center design, which limits 

the generalizability throughout Pakistan. The cross-

sectional design does not allow a causal or temporal 

correlation of HIE and electrolyte disturbances. Therefore, 

this study is needed to �nd abnormalities of serum 

electrolytes in hypoxic neonates within the �rst 12 hours of 

life. This study aims to compare serum sodium, potassium, 

and calcium levels in healthy neonates and neonates with 

HIE.

probability consecutive sampling, including 114 with HIE 
and 114 healthy controls. The sample size was calculated 
using the single population proportion formula using 95% 
con�dence interval, 5% margin of error, and an expected 
percentage of HIE as 10% [15]. Inclusion criteria comprised 
of full-term neonates admitted within 12 hours of birth and 
diagnosed with HIE based on history (e.g., delayed cry, 
meconium-stained liquor), APGAR score of less than 7 at 5 
minutes, and Sarnat staging. Syndromic babies, infants of 
diabetic mothers, and infants born to mothers on 
antiepileptics or antihypertensives were excluded from the 
study. Serum sodium, serum potassium, and serum 
calcium levels were measured within the �rst 12 hours of 
life. 3 ml venous blood was collected under aseptic 
conditions for serum sodium, potassium, and calcium 
estimation using a standard autoanalyzer. The normal 
reference ranges were de�ned according to standard 
laboratory reference intervals (CLSI guidelines) and 
Nelson's textbook as follows: serum sodium 135–145 
mEq/L, serum potassium 3.5–5.0 mEq/L, and total serum 
calcium 8.0–10.5 mg/dL. 
SPSS version 27 was used. Quantitative variables were 
expressed as mean ± standard deviation. Chi-square test 
and independent sample t-test were used with a p-value 
<0.050 as statistically signi�cant.
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During the study period, the frequency of HIE among full-

term neonates was 9.7%, with approximately 56% of cases 

being male and 44% female. The majority of neonates with 

HIE had evidence of fetal distress, as indicated by 

documented fetal distress during labor. In the HIE group, 

the mean age of gestation was 39.1 ± 1.0 weeks, with a range 

of 37.0 to 41.2 weeks. In the non-HIE group, the mean age of 

gestation was 39.0 ± 1.0 weeks, with a range of 37.0 to 41.0 

weeks, indicating comparable gestational ages between 

the groups. Additionally, mean birth weight and mode of 

delivery were similar between the two groups. The 

comparison of mean serum electrolyte levels between 

patients with and without HIE is presented (Table 1).
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Table 1: Comparison of Mean Serum Electrolytes Between HIE 

and Healthy Neonates (Group Statistics)

Electrolytes SD Error
Mean

Mean ± SD
Number of

Subjects (n)
HIE Status
(Yes/No)

0.353

0.501

0.0347

0.0711

0.0513

0.0921

139.81 ± 3.772

135.25 ± 5.347

4.042 ± 0.3703

4.511 ± 0.7596

8.894 ± 0.5481

8.321 ± 0.9835

114

114

114

114

114

114

No

Yes

No

Yes

No

Yes

Sodium (Na)

Potassium (K)

Calcium (Ca)

An independent sample T test was performed to look for a 

statistically signi�cant difference between the electrolyte 

levels of HIE and non-HIE groups (Table 2).
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Figure 1: Comparison of Serum Sodium Levels Between Healthy 

and HIE Neonates

Table 2: Independent Samples t-Test Comparing Serum 

Electrolytes Between HIE and Non-HIE Groups

Parameters
95% CI 

of Difference
Mean

Difference
p-

valuet df

3.353 to 5.770

-0.624 to -0.312

0.364 to 0.780

7.442

-5.918

5.432

Na

K

Ca

203.13

163.84

177.01

<0.001

<0.001

<0.001

4.561

-0.468

0.572

Among the 228 neonates studied, sodium levels showed a 

clear difference between those with and without hypoxic-

ischemic encephalopathy (HIE). 92.1% of the healthy 

neonates had normal sodium levels, in comparison, only 

64.9% of HIE neonates were within normal range. 

Hyponatremia was more frequent in HIE subjects, whereas 

hypernatremia was less frequent and similar in both groups 

(~3%) (Table 3).

Table 3: Distribution of Serum Sodium Levels in HIE and Non-HIE 

patients

HIE Status Low (%) High (%) p-value
Sodium within

Normal Range (%)

No

Yes

Total

92.1

64.9

78.5

4.4

32.3

18.9

3.5

1.8

2.6

<0.001

Among HIE neonates, 88.3% had normal serum calcium, 

while 8.8% showed hypocalcemia, and only 2.6% had 

hypercalcemia. In contrast, almost all healthy neonates 

had normal calcium levels, with only 0.9% showing low 

calcium. Calcium abnormalities were more frequent in the 

HIE group (p=0.001), indicating an association between HIE 

and calcium imbalance, particularly hypocalcemia. In 

addition, only 65.8% HIE neonates had normal potassium 

levels, while 11.4% had hypokalemia and 22.8% had 

hyperkalemia. In comparison, 95.6% of healthy neonates 

had potassium levels within the normal range, and only 1.8% 

having low and 2.6% having high Potassium levels. Overall, 

potassium abnormalities, especially hyperkalemia, were 

signi�cantly more common in HIE neonates than in 

controls (p<0.001), indicating a strong association between 

HIE and potassium derangements (Table 4).

Table 4: Distribution of Serum Calcium Levels and Serum 

Potassium Levels in HIE and Non-HIE Patients

HIE Status Low (%) High (%) p-value
Within Normal

Range (%)

No

Yes

Total

<0.001

No

Yes

Total

0.001

99.1%

88.6%

93.9%

95.6%

65.8%

80.7%

0.9%

8.8%

4.8%

1.8%

11.4%

6.6%

0.0%

2.6%

1.3%

2.6%

22.8%

12.7%

Calcium 

Potassium

Electrolyte disturbances were signi�cantly more common 

in HIE neonates: hyponatremia (33.1% vs 3.8%), 

hyperkalemia (20.8% vs 2.3%), and hypocalcemia (8.5% vs 

0.8%), all p<0.001. The study compares the distribution of 

serum sodium levels between healthy neonates and those 

with hypoxic-ischemic encephalopathy (HIE) (Figure 1).

The results compare the distribution of serum calcium 

levels between healthy neonates and those with hypoxic-

ischemic encephalopathy (HIE) (Figure 2).

Figure 2: Comparison of Serum Calcium Levels Between Healthy 

and HIE Neonates

The results compare the distribution of serum potassium 

levels between healthy neonates and those with hypoxic-

ischemic encephalopathy (HIE) (Figure 3).

Figure 3: Comparison of Serum Potassium Levels Between 

Healthy and HIE Neonates



Hypoxic Ischemic Encephalopathy remains a major cause 

of neonatal morbidity and mortality, especially in 

developing countries where the prevalence may reach up 

to 10% of live births [16]. This study aimed to �nd the 

frequency of neonates presenting at Mayo Hospital who are 

affected with HIE and to compare serum electrolyte levels, 

speci�cally sodium, potassium, and calcium, between full-

term healthy neonates and those diagnosed with HIE. The 

�ndings highlight that 9.7% of the neonates had HIE, with 

signi�cant electrolyte disturbances observed among the 

asphyxiated neonates. Study shows that the degree of 

hyponatremia,  hyperkalemia,  and hypocalcemia 

progressively worsened with increasing severity of HIE at 

baseline and subsequently [17]. In moderate to severe HIE, 

the most commonly mildly affected organ systems were 

the respiratory system, acid–base and electrolyte balance 

on the �rst day, and the cardiovascular system on the 

second day [18]. Neonates with HIE showed a signi�cantly 

higher frequency of electrolyte disturbances, especially 

hyponatremia, hyperkalemia, and hypocalcemia. 

Hyponatremia was more frequently observed in neonates 

with HIE compared to healthy controls. This disturbance is 

likely multifactorial and may be a result of increased 

secretion of antidiuretic hormone in response to hypoxia, 

causing water retention and dilutional hyponatremia [6, 9]. 

Additionally, hypoxic damage causes renal tubular 

dysfunction that impairs sodium reabsorption, which 

results in increased urinary sodium loss despite low serum 

levels. These �ndings are similar to the study by Bhat et al. 

and Segar et al. which report hyponatremia to be a 

signi�cant biochemical derangement in all stages of HIE, 

and it is closely linked to the severity of hypoxia and risk of 

seizures [8, 9]. Hyperkalemia was noted in neonates with 

moderate to severe HIE. The pathophysiology involves 

impaired renal excretion due to acute kidney injury and 

hypoxia-induced acidosis, leading to extracellular shifts of 

potassium [10, 11]. Jha et al. reported a strong association 

between hyperkalemia and asphyxia severity, suggesting 

its potential use as a severity marker [11]. These �ndings 

were further supported by Rajesh et al. who found that 

perinatal asphyxia signi�cantly contributes to potassium 

elevation by renal compromise [10]. The correlation 

between hyperkalemia and the severity of asphyxia 

governs cardiac monitoring and timely intervention. 

Hypocalcemia was observed in the HIE group, which was 

less signi�cantly correlated with severity compared to 

other electrolyte disturbances. This may be due to low 

parathyroid hormone responsiveness under hypoxic stress 

[1, 12]. Studies by Injeti et al. and Pyati et al. support this 

hypothesis, though the clinical signi�cance of early 

hypocalcemia remains controversial [1, 12]. While some 

studies show associations with poor feeding and 

hypotonia, other studies, such as Bhat et al. found no 

statistically signi�cant association between hypocalcemia 

and birth asphyxia severity [8]. The electrolyte imbalances, 

such as hyponatremia, hyperkalemia, and hypocalcemia, 

re�ect the systemic effects of perinatal hypoxia. These 

abnormalities demonstrate underlying pathophysiological 

processes affecting neurologic, endocrine, and renal 

systems. Acharya et al. emphasize that early identi�cation 

and correction of these imbalances can enhance short-

term clinical outcomes and lower the risk of long-term 

neurological complications, including cerebral palsy and 

developmental delay [7]. In a study conducted in 2019, 59 

out of 75 newborns having HIE (78.7%) exhibited electrolyte 

abnormalities, including hyponatremia, hyperkalemia, 

hypocalcemia, or combinations of these disorders. The 

�ndings showed that electrolyte disturbances worsened 

with increasing severity of HIE [8]. A recent study by Nasrin 

et al. demonstrated similar electrolyte derangements [19]. 

Another study demonstrated similar electrolyte 

disturbances, which were independently associated with 

l o w  A p g a r  s c o r e s ,  s e v e r e  h y p o x i c - i s c h e m i c 

encephalopathy, convulsions, dehydration, need for 

resuscitation at birth, low birth weight, and prolonged 

intravenous �uid therapy [20]. Furthermore, this study 

highlights the importance of assessing electrolytes within 

the �rst 12 hours of life. Unlike many previous studies that 

assessed electrolyte levels after 24 hours, early 

biochemical testing allows for timely medical intervention, 

potentially avoiding many complications. The clinical 

importance of such early testing supports existing 

literature supporting early evaluation and stabilization in 

birth asphyxia management protocols [13, 14].

A limitation of this study is that the potential confounders, 

such as duration of birth asphyxia and early �uid or 

electrolyte management, were not controlled, which may 

have in�uenced the observed electrolyte abnormalities, 

although HIE severity was limited to moderate and severe 

cases. Prospective cohort studies based on multicenter 

studies across tertiary hospitals in Pakistan are required in 

order to determine the national HIE prevalence and 

electrolyte patterns. The need to evaluate whether early 

e l e c t r o l y t e  c o r r e c t i o n  p o s i t i v e l y  a f f e c t s 

neurodevelopmental outcomes should be done through 

longitudinal follow-up (12-24 months).

Neonates with HIE exhibited signi�cantly more frequent 

electrolyte disturbances, particularly hyponatremia 

(32.3%), hyperkalemia (22.8%), and hypocalcemia (8.8%), 

compared with healthy neonates (p<0.001). These �ndings 

highlight the strong association between HIE and 

electrolyte imbalance. Early detection and correction of 

C O N C L U S I O N S
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Acute bronchiolitis is a leading cause of hospitalization in infants and is managed mainly with 

supportive care. Nebulized 3% hypertonic saline (HS) has been used in some settings, but 

evidence from routine-care practice remains variable. Objectives: To compare short-term 

clinical outcomes of nebulized 3% hypertonic saline versus 0.9% normal saline administered as 

routine care in infants hospitalized with acute bronchiolitis at Mardan Medical Complex. 

Methods: This was a prospective quasi-experimental comparative cohort study to compare the 

outcomes between infants receiving 3% hypertonic saline and those receiving 0.9% normal 

saline. Participants were actively followed for up to 72 hours to assess clinical response, with 

treatment allocation based on routine clinical decisions made by the treating pediatrician. 

E�cacy was prede�ned as a ≥2-point reduction in the Respiratory Distress Assessment 

Instrument (RDAI) score within 72 hours or discharge without supplemental oxygen. Results: 

Treatment response occurred in 27/30 (90%) in the 3% HS group versus 15/30 (50%) in the 0.9% 

NS group (p<0.001). Mean oxygen-therapy duration was shorter (17.3 ± 4.2 vs 26.8 ± 5.6 hours; 

p<0.001), and hospital stay was shorter (2.6 ± 0.8 vs 3.5 ± 1.0 days; p<0.001) in the 3% HS group. 

Conclusions: In this routine-care setting, nebulized 3% hypertonic saline was associated with a 

higher treatment-response rate and shorter oxygen-therapy duration and hospital stay than 

0.9% normal saline.
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Bronchiolitis is a common lower respiratory tract infection 

in infants and young children [1]. Most infants with 

bronchiolitis recover without complications, although 

neonates might develop respirator y fai lure [2]. 

Management of bronchiolitis is primarily supportive, 

focusing on hydration, oxygen supplementation when 

indicated, and feeding support [3]. Respiratory syncytial 

virus (RSV) is the most common etiologic agent of 

bronchiolitis. Although RSV can infect individuals across 

the lifespan, bronchiolitis occurs primarily in infants and 

tends to be most severe in younger infants [4]. 

Symptomatic treatment is the key approach in managing 

bronchiolitis in infants [5]. It is important to thoroughly 

evaluate the hydration status, respiratory distress, and 

presence of hypoxia in all babies and children diagnosed 

with bronchiolitis [6, 7]. Supportive care, which involves 

maintaining su�cient oxygen exchange, hydration intake, 

and eating, is the established therapy for acute 



M E T H O D S

This was a prospective quasi-experimental comparative 
cohort study conducted under routine clinical care at the 
Department of Pediatrics, Mardan Medical Complex, from 
April to September 2024. Ethical approval was obtained 
f r o m  t h e  B K M C  E t h i c a l  R ev i ew  B o a rd  ( R e f  N o . 
BKMC/473/2024-03; Dated 29th  March, 2024 ), and written 
informed consent was obtained from parents or guardians 
before enrollment. Treatment allocation was based on 
routine clinical decisions made by the treating pediatrician, 

bronchiolitis [8].  Evidence for adjunct pharmacologic 

therapies remains limited and inconsistent. Given that 

airway in�ammation and mucus plugging contribute to 

bronchiolitis symptoms, therapies that may improve 

airway hydration and secretion clearance have been 

explored as adjuncts to supportive care. Due to its viral 

et iology,  pharmacological  treatments have not 

consistently demonstrated clear clinical bene�t in the 

routine management of acute bronchiolitis. Nebulized 3% 

hypertonic saline may help reduce wheezing and 

respiratory distress in some infants with bronchiolitis [9]. 

Several studies have evaluated nebulized hypertonic saline 

as an adjunct to supportive care in bronchiolitis, with mixed 

�ndings across settings. Hypertonic saline has been 

studied as a potential adjunct therapy in bronchiolitis, with 

some studies reporting improvements in clinical severity 

scores and length of hospital stay; however, �ndings 

across studies and settings remain variable [10]. A study 

reported higher clinical improvement rates among infants 

receiving nebulized hypertonic saline than among those 

receiving normal saline in their study population [11]. 

It is common practice in many centers to administer 

inhalation therapy using salbutamol diluted in 0.9% normal 

saline for hospitalized children with acute bronchiolitis. 

However, evidence from routine-care tertiary settings in 

Pakistan, particularly regarding the use of hypertonic 

saline without bronchodilators, remains limited. In this 

prospective quasi-experimental comparative cohort study 

conducted under routine clinical care, we compared 

nebulized 3% hypertonic saline with 0.9% normal saline, 

without bronchodilators, in infants admitted with acute 

bronchiolitis. Treatment allocation was based on the 

pediatrician's clinical judgment, and participants were 

actively followed for 72 hours to assess clinical response. 

The study hypothesized that nebulized 3% hypertonic 

saline (without bronchodilators) would be associated with 

greater improvement in RDAI scores and a shorter hospital 

stay than 0.9% normal saline. Therefore, this study aimed 

to compare short-term clinical outcomes between infants 

receiving nebulized 3% hypertonic saline and those 

receiving 0.9% normal saline under routine care at Mardan 

Medical Complex.

and participants were actively followed for 72 hours to 
assess clinical response. The study assessed differences 
in outcomes between infants with acute bronchiolitis who 
received 3% hypertonic saline nebulization and those who 
received 0.9% normal saline nebulization as part of routine 
clinical management. Sample size was calculated using the 
WHO Sample Size Calculator (version 2.0) at a 95% 
con�dence level (α=0.05, power=80%), assuming a 
difference in clinical response rates reported in prior 
studies comparing hypertonic saline and normal saline 
nebulization in infants with bronchiolitis [11]. Based on this, 
60 infants were included, with 30 in the hypertonic saline 
group (Group A) and 30 in the normal saline group (Group B), 
using a consecutive sampling design. Infants of both 
genders aged 1 month to 2 years with a diagnosis of 
bronchiolitis of ≤48 hours' duration were enrolled. 
Bronchiolitis was de�ned as presentation with a persistent 
dr y cough and noisy breathing (wheezing) with a 
Respiratory Distress Assessment Instrument (RDAI) score 
between 4 and 15 on a scale with a total possible range of 
0–17. The RDAI scores wheeze (expiration, inspiration, and 
location) and chest retractions (supraclavicular, 
intercostal, and subcostal) on an ordinal scale, with higher 
scores indicating more severe respiratory distress. RDAI 
scoring followed standard published criteria. Infants 
suffering from congenital or acquired cardiac disease, 
chronic respiratory conditions, or progressive respiratory 
distress necessitating respiratory assistance beyond 
supplemental oxygen, as well as those with preterm birth 
(gestational age <37 weeks) or a history of neonatal 
mechanical ventilation, were excluded. Treatment 
response (operationally de�ned for this study) was 
prede�ned as either (i) a ≥2-point reduction in total RDAI 
score within 72 hours of nebulization initiation, or (ii) 
discharge within 72 hours without supplemental oxygen. 
This outcome de�nition was used to provide a clinically 
interpretable RDAI-based response measure, and the RDAI 
has published validity and reliability data in bronchiolitis 
[18]. Participants were followed for 72 hours after 
nebulization initiation or until discharge, whichever 
occurred �rst. During follow-up, RDAI was reassessed at 
routine clinical reviews using the same standardized 
scoring criteria. Infants treated with 4 mL of 3% hypertonic 
saline were classi�ed as Group A, and those treated with 4 
mL of 0.9% normal saline were classi�ed as Group B. 
Nebulization was generally administered three times per 
day at approximately 8-hour intervals, according to the 
treating physician's judgment, until su�cient clinical 
improvement for discharge. All infants received standard 
supportive care, including propped-up positioning, suction 
as required, �uid administration, routine feeding, 
antipyretic therapy (paracetamol) for fever, and parental 
counseling. Supplemental oxygen was delivered via nasal 
cannula or face mask and initiated when oxygen saturation 
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In Group A, 27 of 30 infants (90%) met the prede�ned 

treatment-response criterion, compared with 15 of 30 

(50%) in Group B. This difference is statistically signi�cant 

(p<0.001), showing a higher proportion of infants meeting 

the prede�ned treatment-response criterion in Group A 

than in Group B. Treatment allocation was based on the 

pediatrician's clinical judgment, and patients were followed 

for 72 hours to assess clinical response. In both groups, 

infants were assessed over the �rst 72 hours; the 

proportion meeting the prede�ned treatment-response 

criterion was signi�cantly higher in the hypertonic saline 

group. The risk ratio for treatment response was 1.80 

(27/30 vs 15/30), and the absolute risk difference was 40.0 

percentage points (Table 2).
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R E S U L T S

A total of 60 infants were included in the study, with 30 in 

Group A (3% hypertonic saline) and 30 in Group B (0.9% 

normal saline). The infants were aged between 1 month and 

2 years. In Group A, the mean age was 5.43 ± 3.58 months, 

and the mean duration of complaints was 23.23 ± 7.37 

hours, whereas in Group B, the mean age was 5.83 ± 4.87 

months and the mean duration of complaints was 17.50 ± 

4.99 hours. Males were predominant in both groups. 

Baseline demographic characteristics were broadly similar 

between groups; however, baseline symptom duration was 

longer in Group A than in Group B, which may introduce 

residual confounding. This study was a prospective quasi-

experimental comparative cohort study, where treatment 

allocation was based on the pediatrician's clinical 

judgment. Participants were actively followed for 72 hours 

to assess clinical response, with e�cacy de�ned as a ≥2-

point reduction in RDAI or discharge without supplemental 

oxygen (Table 1).

Table 1:  Basic Demographics of Patients and Clinical 

Characteristics of Infants

persistently fell below 90%, then titrated to maintain 
oxygen saturation ≥90%. Inhalation treatments were 
delivered using a standard nebulizer machine. No 
b r o n c h o d i l a t o r s  ( e . g . ,  s a l b u t a m o l )  o r  i n h a l e d 
corticosteroids were administered during the observation 
period. For each infant, treatment response status and 
continuous outcomes, including duration of oxygen 
therapy (hours) and length of hospital stay (days), were 
recorded on the study proforma. 
Data were analyzed using SPSS version 25.0. Categorical 
variables, such as treatment response, were summarized 
as frequencies and percentages and compared between 
groups using the Chi-square test. Effect sizes were 
reported as appropriate with 95% con�dence intervals. 
Continuous variables, such as oxygen-therapy hours and 
length of hospital stay, were expressed as mean ± standard 
deviation and compared using independent-samples t-
tests; normality was assessed (e.g., Shapiro–Wilk test 
and/or visual inspection). When normality was not 
satis�ed, the Mann–Whitney U test was applied. A p-value 
of <0.05 was considered statistically signi�cant. 

Group B (n=30),
Mean ± SD

Group A (n=30),
Mean ± SD

Demographic Characteristic

5.433 ± 3.58

20 (66.67%)

10 (33.33%)

23.233 ± 7.37

5.833 ± 4.87

18 (60%)

12 (40%)

17.500 ± 4.99

Age (Months)

Male

Female

Duration of Presenting Complaints
(Hours)

Baseline symptom duration was longer in Group A than in Group B, 

re�ecting usual-care treatment selection and potential residual 

confounding

Table 2: Comparison of Treatment Response Between the Two 

Groups

Group B (0.9%
NS), n (%)

p-valueGroup A (3%
HS), n (%)

Treatment Response

Yes

No

Total

27 (90.0%)

3 (10.0%)

30 (100%)

15 (50.0%)

15 (50.0%)

30 (100%)

<0.001

As summarized, treatment response was more frequent in 

the hypertonic saline group than in the normal saline group 

across most strata. The difference was statistically 

signi�cant in infants aged 1-12 months and in both 

complaint-duration categories (p=0.016 and p=0.008); no 

statistically signi�cant difference was observed in the 

13–24-month subgroup, which had a small sample size. 

Strati�ed analyses suggested that the higher response 

rate with 3% hypertonic saline was most evident in infants 

aged 1-12 months and in both complaint-duration strata; 

interpretation remains cautious due to non-assigned 

usual-care treatment selection (Table 3).

Table 3: Strati�cation of Treatment Response by Subgroups 

p-
value

Treatment Response

Yes No
Age Group

A

B

A

B

A

B

A

B

A (n=13)

B (n=26)

A (n=17)

B (n=4)

24 (88.9%)

13 (50%)

3 (100%)

2 (50%)

17 (85%)

8 (44.4%)

8 (80%)

6 (50%)

12 (92.3%)

14 (53.8%)

15 (88.2%)

1 (25%)

3 (11.1%)

13 (50%)

0 (0%)

2 (50%)

3 (15%)

10 (55.6%)

2 (20%)

6 (50%)

1 (7.7%)

12 (46.2%)

2 (11.8%)

3 (75%)

1-12 Months

13-24 Months

Male

Female

Duration1-24
Hours

Duration 25-48
Hours

0.002

0.147

0.005

0.055

0.016

0.008

Infants treated with 3% hypertonic saline required 

signi�cantly fewer hours of oxygen therapy (17.3 ± 4.2 vs. 

26.8 ± 5.6 hours, p<0.001) and had a shorter mean hospital 

stay (2.6 ± 0.8 vs. 3.5 ± 1.0 days, p<0.001) than those treated 



Bronchiolitis is common among children under two years 

old and is a leading cause of hospitalization for respiratory 

illness in early childhood [12–14]. The objective of this study 

was to compare short-term clinical outcomes between 

infants receiving nebulized 3% hypertonic saline and those 

receiving 0.9% normal saline under routine clinical care. 

Both cohorts showed little demographic variation in age 

and sex, and clinical signs and symptoms were broadly 

similar at baseline. Baseline clinical features were 

comparable between groups; however, given the usual-

care treatment selection, baseline differences in symptom 

duration were noted and cannot be fully excluded. Infants 

who received 3% hypertonic saline had a higher observed 

rate of clinical improvement than those who received 

normal saline (0.9%). The former group had an average of 

approximately 9 fewer hours of oxygen administration 

compared with the latter group. Approximately 90% of 

infants treated with 3% hypertonic saline met the 

prede�ned treatment-response criterion within 72 hours, 

compared with 50% of those treated with 0.9% normal 

saline [11]. No treatment-limiting adverse events were 

documented during hospitalization; however, adverse 

events were not collected using a dedicated active-

surveillance tool. As the basic clinical parameters were 

broadly similar between the two groups, the observed 

variation in outcomes (with a higher treatment-response 

rate among those treated with nebulized 3% saline) may be 

associated with the type of saline used. However, causal 

inference is limited by the quasi-experimental study design 

(non-randomized treatment allocation). In this study, the 

utilization of 3% hypertonic saline was associated with a 

signi�cantly shorter duration of hospitalization. These 

differences were accompanied by a signi�cantly shorter 

length of hospital stay, with many patients in Group A being 

discharged within three days of treatment. Nonetheless, in 

infants with acute bronchiolitis, 3% hypertonic saline was 

associated with a higher RDAI-de�ned treatment response 

and shorter observed oxygen-therapy duration and 

hospital stay compared with 0.9% normal saline in this 

cohort. No treatment-limiting adverse events were 

documented during hospitalization. Our �ndings are 

broadly consistent with previous studies reporting 

reduced hospital stay in infants treated with 3% hypertonic 

s a l i n e  c o m p a r e d  w i t h  n o r m a l  s a l i n e  [ 1 5 ] .  T h e 

administration of oxygen should be guided by oxygen 

saturation. When oxygen saturation persistently falls 

below 90% in infants with bronchiolitis, supplemental 

oxygen is typically initiated and titrated according to 

oxygen saturation and clinical status [16]. In this study, the 

hypertonic saline group required fewer hours of oxygen 

therapy than the normal saline group (approximately 9 

hours fewer on average), and a previous study reported a 

similar observation [17]. Prior studies have reported that 

nebulized 3% hypertonic saline may be associated with 

faster clinical improvement than 0.9% normal saline in 

infants with acute bronchiolitis. Several studies have also 

reported a shorter length of hospital stay with hypertonic 

saline compared with normal saline among admitted 

infants [18, 19]. Many investigations used bronchiolitis 

severity scores (including RDAI or similar validated scores) 

to assess changes over time. For example, studies 

evaluating nebulized 3% hypertonic saline administered 

with epinephrine every 6–8 hours reported improvements 

in bronchiolitis severity scores and shorter hospitalization 

duration compared with 0.9% saline with epinephrine. No 

serious adverse events were repor ted in  those 

investigations [19, 20]. These �ndings are broadly 

consistent with the current study, as the oxygen-therapy 

duration in the hypertonic saline group was notably shorter 

(approximately 17 hours) compared to the normal saline 

group. Previous studies have reported mixed �ndings 

regarding the clinical bene�t of nebulized hypertonic saline 

in infants with acute bronchiolitis [9]. However, another 

study investigating the utilization of 3% hypertonic saline 

in the accident and emergency room proposed that there 

may not be immediate therapeutic advantages seen with 

the administration of nebulized hypertonic saline [21]. 

Although hypertonic saline has been proposed to improve 

airway surface hydration and facilitate mucus clearance, 

these mechanisms were not directly assessed in the 

present study. Therefore, interpretation is based on 

observed clinical outcomes rather than physiological 

measures [22–24]. Nebulization with hypertonic saline 

(3%) was well tolerated in this cohort and was associated 

with a higher RDAI-de�ned treatment response and 

shorter observed oxygen-therapy duration and hospital 

stay than normal saline among infants hospitalized with 

acute bronchiolitis. No treatment-limiting adverse events 

were documented in routine records, although adverse 

events were not captured using a dedicated active-

surveillance tool [18–20]. Hypertonic saline is inexpensive 

and widely available; however, formal cost-effectiveness 

was not evaluated in this study. Furthermore, our �ndings 

are consistent with the Cochrane review reporting shorter 

hospitalization in some settings with hypertonic saline [9]. 
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with normal saline, with shorter observed oxygen-therapy 

duration and hospital stay in the hypertonic saline group 

(Table 4).

Table 4: Oxygen Therapy Duration and Length of Hospital Stay

Group B
(0.9% NS)

p-
valueOutcomes

<0.001

Group A
(3% HS)

17.3 ± 4.2

2.6 ± 0.8

26.8 ± 5.6

3.5 ± 1.0

Oxygen Therapy, Hours (Mean ± SD)

Length of Stay, Days (Mean ± SD)
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Across both groups, respiratory rate, wheeze, retractions, 

overall clinical condition, and clinical severity scores 

improved over three days, with improved room-air oxygen 

saturation [25]. Our quantitative analysis shows 

substantially shorter oxygen use and hospital stay with 

hypertonic saline (both p<0.001). 

However, because treatment was selected as part of 

routine care, residual confounding (including baseline 

symptom duration) cannot be excluded. Baseline symptom 

duration differed between groups, which may re�ect 

confounding by indication. This was a single-center, quasi-

experimental comparative cohort study with a modest 

s a m p l e  s i z e  a n d  n o  b l i n d i n g ,  w h i c h  m a y  l i m i t 

generalizability and introduce selection and measurement 

bias. Baseline imbalances suggest possible residual 

confounding, and adverse events were not captured using 

a dedicated surveillance tool. We did not separately analyze 

the proportion requiring supplemental oxygen; instead, we 

assessed oxygen-therapy duration as a more sensitive 

outcome. Larger multicenter studies with more rigorous 

designs and systematic adverse-event monitoring are 

warranted to con�rm these observed associations.
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0.9% normal saline among infants admitted with acute 
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baseline differences, and potential residual confounding.

C O N C L U S I O N S



PJHSL VOL. 7 Issue. 06 June 2026
19

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

Islam KT, Mollah AH, Matin A, Begum M. Comparative 

E�cacy of Nebulized 3% Hypertonic Saline Versus 

0.9% Normal Saline in Children with Acute 

Bronchiolitis. Bangladesh Journal of Child Health.  

2018 Dec; 42(3): 130-137. doi: 10.3329/bjch.v42i3.392 

64.

Sanghavi B and Sugapradha GR. Clinical Pro�le and 

Outcome of Bronchiolitis in Children With 1-24 

Months of Age. Cureus.  2024 Sep; 16(9): 1-6.

Erickson EN, Bhakta RT, Tristram D, Mendez MD. 

Pediatric bronchiolitis. StatPearls Publishing.  2025 

Jan. 

Almansoor BA. Epidemiology of Hospitalization for 

Acute Bronchiolitis in Children: A Systematic Review. 

International Journal of Medicine in Developing 

Countries.  2023 Apr; 7(7): 1046. doi: 10.24911/�MDC. 

51-1677868429.

Omparkash AL, Laghari TM, Sirichand MA, Aslam M. 

Compare the Clinical Severity and Length of Hospital 

Stay in Children with Bronchiolitis Treated with the 

3% Hypertonic Saline Nebulization Versus Normal 

Saline and Salbutamol.  2023; 17(3): 448-451. doi: 10.5 

3350/pjmhs2023173448.

Louman S,  van Stralen KJ,  P�nenburg MW, 

Koppelman GH, Boehmer AL. Oxygen Saturation 

Targets for Children with Respiratory Distress: A 

Systematic Review. European Respiratory Society 

open research.   2023 Oct; 9(5). doi: 10.1183/23120541 

.00256-2023.

Jhaveri S, Patel B, Kariya PV. A Prospective Study on 

the E�cacy of Hypertonic Saline Nebulization in 

Infants with Acute Bronchiolitis. European Journal of 

Cardiovascular Medicine.  2025 Apr; 15: 593-595.

Alamer HS, Asiri AJ, Aalhassan A, Tahaeibashir SE. A 

retrospective study on the effect of nebulized 

hypertonic saline (3%) vs. epinephrine on admission 

rates among infants with acute moderate to severe 

bronchiolitis at AFHSR.  International Journal of 

Advanced Research.  2025; 13(1): 1360-1368. doi: 10.21 

474/�AR01/20326.

Mahjoub E, Suliman O, Alhussain Z, Alsubhi H, Altom 

S. Clinical Practice Guidelines for the Diagnosis and 

Management of Bronchiolitis in Infants and Young 

Children: A Systematic Review. Vascular and 

Endovascular Review.  2025 Oct; 8(5): 43-54. 

Parveen A, Naureen S, Waseem R, Noor T, Malik T, 

Shaheen B. Comparison Between 0.9% Normal 

Saline and 0.3% Hypertonic Saline Nebulization in 

Acute Bronchiolitis in Terms of Mean Length of 

Hospital Stay. Pakistan Pediatric Journal.  2025 Aug; 

49(2): 1-5. 

Brown CS, Rabinstein AA, Zhao Y, Wieruszewski ED. 

Safety of Peripheral 3% Hypertonic Saline Bolus 

Administration for Neurologic Emergency. The 

American Journal of Emergency Medicine.  2023 Jul; 

69: 83-86. doi: 10.1016/j.ajem.2023.04.007.

Khan Z, Naeem MO, Amin A, Amin L, Shah A, Khaliq SU 

et al. Effectiveness of Hypertonic Saline with or 

without Hyaluronic Acid Among Patients with Cystic 

Fibrosis: A Systematic Review and Meta-Analysis. 

Annals of Medicine and Surgery.  2024 Oct; 86(10): 

6091-6096. doi: 10.1097/MS9.0000000000002450.

Kelly S, Valentine M, Chua WH, Tatkov S. Impact of 

High-And Low-Flow Nebulised Saline on Airway 

Hydration and Mucociliary Transport. ERJ Open 

Research.  2023 Jun; 9(3): 1-10. doi: 10.1183/23120541. 

00724-2022.

Roe T, Talbot T, Terrington I, Johal J, Kemp I, Saeed K 

et al. Physiology and Pathophysiology of Mucus and 

Mucolytic Use in Critically Ill Patients. Critical Care.  

2025 Feb; 29(1): 68. doi: 10.1186/s13054-025-05286-x.

Ahmadi Z, Smallwood NE, Russell AM, Saggu R, 

Romero L, Holland AE et al. Supplemental Oxygen for 

Symptomatic Relief in People with Serious 

Respiratory Illness: A Systematic Review and Meta-

Analysis. European Respiratory Review.  2025 Mar; 

34(175): 1-19. doi: 10.1183/16000617.0025-2024.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

DOI: https://doi.org/10.54393/pjhs.v7i6.3599

Hypertonic vs Normal Saline Nebulization in Infant Bronchiolitis
Emel K et al.,



Original Article

1* 1,2 1,2 1 1Muhammad Zeshan Siddique , Abdul Majid , Jam Naveed Nawaz , Muhammad Khalid Razaq and Syed Abdullah Faiz

¹Department of Cardiology, Sheikh Zayed Hospital, Rahim Yar Khan, Pakistan

²The American College of Cardiology, Washington, D.C, United Sates of America

How to Cite: 

Siddique, M. Z., Majid, A., Nawaz, J. N., Razaq, M. K., & 

Faiz, S. A. (2026). Comparison of Rivaroxaban Versus 

Warfarin in Resolution of Left Ventricular Thrombus 

After Acute Anterior Wall Myocardial Infarction: A 

Prospective Cohort Study: Rivaroxaban vs Warfarin for 

Left Ventricular Thrombus. Pakistan Journal of Health 

Sciences, 7(6), 20-25. https://doi.org/10.54393/pjhs. 

v7i6.3638

Keywords: 

Echocardiography, Myocardial Infarction, Rivaroxaban, 

Thrombosis, Warfarin

I N T R O D U C T I O N

A R T I C L E I N F O A B S T R A C T

Comparison of Rivaroxaban Versus Warfarin in Resolution of Left Ventricular
Thrombus After Acute Anterior Wall Myocardial Infarction: A Prospective Cohort
Study

thReceived Date: 6  December, 2025
st th1  Revision Received: 17  February, 2026
nd th2  Revision Received: 9  March, 2026

thAcceptance Date: 12  March, 2026
thPublished Date: 30  June, 2026

*Corresponding Author: 

Muhammad Zeshan Siddique

Department of Cardiology, Sheikh Zayed Hospital, Rahim 

Yar Khan, Pakistan

zeeshan.siddique52@yahoo.com

There is emerging evidence that direct oral anticoagulants like rivaroxaban are a more effective 

alternative for thrombus resolution after acute myocardial infarction. Objective: To compare 

the rate of left ventricular thrombus resolution between rivaroxaban and warfarin after acute 

anterior wall myocardial infarction. Methods: This prospective cohort study was conducted in 

the Department of Cardiology at Sheikh Zayed Hospital, Rahim Yar Khan, from May to November 

2025. A total of 290 participants with left ventricular thrombus after acute anterior wall 

myocardial infarction were enrolled in the study. The unexposed group consisted of patients 

treated with warfarin, with the dose adjusted to maintain an INR of 2.0-3.0. The exposed group 

received rivaroxaban (20 mg daily; 15 mg if creatinine clearance was 30–50 ml/min/1.73m2). 

Echocardiography was performed at baseline and repeated after three months to assess 

thrombus resolution. Data were analyzed through SPSS version 25.0. Descriptive statistics 

were run, and an independent sample t-test was used for numerical comparison and a chi-

square test for categorical comparison. Results: The mean age was 60.4 ± 6.4 years, with 73.4% 

males. Baseline demographics were comparable between the groups. Thrombus resolution at 

three months was achieved in 52.4% overall, signi�cantly higher in rivaroxaban versus warfarin 

(61.4% vs. 43.4%, p-value=0.002; RR: 1.4, 95% CI: 1.1–1.8). Diabetes, hypertension, and thrombus 

size ≥1 cm were associated with lower thrombus resolution rates. Conclusions: Rivaroxaban 

demonstrated better e�cacy over warfarin for thrombus resolution in post-myocardial 

infarction patients. Comorbid diabetes, hypertension, and larger thrombosis size were 

signi�cant negative predictors of resolution.
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Patients with left ventricular systolic dysfunction are more 

likely to experience left ventricular thrombosis (LVT), 

mostly a fatal condition that typically develops between 1 

day and 2 weeks following myocardial infarction (MI) [1]. A 

signi�cant 10–40% chance of MI, acute stroke, distal 

embolism, and other severe cardiovascular incidents is 

linked to the establishment of LVT [2]. LVT is seen in 3–7% 

cases with signi�cant LV dysfunction and may increase up 

to 20-22% in individuals with ST-elevation myocardial 

infarction (STEMI), even though its prevalence has declined 

in comparison to the pre-thrombolytic era [3]. Warfarin and 

other vitamin K antagonists (VK As) are common 

anticoagulant medications used to treat LVT, in cases of an 

international normalised ratio (INR) of 2-3, during 

treatment [4]. The family of Direct Oral Anticoagulants 

(DOACs) includes the direct factor Xa inhibitor rivaroxaban. 

It can be used to treat non-valvular atrial �brillation, 

pulmonary embolism (PE), and deep vein thrombosis (DVT). 

Rivaroxaban's use in preventing atherothrombotic events 

after acute coronary syndrome (ACS) is one of its 

noteworthy features [5]. Compared to VKAs, DOACs—like 

rivaroxaban—have fewer dietar y and medication 

interactions, less chance of cerebral haemorrhage, less 

need for frequent monitoring, and improved drug 



M E T H O D S

This prospective cohort study was conducted at the 
Department of Cardiology of Sheikh Zayed Hospital, Rahim 
Yar Khan. Participants were enrolled in the study over a 
period of six months from 21st May 2025 to 20th November 
2025, through consecutive sampling. The study was 
conducted after approval from the institutional ethics 
committee (ERC#145-/IRB/SZMC/SZH; Dated 23rd April, 
2025). A total of 290 participants, 40-80 years of age, either 
male or female gender, admitted to the hospital due to left 
ventricular thrombus after acute anterior wall myocardial 
infarction, were included in the study after written 
informed consent. Participants with a history of clotting 
disorder, antiphospholipid syndrome, atrial �brillation, 
deep venous thrombosis, pulmonary embolism, on 

adherence, making them promising therapies for LVT [6]. 

Only diverse retrospective observational studies have 

evaluated the safety and effectiveness of DOACs in treating 

LVT in individuals presenting with acute coronary 

syndrome (ACS) [7, 8]. Mansouri et al. enrolled 52 patients 

with ACS, equally divided into rivaroxaban and warfarin 

groups (26 patients each). The thrombus resolution rates in 

the rivaroxaban (76.9%) and warfarin (69.2%) groups, as 

well as the thrombus size reduction, did not show any major 

difference between the two groups [9]. Prajapati et al. 

studied 21 cases in the Warfarin group and 19 patients in the 

Rivaroxaban group. Three months after the treatment 

initiation, thrombus resolution in the rivaroxaban group 

was 47.7% vs. 33.4% in the warfarin group [10]. Current 

study was planned to assess the e�cacy of rivaroxaban 

versus warfarin in managing LVT in patients with ACS. 

Identifying a more effective and safer anticoagulant will 

reduce the risk of embolic complications, improving 

patient outcomes after anterior wall MI. If rivaroxaban 

proves superior or non-inferior to warfarin, it will lead to 

u p d ate d  t re at m e n t  g u i d e l i n e s ,  s i m p l i f y i n g  LV T 

management. Reducing hospital visits for INR monitoring 

will ease the burden on healthcare systems and enhance 

patient convenience. We hypothesized that the thrombus 

resolution rate in three months would be higher in 

rivaroxaban compared to warfarin after acute anterior wall 

myocardial infarction.

There is limited evidence comparing the e�cacy and 

safety of rivaroxaban with the traditionally used warfarin 

for the management of left ventricular thrombus (LVT) 

following acute coronary syndrome, particularly after 

anterior wall myocardial infarction. Warfarin therapy also 

requires frequent INR monitoring, which increases the 

burden on both patients and healthcare systems. 

Therefore, this study aimed to assess the e�cacy of 

rivaroxaban compared with warfarin in the management of 

LVT in patients with acute coronary syndrome.

a n t i c o a g u l a t i o n  t h e r a p y,  e s t i m a t e d  G F R  <  3 0 
mL/min/1.73m², platelet count < 50,000/mm3, chronic liver 
disease, pregnant and breastfeeding women were 
excluded from the study. Patients were managed 
according to routine clinical practice, and the decision to 
prescribe rivaroxaban or warfarin was made by the treating 
physician in consultation with the patient, based on clinical 
judgment, patient preference, and drug availability. The 
standard/unexposed group consisted of the patients 
treated with Warfarin, and the exposed group was the 
patients treated with Rivaroxaban. After enrolment, 
baseline characteristics of participants, including age, 
gender, obesity, diabetes, hypertension, and smoking, 
were recorded. All  the participants had baseline 
transthoracic echocardiography performed by a 
consultant cardiologist to con�rm the presence and size of 
the thrombus before starting thrombolytic therapy. Dual 
antiplatelet therapy was prescribed to all the participants 
as per hospital protocol. All the patients in the warfarin 
group had baseline prothrombin time (PT) and international 
normalized ratio (INR) measured before starting treatment. 
The initial dose of 5 mg was titrated to keep INR between 
2.0 and 3.0. The patients in the exposed group were 
prescribed 20 mg of rivaroxaban once daily at bedtime. The 
dose was reduced to 15 mg if creatinine clearance was 
between 30 - 50 mL/min/1.73m². The treatment was 
continued for three months with fortnightly follow-ups. All 
patients were verbally inquired about adverse drug 
reactions during each follow-up visit. After treatment, 
echocardiography was repeated by the same operator, not 
aware of the thrombolytic treatment given. The status of 
thrombus resolution was recorded. The primary outcome 
wa s  d e � n e d  a s  c o m p l ete  t h ro m b u s  re s o l u t i o n, 
characterized by the absence of any visible thrombus on 
follow-up echocardiography. The same prede�ned criteria 
were applied consistently to all participants to ensure 
standardized, transparent outcome assessment. Safety 
assessment was limited to major adverse events, 
speci�cally stroke, pulmonary embolism, and deep vein 
thrombosis, identi�ed through scheduled clinical follow-
up and review of hospital records [10]. These outcomes 
were de�ned as clinically diagnosed and are imaging-
con�rmed events. A sample size of 290 patients, 1:1 ratio of 
both groups, was calculated assuming 47.7% thrombus 
resolution in the rivaroxaban and 33.4% in the warfarin 
thrombolysis treatment groups at 80% power of the study 
and 5% signi�cance level. The sample size was calculated 
through the OpenEpi online software using the cohort 

2 2study formula: n = (Z  + Z )  p̄q̄(r+1) / r (p  – p ) .α/2 1-β 1 2

The data were analysed through SPSS version 25.0. 
Normality of age and thrombus size was assessed using the 
Shapiro–Wilk test, and as both variables followed a normal 
distribution, they were summarized as mean ± standard 
deviation. Frequency and percentages are reported for 
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*Independent sample t-test for numerical comparison and chi-

square for categorical b comparison

R E S U L T S

The mean age of the participants was 60.4 ± 6.4 years, with 

56.2% (n=163) 60 years and above. There were 73.4% (n=213) 

male patients. Obesity was prevalent in 26.6% (n=77), 

diabetes in 40.3% (n=117), hypertension in 44.1% (n=128), 

and smoking in 43.4% (n=126) of the patients. The mean 

thrombus size was 11.3 ± 5.0 mm, with 56.2% (n=163) having 

a thrombus size of one cm or above. The demographic 

characteristics were comparable between the warfarin 

and rivaroxaban thrombolysis therapy groups. No hospital-

acquired infection during hospital stay was observed. No 

adverse drug reactions or adverse events (stroke, 

pulmonary embolism, DVT) were observed during the 

follow-up (Table 1).

Table 1:Characteristics of Patients with Left Ventricular 

Thrombus After Acute Anterior Wall Myocardial Infarction (n=290)

categorical data. Between-group comparisons are made 
using an independent sample t-test for numerical data and 
a chi-square test for categorical data. Relative Risk with 
95% con�dence interval is calculated to identify factors 
associated with complete thrombus resolution. For all the 
comparisons, p-value <0.05 is considered signi�cant. To 
estimate adjusted relative risks (aRR) for complete 
thrombus resolution, a multivariable generalized linear 
model with a log link function and binomial distribution was 
applied. Adjusted relative risk and their 95% con�dence 
inter vals  were derived directly  from the model 
coe�cients. Covariates included in the multivariable 
model were selected a priori based on clinical relevance 
and variables demonstrating a p-value < 0.20 in univariate 
analysis. Statistical signi�cance of individual predictors 
was assessed using Wald chi-square statistics. To assess 
potential multicollinearity among predictors, variance 
in�ation factors (VIFs) were examined. A VIF>10 was 
considered indicative of signi�cant collinearity. No 
substantial multicollinearity was detected in the �nal 
model. This study was conducted and reported in 
accordance with the Strengthening the Reporting of 
Obser vational Studies in Epidemiology (STROBE) 
guidelines for observational research.

Three months after treatment, thrombus resolution was 

achieved in 52.4% (n=152) of all the participants. Rate of 

thrombus resolution was signi�cantly higher in the 

rivaroxaban group compared to warfarin (61.4% vs. 43.4%, 

p-value=0.002) (Figure 1).

Table 2: Factors Associated with Thrombus Resolution in 

Patients with Left Ventricular Thrombus After Acute Myocardial 

Infarction (n=290)
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Rivaroxaban
Group (n=145)

p-
value*

Warfarin
Group (n=145)

Overall
(n=290)Characteristic

a0.188

b0.407

b0.894

b0.506
b0.905
b0.636
b0.813
a0.318

60.9 ± 6.1

60 (47.2%)

85 (52.1%)

106 (49.8%)

39 (50.6%)

41 (53.2%)

59 (50.4%)

66 (51.6%)

62 (49.2%)

11.0 ± 4.5

59.9 ± 6.6

67 (52.8%)

78 (47.9%)

107 (50.2%)

38 (49.4%)

36 (46.8%)

58 (49.6%)

62 (48.4%)

64 (50.8%)

11.6 ± 5.5

60.4 ± 6.4

127 (43.8%)

163 (56.2%)

213 (73.4%)

77 (26.6%)

77 (26.6%)

117 (40.3%)

128 (44.1%)

126 (43.4%)

11.3 ± 5.0

Age (years)

< 60-years old

≥ 60-years old

Gender – Male

Female

Obesity – Yes

Diabetic – Yes

Hypertensive – Yes

Smoker – Yes

Thrombus size (mm)

b0.723
62 (48.8%)

83 (50.9%)

65 (51.2%)

80 (49.1%)

127 (43.8%)

163 (56.2%)

< 1 cm

≥ 1 cm

Figure 1: Thrombus Resolution After Three Months in Study 

Participants (n=290)

*chi-square test

Compared to warfarin therapy, the relative risk of thrombus 

resolution was signi�cantly higher in rivaroxaban 

treatment [61.4% vs. 43.4%: RR (95%CI): 1.4 (1.1 – 1.8), p-

value = 0.003]. Compared to patients without diabetes, the 

relative risk of thrombus resolution was signi�cantly lower 

in diabetics [40.2% vs. 60.7%: RR (95%CI): 0.66 (0.5 – 0.9), 

p-value <0.001].  Compared to  patients  without 

hypertension, the relative risk of thrombus resolution was 

signi�cantly lower in hypertensive patients [41.4% vs. 

61.1%: RR (95%CI): 0.67 (0.5 – 0.8), p-value <0.001]. 

Incidence of thrombus resolution was signi�cantly lower in 

thrombus size ≥ 1 cm compared to <1cm [28.8% vs. 82.7%: 

RR (95%CI): 0.35 (0.3 – 0.5), p-value <0.001] (Table 2).

p-
value

Yes No
Associated Factors

Thrombus Resolution Relative
Risk (95%

CI)

Rivaroxaban

Warfarin

< 60-year

≥ 60-year

Male

Female

Yes

No

Yes

No

Yes

No

Yes

No

89 (61.4%)

63 (43.4%)

72 (56.7%)

80 (49.1%)

106 (49.8%)

46 (59.7%)

34 (44.2%)

118 (55.4%)

47 (40.2%)

105 (60.7%)

53 (41.4%)

99 (61.1%)

61 (48.4%)

91 (55.5%)

56 (38.6%)

82 (56.6%)

55 (43.3%)

83 (50.9%)

107 (50.2%)

31 (40.3%)

43 (55.8%)

95 (44.6%)

70 (59.8%)

68 (39.3%)

75 (58.6%)

63 (38.9%)

65 (51.6%)

73 (44.5%)

Treatment

Age groups

Gender

Obesity

Diabetes

Hypertension

Smoker

0.003*

0.195

0.116

0.110

<0.001*

<0.001*

0.238

1.4
(1.1 – 1.8)

1.2
(0.9 – 1.4)

0.66
(0.5 – 0.9)

0.67
(0.5 – 0.8)

0.87
(0.7 – 1.1)

0.8
(0.6 – 1.1)

0.8
(0.6 – 1.1)



In our study, we found that three months after treatment, 

thrombus resolution was achieved in almost half of all the 

participants. The rate of thrombus resolution was 

signi�cantly higher in the rivaroxaban group compared to 

warfarin. LVT is very common after STEMI, even though it 

can happen in conditions other than infarction. The 

increased risk of embolization and ischemic stroke makes 

medical management of LVT extremely di�cult. One of the 

key components of managing LVT is anticoagulation 

therapy. For the treatment of post-ACS, LVT, current 

guidelines (ESC, ACCF/AHA) mainly recommend using 

VKAs (warfarin) for a maximum of three to six months [11]. 

At the same time, individuals who have poor warfarin 

compliance are recommended to take DOACs. However, 

the off-label use of DOACs among patients with LVT has 

increased recently due to no dietary limitations, the lack of 

frequent monitoring requirements, and the absence of 

various drug interactions associated with warfarin [12]. In a 

pilot randomized research, Jenab Y et al found that after 3-

months, full LVT resolution was 76.0% with rivaroxaban and 

54.2% with warfarin (RR ~1.40). In both groups, signi�cant 

bleeding and embolic episodes were uncommon [13]. 

Zhang et al. demonstrated comparable or quicker LVT 

resolution in an observational cohort of patients receiving 

rivaroxaban-based triple treatment as compared to VKA-

based regimens; bleeding and clinical outcomes were 

tolerable [7]. In comparison to VKAs, DOACs (including 

rivaroxaban) were linked to comparable or superior 

thrombus resolution and decreased bleeding/stroke risk, 

according to a meta-analysis of observational studies 

conducted by Shrestha et al. [14]. This pooled evidence 

supports our results. A comparative cohort analysis of 

DOACs versus VKAs for post-myocardial infarction LVT was 

carried out by Attachaipanich et al. In post-MI patients, they 

found that DOACs were associated with reduced risks of 

stroke and systemic embolism and greater LVT resolution 

rates than warfarin [15]. Their results also support our 

�ndings that rivaroxaban outperforms warfarin in terms of 

resolution at three months. Rivaroxaban lowers the period 

of insu�cient anticoagulation that can obstruct thrombus 

resolution by providing rapid, predictable anticoagulation 

without the INR instability and dietary/drug interactions of 

warfarin [16]. Because DOACs don't require monitoring 

visits, they frequently increase adherence, which in turn 

results in more constant anticoagulation and greater 

resolution rates. In the present study, we observed that 

diabetes, hypertension, and thrombus size ≥1 cm were 

associated with lower thrombus resolution rates.  At three 

months, Yang et al. discovered that a large thrombus was 

independently linked to a higher probability of thrombus 

persistence or recurrence (OR ~1.11 per unit increase). 

Persistence was also predicted by ventricular aneurysm 

and mural texture [17]. Despite anticoagulation, larger (≥1 

cm) thrombi persist because they are more likely to be 

chronic or mural and are mechanically more di�cult to 

lyse. In an observational research, Lu et al. found that 

characteristics of larger/older thrombi and elevated 

in�ammatory markers (such as CRP) were associated with 

a decreased chance of early thrombus clearance. 

According to the authors, comorbid disorders that worsen 

in�ammation and hinder healing also decrease remission 

[18]. It is conceivable that diabetes and hypertension 

decrease anticoagulant-mediated thrombus resolution 

because they are pro-in�ammatory and pro-thrombotic 

conditions (and frequently linked to elevated CRP). In a 

similar study, a review and pooling of data by Kim et al. 

revealed that thrombus size/area, ventricular aneurysm 

presence, decreased LVEF, and in�ammatory markers 

predicted persistence; comorbidities that resulted in 

endothelial dysfunction, such as diabetes and poorly 

controlled hypertension, were reported as signi�cant 

predictors for delayed thrombus resolution [19]. LVT size 

was found to be an independent predictor of thrombus 

persistence by Ahmed et al. Concurrent antiplatelet 
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D I S C U S S I O N

Five independent predictors were identi�ed in the 

multivariable model, including treatment as the primary 

exposure variable. Thrombus resolution was 3.7 (1.9 – 7.1) 

times higher in the rivaroxaban group compared to 

warfarin. Thrombus size of ≥ 1cm [aRR: 0.07 (0.03 – 0.14)], 

smoking [aRR: 0.29 (0.15 – 0.58)], hypertension [aRR: 0.27 

(0.14 – 0.54)], and diabetes [aRR: 0.43 (0.23 – 0.78)] were 

signi�cant negative predictors of thrombus resolution 

(Table 3).

Table 3: Independent Predictors of Thrombus Resolution in 

Patients with Left Ventricular Thrombus After Acute Myocardial 

Infarction (n=290)
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≥ 1cm

< 1cm

47 (28.8%)

105 (82.7%)

116 (71.2%)

22 (17.3%)

Thrombus
Size <0.001*

0.35
(0.3 – 0.5)

*chi-square test, signi�cant p-value

*Signi�cant p-value

p-
value

Independent Predictors
Adjusted Relative

Risk (95% CI)
Wald chi-

square

Rivaroxaban

Warfarin

Yes

No

Yes

No

Treatment

Thrombus
Size

Smoking

Hypertension

Diabetes

≥ 1cm

< 1cm

16.1

56.7

12.3

14.1

7.6 <0.006*

<0.001*

<0.001*

<0.001*

<0.001*
3.7 (1.9 – 7.1)

1

0.07 (0.03 – 0.14)

1

0.29 (0.15 – 0.58)

1

0.27 (0.14 – 0.54)

1

0.43 (0.23 – 0.78)

1

Yes

No
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medication aided in resolution; a bigger thrombus area was 

strongly associated with non-resolution [20]. Patients with 

type-2 diabetes had poorer cardiovascular outcomes 

overall, according to a retrospective analysis by Shi et al. 

There was evidence of greater adverse events and possibly 

various types of responses to anticoagulant methods in 

LVT subgroups [21]. Microvascular disease, chronic 

in�ammation, poor �brinolysis, and platelet hyperactivity 

associated with diabetes may all decrease thrombus 

clearance and raise the chance of recurrence [22]. Current 

study's prospective cohort design and well-de�ned 

inclusion and exclusion criteria were its strengths. For 

statistical analysis to be signi�cant, the sample size 

(n=290) was su�cient. In a real-world post-MI setting, 

rivaroxaban and warfarin were directly compared head-to-

head. 

Standardized follow-up evaluation was ensured using 

echocardiography at baseline and three months. Some of 

the limitations of our study were that it was a single-center 

study, which may limit generalizability. The imaging 

modality used was echocardiography, which is less 

sensitive than cardiac MRI for thrombus detection despite 

being more practical. Because of the comparatively brief 

follow-up (three months), long-term recurrence, embolic 

events, or bleeding problems might not have been 

detected. As treatment allocation was determined by 

physician judgment and patient preferences rather than 

randomization, the study is subject to potential selection 

bias and residual confounding. Although this pragmatic 

approach re�ects real-world clinical practice, differences 

in baseline characteristics are unmeasured factors 

between groups may have in�uenced outcomes, thereby 

limiting the internal validity and causal inference of the 

�ndings. Minor bleeding events were not systematically 

captured as prede�ned study outcomes. Therefore, while 

no thromboembolic complications were observed, the 

absence of recorded bleeding events should not be 

interpreted as absence of bleeding risk. In the future, large 

multi-center randomized controlled studies will be 

required to con�rm that rivaroxaban is superior to warfarin 

in a variety of populations. Future research should use 

cardiac MRI to detect and characterize thrombus more 

precisely. Studies with longer follow-up (6–12 months) 

should be carried out to evaluate the risk of bleeding, 

embolic events, recurrence, and durability of thrombus 

clearance.
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individualized management and further large-scale, 

randomized studies. This study was conducted for 

academic and research purposes to generate preliminary 

evidence in a real-world clinical setting. The �ndings 

should be interpreted cautiously and are not intended to be 

directly replicated or implemented as a de�nitive 

treatment strategy without further validation through 

larger, more well-designed studies, ideally randomized 

controlled trials.
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Anticipated di�cult airway in thyroid surgery is associated with failed intubation, hypoxia, and 

airway trauma, despite structured preoperative assessment. Objectives: To compare video 

laryngoscopy with conventional direct laryngoscopy in adult patients undergoing elective 

thyroid surgery with anticipated di�cult intubation in terms of �rst- attempt and overall 

tracheal intubation success, glottic visualization, intubation time, and immediate 

oropharyngeal injury. Methods: A randomized controlled trial was conducted in the Department 

of Anesthesia, Sheikh Zayed Hospital, Rahim Yar Khan, from January 2025 to June 2025. Sixty 

patients (18–60 years) undergoing elective thyroidectomy with anticipated di�cult intubation 

(ASA I–II, ≥1 airway predictor) were enrolled by non-probability consecutive sampling and 

randomized (1:1) to conventional laryngoscopy or video laryngoscopy. All intubations were 

performed by experienced anesthetists. Results: Among 60 randomized patients, baseline age 

(44.47 ± 7.66 vs 44.60 ± 8.02 years) and gender distribution (46.7 % vs 40.0 % males) were 

comparable between conventional and video- laryngoscopy groups. Video laryngoscopy 

improved Cormack–Lehane grade I view frequency (60.0% vs 13.3%, p=0.002) and increased 

�rst-attempt intubation success (93.3% vs 60.0%, p=0.002). Overall success was 100.0% with 

video laryngoscopy versus 93.3% with direct laryngoscopy (p=0.150). Mean intubation time was 

longer with video laryngoscopy (45.13 ± 8.38 vs 39.20 ± 9.83 seconds, p=0.015). Immediate 

oropharyngeal injury was numerically lower with video laryngoscopy (6.7% vs 20.0%, p=0.129). 

Conclusions: In anticipated di�cult airways during thyroid surgery, video laryngoscopy 

signi�cantly improved �rst-attempt intubation success and glottic visualization, while overall 

success remained similarly high in both groups.
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Di�cult tracheal intubation is a recognized challenge in 

thyroid surgery owing to anatomical distortion caused by 

large goiters, tracheal deviation, reduced cervical 

extension, and limited mouth opening [1]. These factors 

can impair glottic visualization and increase the risk of 

airway complications during induction [2]. Anticipated 

di�cult intubation occurs in approximately 1.1 percent to 

3.8 percent of the general surgical population, but the risk 

is considerably higher in thyroid surgery, where airway 

distortion is common [3, 4]. Conventional direct 

laryngoscopy continues to be widely practiced; however, 

video laryngoscopy provides an indirect view that may 

enhance laryngeal exposure, reduce the need for 

optimization maneuvers, and mitigate physiologic stress 

responses [5]. Prior study in predicted di�cult airways 

consistently reported superior glottic visualization and 

higher �rst-attempt success with video laryngoscopy, 

although �ndings for intubation time vary across devices 

and operator experience [6]. Meta-analyses further 

support reductions in failed or di�cult intubation and 



M E T H O D S

A randomized controlled trial (NCT07113171) was conducted 
in the Department of Anesthesia, Sheikh Zayed Hospital, 
Rahim Yar Khan, after obtaining approval from the 
Institutional Review Board (803/IRB/SZMC/SZH; Dated 18th 
October, 2023) from January 2025 to June 2025. A sample 
size of 60 patients, with thirty allocated to each group, was 
calculated using an expected �rst-attempt intubation 
success rate of 66% with direct laryngoscopy and 96% with 
video laryngoscopy, at 80% power and a 95% con�dence 
level [10]. Participants were enrolled through non-
probability consecutive sampling. Adults aged 18 to 60 
years of either sex who were scheduled for elective thyroid 
surgery under general anesthesia and met prede�ned 
criteria for anticipated di�cult intubation were included. 

airway trauma, yet highlight heterogeneity related to 

technique, device, and user pro�ciency [7]. Evidence 

speci�c to di�cult airway management demonstrates 

consistent  per formance advantages with video 

laryngoscopy [8]. In a randomized trial of adults with 

anticipated di�cult intubation, video laryngoscopy 

produced markedly more grade-1 views, higher �rst-

attempt success, and fewer optimization maneuvers with 

only a small increase in intubation time relative to direct 

laryngoscopy [9]. In a randomized trial during thyroid 

surgery, �rst-attempt success was 66% with direct 

laryngoscopy versus 96% with video laryngoscopy 

(p<0.001) [10]. Among thyroid patients with di�cult 

airways, intubation time was shorter with the optical stylet 

42.4 ± 24.1 s and video laryngoscope (29.8 ± 22.3 s) than with 

direct laryngoscopy 68.8±26.6s; �rst-attempt success was 

higher with the stylet 90.0% and video laryngoscope 97.5% 

versus direct laryngoscopy 75.0% [11]. In 360 elective 

cases, video laryngoscopy achieved higher �rst-attempt 

success 96.1% versus 90.1% (p=0.024), higher overall 

success 100% vs 94.5% (p=0.004), and fewer immediate 

oropharyngeal injuries 1.1% vs 5.1% (p=0.033) [12]. Given the 

anatomical complexity of thyroid surgery and the higher 

likelihood of encountering a di�cult airway, a focused 

evaluation of intubation methods is warranted [13]. 

The present study has been designed to compare video 

laryngoscopy with conventional direct laryngoscopy in 

adult thyroid surgery patients who meet prede�ned clinical 

predictors of anticipated di�cult intubation. The primary 

objective was to determine whether video laryngoscopy 

improves the �rst-attempt intubation success rate. 

Secondary objectives included comparing overall 

intubation success, intubation time, and the incidence of 

immediate oropharyngeal injuries between the two 

techniques. This study aims to provide procedure-speci�c 

evidence to guide optimal airway management in thyroid 

surgery patients with anticipated di�cult intubation.

Eligible patients had an ASA physical status of I or II and 
demonstrated at least one airway predictor such as limited 
neck mobility, short thyromental distance, restricted 
mouth opening, visibly enlarged goiter, or obesity. Patients 
with neck trauma, cervical spondylopathy, emergency 
surgical indications, pre-existing oropharyngeal or 
laryngeal pathology, or signi�cant cardiovascular or 
respiratory disease were excluded. After written informed 
consent, enrolled patients were randomized into two 
groups using computer-generated numbers. Group A 
underwent endotracheal intubation with conventional 
direct laryngoscopy, performed by extending the proximal 
cervical spine and �exing the distal cervical spine to align 
the oral, pharyngeal, and laryngeal axes. A Macintosh blade 
was used to retract the tongue and expose the glottis for 
endotracheal tube placement. Group B underwent 
intubation using a video laryngoscope, which permitted 
visualization of the vocal cords without the need for 
extensive neck extension. All intubations were carried out 
by experienced anesthetists trained in both techniques. 
Baseline demographic and clinical variables, including age, 
gender, BMI, diabetes mellitus, hypertension, COPD or 
asthma, ASA class, Mallampati score, and airway 
predictors, were recorded. Cormack–Lehane grading, 
intubation method, �rst-attempt intubation success, 
overall success, number of attempts, intubation time 
measured in seconds, and the presence or absence of 
immediate oropharyngeal injuries (bleeding or soft tissue 
injury) were documented. The CONSORT �ow diagram is 
given (Figure 1).
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Figure 1: CONSORT Flow Diagram 

Data analysis was performed using SPSS version 26. 
Categorical variables (gender, comorbidities, ASA class, 
Mallampati class, airway predictors, Cormack–Lehane 
grade categories, �rst-attempt success, overall success, 
number of attempts, immediate oropharyngeal injury) were 
expressed as frequencies and percentages, while 
continuous variables (age, body mass index, intubation 
time) were summarized as means with standard deviations. 
Normality of quantitative variables was assessed by using 
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Independent t-test used for continuous variables; Pearson's Chi-

square test applied for categorical variables. COPD: chronic 

obstructive pulmonary disease; ASA: American Society of 

Anesthesiologists

R E S U L T S

The mean age of the patients was 44.54 ± 7.78 years, with 

22 (36.7%) patients aged 18 to 40 years and 38 (63.3%) aged 

41 to 60 years. Gender distribution was comparable, with 26 

(43.3%) males and 34 (56.7%) females overall. The mean 

body mass index was 27.67 ± 2.32 kg per m² in the 

conventional laryngoscopy group and 28.91 ± 2.04 kg per m² 

in the video-laryngoscopy group (Table 1).

Table 1: Baseline Demographics and Clinical Characteristics by 

Intubation Method

Intubation performance showed more favorable laryngeal 

view with video laryngoscopy, with Cormack–Lehane grade 

I observed in 4 (13.3%) patients in the conventional group 

compared with 18 (60.0%) in the video-laryngoscopy group 

(p=0.002). First-attempt intubation success was higher 

with video laryngoscopy, achieved in 28 (93.3%) patients 

compared with 18 (60.0%) in the conventional group 

(p=0.002). Overall success remained high in both groups at 

28 (93.3%) versus 30 (100.0%) (p=0.150). Immediate 

oropharyngeal injuries occurred in 2 (6.7%) patients in the 

video-lar yngoscopy group and 6  (20.0%) in  the 

conventional group (p=0.129). Mean intubation time was 

45.13 ± 8.38 seconds with video laryngoscopy and 39.20 ± 

9.83 seconds with conventional laryngoscopy (p=0.015) 

(Table 3).

Airway assessment showed Mallampati Class I in 4 (13.3%) 

versus 2 (6.7%), Class II in 14 (46.7%) versus 6 (20.0%), Class 

III in 10 (33.3%) versus 16 (53.3%), and Class IV in 2 (6.7%) 

versus 6 (20.0%) for the conventional and video-

laryngoscopy groups, respectively. Limited neck mobility 

was present in 10 (33.3%) versus 12 (40.0%) (Table 2).
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the Shapiro–Wilk test. Differences in categorical outcomes 
between the two groups were analyzed using the Chi-
square test. Continuous variables were compared using 
the Independent Samples t-test. A p-value less than 0.05 
was considered statistically signi�cant.

p-
valueVariables

Group A:
Conventional 

Laryngoscopy
(n=30), Mean ±

SD/ n (%)

Group B: Video
Laryngoscopy
(n=30), Mean ± 

SD/ n (%)

Category

Years

18–40 Years

41–60 Years

Male

Female

I

II

kg/m²

Yes

Yes

Yes

44.47 ± 7.66

12 (40.0%)

18 (60.0%)

14 (46.7%)

16 (53.3%)

10 (33.3%)

20 (66.7%)

27.673 ± 2.320

8 (26.7%)

10 (33.3%)

4 (13.3%)

44.60 ± 8.02

10 (33.3%)

20 (66.7%)

12 (40.0%)

18 (60.0%)

16 (53.3%)

14 (46.7%)

28.907 ± 2.037

6 (20.0%)

8 (26.7%)

6 (20.0%)

Age

Age Group

Gender

ASA Physical
Status

Body Mass Index

Diabetes Mellitus

Hypertension

COPD/Asthma

0.948

0.592

0.602

0.118

0.033

0.542

0.573

0.488

Table 2: Airway Assessment and Predictors of Anticipated 

Di�cult Intubation by Intubation Method

p-
valueVariables

Group A:
Conventional 

Laryngoscopy
(n=30)

Group B: Video
Laryngoscopy

(n=30)
Category

Mallampati Class

Limited Neck
Mobility

4 (13.3%)

14 (46.7%)

10 (33.3%)

2 (6.7%)

10 (33.3%)

I

II

III

IV

Yes

2 (6.7%)

6 (20.0%)

16 (53.3%)

6 (20.0%)

12 (40.0%)

Short Thyromental
Distance <6 cm

10 (33.3%)Yes 8 (26.7%)

0.064

0.592

0.573

Limited Mouth
Opening <3 cm

Visibly Large Goiter 20 (66.7%)

6 (20.0%)

Yes

Yes

26 (86.7%)

10 (33.3%)

6 (20.0%)Yes 10 (33.3%)

Obesity
(BMI>30 kg/m²)

0.243

0.067

0.243

Independent t-test used for continuous variables; Pearson's Chi-

square test applied for categorical variables

Table 3: Intubation Performance Outcomes by Intubation Method 

(Group A: Conventional Lar yngoscopy; Group B: Video 

Laryngoscopy; n=60)

p-
valueVariables Category

Cormack–
Lehane Grade
(First Attempt)

Test 
Statistic

 / t)χ( ²

Group B
(n=30)

Group A
(n=30)

I

IIa

IIb

III

Yes

Yes

1

2

≥3

Present

Mean ± SD

First-Attempt
Intubation 

Success

Immediate
Oropharyngeal

Injury

Intubation
Time (Seconds)

Overall Intubation
Success

Number
of Intubation

Attempts

4 (13.3%)

8 (26.7%)

10 (33.3%)

8 (26.7%)

18 (60.0%)

28 (93.3%)

18 (60.0%)

8 (26.7%)

4 (13.3%)

6 (20.0%)

39.20 ± 9.83

18 (60.0%)

6 (20.0%)

4 (13.3%)

2 (6.7%)

28 (93.3%)

30 (100.0%)

28 (93.3%)

2 (6.7%)

0 (0.0%)

2 (6.7%)

45.13 ± 8.38

χ²
=15.366

χ²
=9.317

χ²
=2.069

χ²
=9.774

χ²=
2.308

t=
−2.515

0.002

0.002

0.150

0.008

0.129

0.015

Independent t-test used for continuous variables; Pearson's Chi-

square test applied for categorical variables

D I S C U S S I O N

This randomized comparison of video laryngoscopy and 

conventional direct laryngoscopy in adults undergoing 

thyroid surgery with anticipated di�cult intubation 

showed that video laryngoscopy provided a substantially 

better laryngeal view and a markedly higher �rst-attempt 

success rate. Cormack–Lehane grade I views were 



achieved in 18 patients (60.0%) with video laryngoscopy 

compared with 4 (13.3%) with conventional laryngoscopy 

(p=0.002), and �rst-attempt success increased from 18 

(60.0%) to 28 (93.3%) (p=0.002). Overall success remained 

high in both groups at 93.3% and 100.0%, whereas 

immediate oropharyngeal injury was numerically lower 

with video laryngoscopy, 2 (6.7 %) versus 6 (20.0%), and 

mean intubation time was modestly prolonged from 39.20 ± 

9.83 seconds to 45.13 ± 8.38 seconds (p=0.015). The glottic 

visualization in the present trial is consistent with and 

directionally similar to previous studies. Downey et al. 

r e p o r t e d  t h a t  v i d e o  l a r y n g o s c o p y  y i e l d e d 

Cormack–Lehane grade I views in 98% compared with 44% 

with direct laryngoscopy (p<0.001) [14]. Mohammed et al. 

likewise found that video laryngoscopy converted glottic 

views to grade I in 51.5 % versus 9.1 % patients intubated 

with direct laryngoscopy (p<0.001) [15]. In a larger 

randomized series, Kriege et al. reported that video 

laryngoscopy shifted the Cormack–Lehane distribution to 

84.6 % grade I views compared with 36.9% grade I views 

with direct laryngoscopy (p<0.001) [10]. The increase in 

grade I views from 13.3% to 60.0% in the present series falls 

within this spectrum. In this study, �rst-attempt success 

rose from 60.0% with conventional laryngoscopy to 93.3 % 

with video laryngoscopy (p=0.002). Similar patterns have 

been reported by Downey et al. who documented �rst-

attempt success of 90% versus 44% for video versus direct 

laryngoscopy (p<0.001) [14]. Larger meta-analyses 

corroborate these �ndings: Vargas et al. reported that 

video laryngoscopes reduced di�cult intubation, with a 

pooled risk ratio of 0.48 (95% CI 0.35–0.65) and modestly 

increased �rst-attempt success (risk ratio 1.03, 95 % CI 

1.00–1.07) [16]. In the present study, �rst-attempt success 

appears greater than the pooled averages in these reviews, 

likely re�ecting the combination of anticipated di�cult 

anatomy and the focused use of video laryngoscopy in a 

high-risk thyroid surgery population. In this trial, overall 

success reached 93.3% with conventional laryngoscopy 

and 100.0 % with video laryngoscopy, comparable to the 

99% versus 92% overall success and 97.8% versus 77.8% 

success in the di�cult-view subgroup reported by 

Jungbauer et al. with video laryngoscopy versus direct 

laryngoscopy (p=0.017 and p<0.001, respectively) [17]. Polo 

et al. found that video laryngoscopy improved �rst-attempt 

success with a pooled risk ratio of 1.12 (95% CI 1.04–1.21) and 

dental injuries (risk ratio 0.32, 95% CI 0.16–0.67) across 15 

randomized trials involving 4582 intubations [18]. 

Immediate oropharyngeal injury in the present study was 

less frequent with video laryngoscopy, occurring in 6.7 % 

compared with 20.0 %, consistent with previous literature. 

Liu et al. reported that lip or mucosal trauma was present in 

50 % patients intubated with conventional laryngoscopy 

versus 10 % with video laryngoscopy (p<0.05) [11]. Taboada 

et al. found that oral trauma occurred in 21.4% Macintosh 

patients versus 5% video laryngoscopy (p=0.012) [19]. 

Meta-analysis has con�rmed lower airway trauma with 

video laryngoscopy, with Lewis et al. documenting reduced 

laryngeal or airway trauma (odds ratio 0.68, 95% CI 

0.48–0.96) and hoarseness (odds ratio 0.57, 95 % CI 

0.36–0.88) [20]. In this study, mean intubation time 

increased by approximately 6s with video laryngoscopy, 

from 39.20 ± 9.83 to 45.13 ± 8.38 seconds (p=0.015). Downey 

et al. similarly reported longer intubation times with video 

laryngoscopy, 37.82 ± 5.21 versus 35.18 ± 4.21s (p=0.006) 

[14]. In contrast, Jungbauer et al. found shorter total 

intubation time with video laryngoscopy, 40 ± 31 versus 60 ± 

77 (p=0.017), and Liu et al. reported that video laryngoscopy 

reduced intubation time from 68.8 ± 26.6s with direct 

laryngoscopy to 29.8 ± 22.3s in di�cult thyroid airways [17]. 

In thyroid surgery with goiter and tracheal deviation, the 

combination of improved view and more complex tube 

steering likely explains the small increase in time observed 

here, which appears clinically acceptable in the context of 

much higher �rst-pass success. These �ndings carry 

important implications for clinical practice in thyroid 

surger y with anticipated di�cult air ways. Video 

laryngoscopy in this setting converted a high proportion of 

challenging airways with Mallampati class III–IV, large 

goiters, and obesity into laryngoscopies with grade I or IIa 

views and raised �rst-attempt success to over 90%, while 

maintaining 100% overall success and a numerically lower 

rate of oropharyngeal injury. The combination of fewer 

attempts and better views is particularly relevant in thyroid 

surgery, where repeated instrumentation may increase the 

risk of laryngeal trauma. When considered alongside the 

broader evidence from elective surgery, di�cult airway 

management, and critical care, showing reduced failed 

i n t u b a t i o n s  a n d  l e ss  d e n t a l  t r a u m a  w i t h  v i d e o 

laryngoscopy [18].

This trial had several methodological strengths. It was a 

prospective randomized comparison with clearly de�ned 

inclusion criteria for anticipated di�cult intubation in 

thyroid surgery, with balanced baseline demographic and 

air way characteristics between groups. Detailed 

d o c u m e n t a t i o n  o f  m u l t i p l e  a i r w a y  p r e d i c t o r s , 

Cormack–Lehane grades, number of attempts, success 

rates, and immediate oropharyngeal complications 

allowed a nuanced assessment in a clinically relevant high-

risk population. However, the study was conducted at a 

single center with a relatively small sample size, which 

limits statistical power for less frequent outcomes and may 

restrict generalizability beyond elective thyroid surgery. 

Peri-intubation hemodynamic responses were not 

measured in the present trial. Future research should 

PJHSL VOL. 7 Issue. 06 June 2026
29

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v7i6.3692

Video Laryngoscopy Versus Conventional Laryngoscopy in Anticipated Di�cult Intubation 
Riaz U et al.,



PJHSL VOL. 7 Issue. 06 June 2026
30

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

A u t h o r s ’ C o n t r i b u t i o n

C o n  i c t s o f I n t e r e s t

All the authors declare no con�ict of interest.

S o u r c e o f F u n d i n g

The authors received no �nancial support for the research, 

authorship and/or publication of this article.

Conceptualization: UR, FA

Methodology: SS, FA, M�

Formal analysis: UR, ZM, SS, AA

Writing and Drafting: UR, ZM, SS, AA, FA, M�

Review and Editing: UR, ZM, SS, AA, FA, M�

All authors approved the �nal manuscript and take 
responsibility for the integrity of the work

include larger multicenter trials across different surgical 

settings, incorporate operator experience strati�cation, 

and include hemodynamic and longer-term airway 

outcomes.
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Ureteroscopy (URS) is a minimally invasive procedure for ureteral stones, strictures, and 

tumors. Though generally safe, it carries a risk of postoperative urinary tract infections (UTIs), 

particularly with instrumentation or residual fragments. The optimal prophylactic antibiotic 

strategy remains debated. Objectives: To compare single- versus double-dose intravenous 

Ceftriaxone for preventing post-URS UTIs in patients with sterile preoperative urine. Methods: 

A prospective cohort study was conducted from 12 June to 11 December 2025, including 86 

patients aged 18–60 years undergoing URS for ureteric calculi (0.5–2.0cm) with negative urine 

cultures. Patients were allocated to two equal groups: Group A received a single 2g intravenous 

Ceftriaxone dose at anesthesia induction, and Group B received two doses, 24 hours 

preoperatively and at induction. Exclusion criteria included uncontrolled diabetes or 

hypertension, positive culture, and cephalosporin allergy. Data were collected by a standardized 

proforma. Postoperative UTI was de�ned clinically (fever >100°F, TLC >10×10⁹/L, pulse >100/min) 

and con�rmed by urine culture. Statistical analysis was performed using SPSS version 22.0; 

p<0.05 was considered signi�cant. Results: Baseline characteristics (age, BMI, gender) were 

comparable between groups (p>0.05). UTIs occurred in 11 patients (12.8%), with no signi�cant 

difference between Group A (16.3%) and Group B (13.9%) (p=0.74). Isolated organisms included E. 

coli, Enterococcus faecalis, Proteus mirabilis, and Enterobacter. No signi�cant associations 

were found with stone location, URS side, stenting, or diabetes. Conclusions: Single- and 

double-dose Ceftriaxone equally prevent post-ureteroscopy UTIs in sterile urine patients. 

Single-dose is a cost-effective, stewardship-friendly option. Further trials needed.
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Ureteroscopy (URS) has evolved into a fundamental 

minimally invasive approach for diagnosing and treating 

upper urinary tract conditions, including ureteral and renal 

stones, strictures, and urothelial tumors. This evolution 

has been driven in part by advancements in holmium laser 

technology and the widespread availability of rigid, semi-

rigid,  and �exible ureteroscopes with enhanced 

maneuverability and visualization capabilities [1]. Ureteric 

colic, most often caused by ureteric or migratory kidney 

stones, remains a common cause for emergency urological 

consultations. Lower pole stones, which are found in 

around 35% of cases, have the lowest likelihood of passing 

on their own. These residual fragments can also be 

managed with �exible ureterorenoscopy with laser 

lithotripsy [2]. Clinical guidelines from the EAU and AUA 

recommend URS as �rst-line therapy for symptomatic 

ureteral stones in most patients, except in those with 

severe comorbidities or uncontrolled urinary tract 

infections [3]. However, URS can introduce bacteria into 

the urinary tract via surgical instruments or retained stone 

fragments, thereby increasing the risk of postoperative 

UTIs and urosepsis [4]. Postoperative UTIs and surgical 

site infections are among the most common complications 

and signi�cantly impact patient morbidity. Currently, 



M E T H O D S

This prospective cohort study was performed to assess the 
effectiveness of single versus double-dose antibiotic 
prophylaxis in preventing postoperative urinary tract 
infections (UTIs) in patients undergoing URS. The study 
was carried out in the Department of Urological Surgery 
and Transplantation, Ward 19, Jinnah Postgraduate Medical 
Centre (JPMC), Karachi, from 12th June till 11th December, 
2025. Ethical approval from the Institutional Review Board 
was also obtained with ref no: NO.F.2-81/2025-
GENL/298/JPMC; dated 29th May, 2025. A total of 86 
patients were enrolled as per the inclusion criteria. 
Patients were allocated sequentially into two equal groups 
of 43 using a blindfolded allocation process to ensure 
balanced group distribution. The sample size was 
calculated using PASS 2020 Power Analysis and Sample 
Size Software (NCSS, LLC, Kaysville, Utah, USA), which 
determined that a sample of 86 would provide 83.06%. The 
study was powered to detect a 5% difference in 
postoperative UTI incidence between the two groups, with 
a  signi�cance level  set  at  0.05 with a  basel ine 

recommended prophylaxis for URS includes antibiotics like 

�uoroquinolones and trimethoprim-sulfamethoxazole 

(TMP-SMX) as �rst-line options. Alternative agents include 

a m i n o g l y c o s i d e s  ( w i t h  o r  w i t h o u t  a m p i c i l l i n ) , 

amoxicillin/clavulanate, and �rst- to third-generation 

cephalosporins [5]. However, due to the lack of consensus 

and validated data, there remains a need to evaluate the 

e�cacy of perioperative antibiotic prophylaxis in URS [6]. 

Multiple RCTs have shown different and inconsistent 

results. For instance, one study proved a signi�cant 

reduction in postoperative UTI after extended antibiotic 

prophylaxis instead of standard �uoroquinolone-based 

regimens, but several other studies did not prove any 

signi�cant bene�t of antibiotic prophylaxis, especially in 

the low-risk patient group [7, 8]. In addition, guidelines in 

different urological societies vary due to the scarcity of 

randomized controlled trials and differences in their 

recommendations on prescribing antibiotic regimens and 

duration of prophylaxis needed for URS [9, 10].

Despite these differences, several studies continue to 

advocate for a single preoperative antibiotic dose, with 

extra doses deemed unnecessary. Therefore, to address 

this con�ict in the context of clinical practice in Pakistan, 

and considering the rising antibiotic resistance as well as 

the need for cost-effective strategies in resource-limited 

healthcare settings, this study was conducted. This study 

aimed to compare the effectiveness of single-dose versus 

double-dose antibiotic prophylaxis in preventing 

postoperative UTIs in patients undergoing URS with 

negative preoperative urine cultures in the local 

population.

postoperative UTI rate of 25% [11]. The inclusion criteria 
comprised male and female patients aged 18 to 60 years 
with controlled diabetes mellitus and hypertension, 
undergoing URS for ureteric calculi measuring between 0.5 
and 2.0 cm in size, located in the upper, middle, or distal 
ureter. Only patients with a negative preoperative urine 
culture were included. Exclusion criteria were a positive 
urine culture, age below 18 or above 60 years, uncontrolled 
or severe diabetes or hypertension, known allergy to 
cephalosporin, or any other contraindication to the use of 
the study antibiotics. Written informed consent was taken, 
and then patients were divided into two groups based on 
the prophylactic antibiotic regimen. Group A consisted of 
patients who received a single dose of 2 grams of 
intravenous Ceftriaxone, which was administered at the 
time of anesthesia induction. Group B consisted of patients 
who received two doses of 2 grams of intravenous 
Ceftriaxone, of which one was administered 24 hours 
before the surgery and the second was given at the time of 
anesthesia induction. Data were obtained by �lling out a 
proforma, which included demographic details, medical 
history, intraoperative and postoperative data, and 
outcomes. The primary endpoint was the rate of urinary 
tract infections following surgery, diagnosed clinically (TLC 
> 10.0 x 109/L, Temp: >100oF, Pulse rate > 100 beats per 
minute and con�rmed through urine culture and sensitivity 
testing. The study was conducted in accordance with all 
ethical standards. Before being included in the study, 
written informed consent was obtained from all the 
patients. Patient con�dentiality was strictly taken care of 
throughout the study, and all efforts were made to avoid 
misconduct and to protect participants' rights and welfare.
SPSS version 22.0 was used for statistical analysis. The 
incidence of UTIs in the two groups was compared using 
the chi-square test. A p-value below 0.05 was considered 
statistically signi�cant.
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Participant characteristics were comparable between the 
single-dose and double-dose groups. Mean age and BMI 
showed no statistically signi�cant differences (Age: 41.2 ± 
8.45 vs. 41.9 ± 7.76 years, p=0.77; BMI: 25.9 ± 3.56 vs. 27.7 ± 
3.38, p=0.06). Gender distribution was also comparable, 
minimizing potential confounding effects on study 
outcomes, with males representing approximately half of 
each group (53.5% vs. 55.8%, p=0.82), as shown in table 1.
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Table 1: Demographic Characteristics of the Participants (n=86)

Variables Group n Mean ± SD / % p-value

Group 1 (Single Dose)

Group 2 (Double Dose)

Group 1 (Single Dose)

Group 2 (Double Dose)

Group 1 (Single Dose)

43

43

43

43

Male: 23

41.2 ± 8.45

41.9 ± 7.76

25.9 ± 3.56

27.7 ± 3.38

53.5%

Age

BMI

Gender

0.77

0.06

0.82
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A total of eleven patients developed postoperative UTIs, 

either clinically or based on positive urine cultures. 

Statistical analysis by applying the Chi-square test showed 

no signi�cant variation in postoperative UTIs incidence 

between the groups (p=0.74), as shown in �gure 1.

one showed Enterococcus faecalis, and one was negative, 

as shown in �gure 3.

In Group 1, seven patients (16.27%) experienced a UTI. One 

patient developed urosepsis, with urine culture revealing 

growth of Enterobacter cloacae. The remaining six cases 

reported symptoms typical of lower urinary tract issues 

consistent with cystitis; urine cultures identi�ed E. coli in 

four patients, Proteus mirabilis in one, and one culture 

remained sterile, as shown in �gure 2. 
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Figure 1: Frequency of Postoperative UTIs

Group 2 (Double Dose)

Female: 20

Male: 24

Female: 19

46.5%

55.8%

44.2%

Figure 2: Number of Infected Cases and Organisms Involved in 

Group 1

Whereas in Group 2, six patients (13.9%) exhibited 

symptoms of postoperative UTIs. Pyelonephritis was 

diagnosed in two patients - one of them had a positive 

culture for E. coli, while the other had no growth. Four 

patients presented with cystitis; two cultures grew E. coli, 

Figure 3: Number of Infected Cases and Organisms Involved in 

Group 2

All infections were managed successfully with appropriate 

antimicrobial therapy, and patients were discharged home in 

clinically stable condition post-therapy

A comparative analysis of surgical factors and infection 

risks between Group 1 and Group 2 is presented. There were 

no statistically signi�cant differences between Group 1 and 

Group 2 regarding stone location, URS side, postoperative 

stent placement, or diabetes mellitus. Chi-square tests 

were used for comparisons involving stone location, URS 

side, and stent placement. Fisher's exact test was applied 

for diabetes mellitus due to the low frequency of positive 

cases, as shown in table 2.

Table 2: Comparison of Surgical Factors and Infection Risk 

Factors

Variables Category p-valueGroup 2 (n=43Group 1 (n=43)

Upper Ureter

Mid Ureter

Lower Ureter

Right

Left

Yes

No

Yes

No

9 (20.9%)

5 (11.6%)

29 (67.4%)

22 (51.2%)

21 (48.8%)

34 (79.1%)

9 (20.9%)

2 (4.7%)

41 (95.3%)

11 (25.6%)

9 (20.9%)

23 (53.5%)

20 (46.5%)

23 (53.5%)

37 (86.0%)

6 (14.0%)

1 (2.3%)

42 (97.7%)

Stone Location

URS Side

Postoperative
Stent

Diabetes
Mellitus

0.33

0.67

0.39

0.55

In summary, the results of this study suggest that single-dose and 
double-dose antibiotic prophylaxis regimens are equally effective 
in preventing postoperative UTIs following ureteroscopy stone 
management in patients with urine cultures taken pre-procedure 
showing no bacterial growth. The incidence of postoperative UTIs 
was low and statistically comparable among both groups, with no 
statistically signi�cant variations obser ved in patient 
demographics, stone characteristics, or perioperative factors. 
These �ndings suggest that an antibiotic given as a single-dose 
regimen may be a su�cient and potentially more cost-effective 
approach for infection prevention in selected patients 
undergoing URS.



To address ureteral stone diseases, ureteroscopy is 

commonly used, but like every procedure, it too carries the 

risk of postoperative UTIs. In the current cohort, 11 of 86 

patients (12.8%) developed postoperative urinary tract 

infections, including cystitis, pyelonephritis, and even life-

threatening urosepsis; this infection rate falls within the 

range reported in previous studies, which vary from 

approximately 2% to 33% depending on patient population, 

study design, and the use of ureteral stents. [12, 13]. As 

patients with speci�c risk factors were included in the 

current study, this explains the slightly increased infection 

rate in the current cohort. In the patient who had a post-

procedural ureteral stent placed, 5 out of 71 (7.04%%) 

developed a postoperative UTI. This may be partially 

explained by microbial adherence and subsequent bio�lm 

development on the stent external layer, a phenomenon 

observed in up to 25% of cases, depending on the stent 

dwell time [14]. However, despite bacterial presence, only 

around 10% of colonized stents lead to positive urine 

cultures [15], which is consistent with our �ndings as well. 

Multiple recent studies have demonstrated that 

prophylactic antibiotics do not prevent bacterial 

colonization of ureteral stents, indicating that antibiotics 

have limited utility in this context. [16-18]. Nonetheless, 

stent colonization does not consistently result in 

symptomatic infection, particularly in immunocompetent 

patients. The current study results indicated that 14 

patients (16.3%) had preoperative ureteral stents, 9 in 

Group 1 (20.9%) and 5 in Group 2 (11.6%). Although this 

difference was not statistically signi�cant (p=0.21), only 

one stented patient (8.5%) developed a postoperative UTI, 

suggesting that pre-stenting alone does not signi�cantly 

increase infection risk in our cohort. These �ndings are in 

close agreement with the randomized controlled trial by 

Damavand et al. [19]. The current study found that 

preoperative ureteral stenting was not signi�cantly 

associated with postoperative UTIs (8.5% infection rate in 

stented patients; p=0.21), suggesting that pre-stenting 

alone may not meaningfully elevate infection risk. This 

result aligns with Jennings et al.  who compared 

single-dose preoperative antibiotics to combined pre- and 

postoperative dosing in URS: they observed postoperative 

UTI rates of 10% in the single-dose cohort versus 9.8% in 

the double-dose cohort (p=0.15), and reported that risk 

factors like preoperative stenting did not predict infection 

outcomes. Both studies together imply that a single 

preoperative antibiotic dose may be su�cient for stented 

patients and that extending antibiotics postoperatively has 

limited bene�t [20]. Selection of an antibiotic for 

prophylaxis should be based on a variety of factors like 

agents' mechanism of action, site of action, tolerability, 

cost effectiveness, and low resistance. Among the 

a n t i b i o t i c s  t h a t  a r e  b r o a d l y  p r e s c r i b e d  a r e 

�uoroquinolones, aminoglycosides, and cephalosporins 

due to their broad-spectrum coverage, long serum half-

lives, lower side-effect pro�les, and cost-effectiveness. 

Particularly in the prevention of genitourinary infections, 

�uoroquinolones and cephalosporins provide comparable 

e�cacy [21, 22].

In today's world, it is necessary to create a standardized 

antibiotic policy based on the local resistance pro�le. This 

not only addresses local resistance trends but also avoids 

unnecessary antibiotic use, thereby limiting rising 

resistance. The emergence of resistant organisms such as 

MRSA, Pseudomonas aeruginosa, and Stenotrophomonas 

maltophilia highlights the growing challenge. Hence, 

prophylactic antibiotic use should be restricted to clearly 

indicated scenarios to preserve antimicrobial e�cacy for 

future use.
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Single-dose antibiotic prophylaxis regimen appears to be 

as effective as double-dose prophylaxis in postoperative 

UTIs in patients undergoing ureteroscopy with negative 

preoperative urine cultures. The overall infection rate 

remained pretty low in each group, and no statistically 

signi�cant differences were observed in the occurrence of 

infection, demographic pro�les, or perioperative risk 

factors. These �ndings support the adoption of a single-

dose prophylactic strategy as a safe and cost-effective 

option, especially in resource-limited healthcare settings.
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Informed Consent is well-established and standard protocol in clinical practice, ensuring that 

patients are autonomous in making decisions and know about the bene�ts, risks, and 

alternatives to the procedure. Objectives: To determine the knowledge, practices, and barriers 

of informed consent among medical and surgical postgraduate residents of the tertiary care 

hospitals in Peshawar, Khyber Pakhtunkhwa (KP), Pakistan. Methods: An analytical cross-

sectional study was conducted from July 2025 to September 2025 among 294 medical and 

surgical postgraduate residents in public and private hospitals in Peshawar through a self-

structured questionnaire, using convenience sampling, and analyzed by SPSS version 27.0.  
Results: 65% of postgraduate residents were aware of informed consent, especially legal 

requirements and ethical principal 92.9% and 91.8% respectively, while lower for assessing 

decision capacity (36.7%) and voluntariness (21.4%). Practice levels were lower than the 

knowledge level, despite the frequent use of standardized forms and veri�cation of 

understanding. Language barriers (74.1%) and time constraints (58.5%) were key obstacles in 

obtaining informed consent. Knowledge signi�cantly correlated with department (p=0.018), 

while practice signi�cantly correlated with formal training in informed consent (p=0.010), but 

not age. Barriers showed no signi�cant associations with department or training year.  

Conclusions: Regardless of the high knowledge of informed consent among residents, it was 

moderately practiced in hospitals, with a weakness in assessing decision-making and 

voluntariness. Language barriers and time constraints embarrass the practice of informed 

consent. Structured training and barrier mitigation could bridge this knowledge-practice gap 

and strengthen the practice of informed consent. 
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Informed consent is one of the most important topics in 

bioethics literature, which emphasizes the patient's 

involvement in health decisions, embodying their opinion 

and viewpoints to strengthen the doctor-patient 

relationship. Informed Consent is well-established and 

standard protocol in clinical practice. [1] The concept of 

informed consent is more linked to a surgical specialty than 

to other therapeutic �elds because it is mandatory to take 

informed consent from the patient before a surgical 

procedure. While the indication and necessity for obtaining 

consent in clinical practice are the same worldwide, the 

process of taking it differs from place to place [2, 3]. Many 

perceive informed consent as a mere medicolegal ritual 

rather than a fully participatory decision-making process, 

which is usually carried out as a short preparatory routine. 

Most of the respondents in a study indicated that informed 



consent feels foreign to the African psyche, yet they did not 

consider insistence on informed consent by doctors as 

constituted cultural insensitivity. While most Nigerian 

surgeons demonstrate understanding of the informed 

consent process, they often lack practical experience, 

highlighting the need to modernize the surgeon-patient 

connection [1]. Obtaining informed consent is a vital and 

required skill in medical training, yet many residents 

receive minimal formal training regarding the importance 

and necessity of informed consent. and [4-6]. Some senior 

medical students in New Zealand admitted to performing 

sensitive examinations on patients without their 

knowledge or agreement [7]. Similarly, a study conducted 

in the United States of America found that the lack of 

con�dence and competence in their abilities to obtain 

informed consent in undergraduate and postgraduate 

medical students [8]. A study conducted in Cairo, Egypt, 

indicated that informed consent in hospitals is often 

treated as a formal procedure rather than a genuine  

connection between physician and patient [9]. Earlier 

research suggests that many healthcare professionals 

believe providing full information to the patient renders 

formal consent unnecessary [10, 11]. A U.S study of �rst-

year surgical residents showed that few could accurately 

identify the risks, advantages, and alternatives for any of 

the procedures, with less than half addressing common 

patient queries correctly. Surgical faculty must dedicate 

more time to training �rst-year residents on the challenges 

involved in providing informed consent for treatments [12]. 

Despite many surgical residents and faculty understanding 

the signi�cance of the informed consent process, they still 

faced persistent challenges, including inadequate 

communication, legal pressures, time constraints, and 

poor scheduling of informed consent discussions [13]. 

Despite high global knowledge of informed consent as a 

fundamental ethical requirement in medical practice, no 

prior studies in Peshawar, Khyber Pakhtunkhwa, Pakistan, 

have systemically evaluated postgraduate medical and 

surgical residents knowledge, real-world practices and 

barriers to effective implementation in tertiary care 

hospitals Local research elsewhere in Pakistan and nearby 

regions highlight discrepancies between theoretical 

understanding and application such as inadequate 

documentation, time constraints, training gaps or cultural 

factors yet leaves this critical group explored, potentially 

comprising patient safety and exposing institution to 

medicolegal risks. This study aimed to evaluate knowledge 

and practices of informed consent among medical and 

surgical postgraduate residents of the tertiary care 

hospitals in Peshawar, identify barriers to effective 

implementation, and provide insights to enhance training 

programs and improve patient care in the region. 

PJHSL VOL. 7 Issue. 06 June 2026
39

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

Figure 1: Sample Size Calculation Using Openepi Showing a 

Minimum Required Sample of 278 Participants at a 95% 

Con�dence Level and 5% Margin of Error

The questionnaire was developed by the study authors 

based on a review of prior literature on informed consent 

among healthcare professionals [14-16]. No single existing 

validated instrument was fully adopted, as available tools 

were primarily designed for general healthcare workers or 

surgical patients in other regions and required adaptation 

to focus on postgraduate medical and surgical residents in 

Pakistani tertiary hospitals. The �nal questionnaire 

comprised four sections: (1) sociodemographic variables, 

(2) knowledge of informed consent (9 items), (3) practice 

related to obtaining informed consent (11 items), and (4) 

perceived barriers (10 items). Knowledge and practice 

items were scored binarily (1 point for ''yes'' responses 

indicating correct knowledge or reported good practice,0 
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M E T H O D S

This analytical cross-sectional study was conducted from 

July to September 2025 across public and private teaching 

hospitals in Peshawar, Pakistan, to evaluate informed 

consent competency among 294 postgraduate residents in 

Medicine and Allied specialties and Surgery and Allied 

specialties. A sample size of 278 residents was calculated 

using OpenEpi (95% con�dence level and a �nite 

population of 1000. To account for potential incomplete 

responses or data loss, data were collected from 294 

residents. Postgraduate trainees who consented to 

participate were included, while those unwilling to 

participate or working in the emergency department were 

excluded. Data were collected through a convenience 

sampling technique using a self-structured questionnaire 

with closed-ended questions (Figure 1).



for negative responses), enabling computation of total 

scores categorized as low, moderate, or high. Item-level 

responses informed detailed pro�les of speci�c 

components. Total scores for knowledge (9 items, 

maximum 9) and practice (11 items, maximum 11), and 

Perceived Barriers (10 items, maximum 10) were converted 

to percentages of the maximum possible score. Levels 

were categorized using widely adopted standard cut-offs 

i n  s i m i l a r  k n o w l e d g e ,  a t t i t u d e ,  a n d  p r a c t i c e

(KAP) studies: low (<50%), moderate (50–69%), and high 

(≥70%).  Ethical  approval  was obtained from the 

Institutional Review Board and Ethical Committee of 

Alliance Healthcare Private Ltd (Northwest General 

Hospital & Research Centre Ethics Committee) (Ref: 

IRB&EC/2025-GH/0261; dated 30th June, 2025). A pilot 

study was conducted with  20 residents (excluded from the 

�nal analysis) at Northwest General Hospital and Research 

Centre, Peshawar, to assess the validity and reliability of 

the self-structured questionnaire. Cronbach's alpha was 

used to ensure internal consistency of the items. yielding 

α=0.80 for the overall questionnaire, indicating good 

reliability. Informed consent was obtained from all 

participants through a consent form placed at the 

beginning of the questionnaire, and the con�dentiality of 

the participants was maintained. Data were collected using 

Google Forms and a paper-based questionnaire. Data were 

analysed in SPSS version 27.0. Descriptive statistics 

included frequencies, percentages for categorical 

variables, and means with standard deviation for 

continuous variables. Normality of age and total scores 

was assessed using the Shapiro-Wilk tests, which 

indicated non-normal distribution (p<0.05). Therefore, 

non-parametric tests were applied where appropriate. Chi-

square test was used to examine the association between 

nominal categorical variables (gender, training hospital, 

training department) and ordinal outcome levels 

(knowledge, practices, barrier). Kruskal-Wallis tests were 

applied for ordinal (training year) across the three outcome 

levels. Mann-Whitney U tests were used for two-group 

comparisons (medicine vs surgery department) on ordinal 

outcomes. All tests were two-tailed, with p<0.05 

considered statistically signi�cant.

Table 1: Sociodemographic Characteristics of the Participants 

(n=294)
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 Among the 294 participants, the mean age was 28.78 ± 2.56 

years, with 59.9% male and balanced representation 

across public (52%) and private (48%) hospitals, as well as 

m e d i c i n e /a l l i e d  ( 5 0 % )  a n d  s u rg e r y/a l l i e d  ( 5 0 % ) 

departments (Table 1).
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R E S U L T S

Frequency (%age)Variables Category

28.78 ± 2.56

176 (59.9%)

118 (40.1%)

153 (52%)

141 (48%)

147 (50%)

147 (50%)

108 (36.7%)

65 (22.1%)

68 (23.1%)

48 (16.3%)

05 (1.7%)

160 (54.4%)

134 (45.6%)

Mean ± SD

Male

Female

Public

Private

Medicine and Allied

Surgery and Allied

First

Second

Third

Fourth

Fifth

Yes

No

Age

Gender

Training Hospital

Training Department

Training Year

Formal Training
in Informed Consent

Among participants, 65.0% demonstrated high knowledge 

of informed consent, 29.9% moderate, and 5.1% low. In 

contrast, practice levels were more evenly distributed, with 

high 43.9% (n=129), moderate 38.1% (n=112), and low 18.0% 

(n=53), indicating a clear gap between higher knowledge 

than practice (Table 2). 

Table 2: Knowledge and Practice Level and Barrier Perceived 

Level of Postgraduate Trainees Regarding Informed Consent

Variables HighLow Moderate

Knowledge level

Practice level

Barrier Perceived level

15 (5.1%)

53 (18%)

8 (2.7%)

88 (29.9%)

112 (38.1%)

72 (24.5%)

191 (65.0%)

129 (43.9%)

214 (72.8%)

Knowledge was strongest for core formal aspects, such as 

legal requirements and ethical principles, but substantially 

weaker for critical ethical principles, including the 

a s s e s s m e n t  o f  d e c i s i o n - m a k i n g  c a p a c i t y  a n d 

voluntariness. Similarly, most residents reported good 

adherence to basic procedural practices such as using 

standardized forms, disclosure of risk, bene�t, or 

alternative, verification of understanding, and following 

institution protocol, yet considerably fewer utilized 

supportive tools and strategies such as visual aids, 

translators when needed, encouragement of patient 

questions, or routine involvement of family/guardians. The 

most common reported barriers to effective informed 

consent were language di�culties and time constraints for 

detailed discussion, followed by patient anxiety related to 

risk disclosure. Less frequently cited were cultural or 

institutional norms that minimize the consent process and 

are perceived as inadequate training. The results indicated 

that the training department was signi�cantly associated 

with the knowledge of informed consent at  the 

postgraduate residents' level (p=0.018), with a higher 

percentage of high knowledge in the medicine department 



(34.7%) compared to the surgery department (20.4%). On 

the other hand, the training hospital, the training year, and 

the formal training were not statistically signi�cant for the 

knowledge levels (p>0.05). In terms of the practice domain, 

the results indicated that the formal training was 

statistically signi�cant for the practice domain (p = 0.010), 

with a higher percentage for the high practice group in the 
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Table 3: Association of Knowledge and Practice Level Regarding Informed Consent Using Chi-Square Test

formal training group (51.9%) compared to the non-formal 

training group (34.3%). On the other hand, the training 

hospital, the training department, and the training year 

were not statistically signi�cant for the practice domain 

(p>0.05), with a higher percentage for good practice in the 

medicine department and the senior years (Table 3).

Variables HighLow ModerateCategories χChi-square ² p-value

Public

Private

Medicine

Surgery
st1
nd2
rd3
th4
th5

Yes

No

Public

Private

Medicine

Surgery

Yes

No
st1
nd2
rd3
th4
th5

10 (6.5%)

11 (7.8%)

11 (7.5%)

10 (6.8%)

7 (6.5%)

6 (9.2%)

6 (8.8%)

2 (4.2%)

0 (0%)

13 (8.1%)

8 (6.0%)

23 (15.0%)

30 (21.2%)

27 (18.4%)

26 (17.7%)

25 (15.6%)

28 (20.9%)

25 (23.1%)

9 (13.8%)

7 (10.3%)

11 (22.9%)

1 (20%)

101 (66%)

91 (64.5%)

85 (57.8%)

107 (72.8%)

72 (66.7%)

49 (75.4%)

38 (55.9%)

29 (60.4%)

4 (80%)

102 (63.8%)

90 (67.2%)

56 (36.6%)

56 (39.8%)

47 (32%)

65 (44.2%)

52 (32.5%)

60 (44.8%)

35 (32.4%)

33 (50.8%)

29 (42.6%)

14 (29.2%)

1 (20%)

42 (27.5%)

39 (27.7%)

51 (34.7%)

30 (20.4%)

29 (26.9%)

10 (15.4%)

24 (35.3%)

17 (35.4%)

1 (20%)

45 (28.1%)

36 (26.9%)

74 (48.4%)

55 (39%)

73 (49.7%)

56 (38.1%)

83 (51.9%)

46 (34.3%)

48 (44.4%)

23 (35.4%)

32 (47.1%)

23 (47.9%)

3 (60%)

Training Hospital

Training Department

Training Year

Formal Training

Training Hospital

Training Department
(Medicine/Surgery)

Formal Training

st thTraining Year (1 –5 )

Knowledge

Practice

0.190

8.013

10.164

0.646

3.23

5.152

9.126

12.274

0.909

0.018

0.254

0.724

0.198

0.076

0.010

0.139

There was a signi�cant association found between the level of Knowledge and the level of practice of informed consent. It 

was interesting to note that among the participants with a high level of Knowledge, 33.3% showed a low level of practice, and 

only 53.1% showed a high level of practice. On the other hand, among the participants with a moderate level of Knowledge, the 

majority showed a moderate level of practice (48.4%), and a signi�cant number showed a low level of practice (12.0%). This 

shows that though the level of Knowledge among the participants is generally moderate to high, the level of practice of 

informed consent is still low. Among postgraduate trainees, Knowledge regarding informed consent showed a strong and 

highly signi�cant relationship with perceived barriers. Trainees with greater Knowledge were noticeably more likely to 

experience fewer barriers in obtaining or applying informed consent, while those with low Knowledge consistently reported 

the highest levels of perceived barriers. This clear pattern suggests that a better understanding of informed consent 

principles is closely linked to feeling fewer practical, ethical, or systemic obstacles in clinical or research settings. In 

contrast, trainees with higher levels of practice did not show a strong reduction in perceived barriers compared to those with 

lower levels of practice. The correlation between the two was less direct and varied. This implies that doing the process more 

often does not guarantee perceiving fewer barriers (Table 4).

Table 4: Association of Knowledge and Practice Levels with Perceived Barrier Levels regarding Informed Consent among Postgraduate 

Residents (n=294)

Variables p-
value

Total,
n (%)

Chi-square
(df)

High Practice,
n (%)

Moderate
Practice, n (%)

Low Practice,
n (%)

High Barrier,
n (%)

Moderate
Barrier, n (%)

Low Barrier,
n (%)

<0.001

Category

Knowledge

Low

Moderate

High

0 (0%)

0 (0%)

8 (9.9%)

6 (28.6%)

34 (17.7%)

32 (39.5%)

15 (71.4%)

158 (82.3%)

41 (50.6%)

3 (14.3%)

23 (12.0%)

27 (33.3%)

8 (38.1%)

93 (48.4%)

11 (13.6%)

10 (47.6%)

76 (39.6%)

43 (53.1%)

21 (100%)

192 (100%)

81 (100%)

χ²=40.101



According to this study, postgraduate residents in 

Peshawar are typically informed of the legal and 

intellectual foundations of informed consent; however 

encounter it di�cult to deal with some of its ethical and 

practical aspects. Most people (65%) had high knowledge 

scores overall, especially when it came to legal criteria for 

consent (92.9%) and ethical standards (91.8%). Conversely, 

fewer residents showed knowledge of voluntariness 

(21.4%) and decision-making capacity (36.7%), which are 

essential elements of true consent. Despite the extensive 

use of standard consent forms (82.7%) and routine 

validation that patients comprehended information 

(95.6%), only 43.9% of respondents reported consistently 

high-quality consent processes in practice. Time 

restrictions (58.5%) and language barriers (74.1%) were the 

most frequently encountered barriers. Our data show that a 

majority (65.0%) of postgraduate residents reported high 

knowledge of informed consent. Consistent with our 

�ndings, numerous studies reveal that medical trainees 

typically have a thorough understanding of consent theory 

despite their lack of practical experience. In the Ugandan 

survey, almost all senior dentistry students (>97%) showed 

a good level of understanding of consent principles [18]. 

While qualitative research in Somalia showed fairly high 

knowledge of informed consent [19]. In comparison, some 

settings report signi�cantly less professional competence. 

An Ethiopian study found that around two-thirds of medical 

personnel had su�cient understanding of surgical 

informed consent [14]. In northeast India, just over half 

(56%) of junior physicians reported having "good 

knowledge" about the process for obtaining research 

consent [15]. Taken together, these comparisons indicate 

that although the general knowledge of residents is 

relatively high, there are still signi�cant gaps globally, 

particularly in low-resource settings. Residents were 

particularly aware of formal consent requirements, as seen 

by the 92.9% recognition of  legal/medico-legal 

requirements and the 91.8% recognition of ethical consent 

standards. The crucial ideas of voluntariness (21.4%) and 

patient decision capacity (36.7%), however, were far less 

well understood. This absence is concerning because 

obtaining valid consent necessitates not just disclosing 

information but also guaranteeing the patient 's 

competence and autonomy [19]. To put it another way, our 

�ndings point to a discrepancy: practically all trainees are 

aware of the procedural guidelines, almost all are aware 

that consent must be documented, yet only a small 

percentage understood that consent must be provided 

voluntarily and properly.  This is consistent with 

international clinical ethics recommendations that 

highlight capacity and voluntariness as essential 

components of legitimate consent [16]. The contradiction 

between action and knowledge is a signi�cant problem. 

Although the majority of the residents in our sample were 

aware of consent procedures, they only indicated a 

moderate level of adherence in practice (43.9%). However, 

in an Italian survey, 71% of physicians followed consent 

procedures completely [20]. According to an audit, even 

though the majority of patients had signed consent forms, 

only 64% of them comprehended the information 

completely, and only 24% were made aware of the risks 

associated with surgery 76% did not receive a risk 

discussion [21]. Such data reveals how often the consent 

procedure in practice diverges from ethical principles. 

Similarly, another research of emergency operations in 

Lahore found that only 59.5% of patients felt at ease with 

the consent process and that almost all forms were signed 

by family members rather than patients (only 1.6% of 

patients signed themselves) [22]. In contrast, some 

research indicates that self-reported consent processes 

are substantial. Likewise, 88.8% of Anaesthetists in 

Tertiary Care Hospitals of Karachi who participated in a 

survey reported following o�cial consent procedures, 

including disclosure and documentation. [23] Together, 

these �ndings imply that consistent application of consent 

often fails due to practical obstacles, even in cases where 

doctors are aware of it. Systemic pressures and 

communication challenges are the main barriers to 

appropriate consent in all contexts. Language barriers 

were the most frequently reported barrier in our sample 

(74.1%), which is consistent with earlier research on 

Pakistan. An Ethiopian study of healthcare professionals 

�nds that language barriers and a lack of interaction time 

were speci�cally the two main obstacles to getting 

appropriate informed consent [15]. Clinicians claim that 

language or literacy barriers prevent clear communication 

and that patients' families frequently control decision-

making [23].  Current results support a trend seen in recent 

research: while understanding of informed consent is 

often su�cient, systemic and practical barriers prevent its 

a p p l i c a t i o n.  C r u c i a l l y,  e t h i c a l  a n d  e d u c a t i o n a l 

interventions can have an impact in areas where 
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D I S C U S S I O N

Low

Moderate

High

4 (7.5%)

2 (1.8%)

2 (1.6%)

20 (37.7%)

17 (15.2%)

35 (27.1%)

29 (54.7%)

93 (83.0%)

92 (71.3%)

— — —

— — —

— — —

53

112

129

Practice
Level 0.001χ²=17.708

Overall, the results of this study have shown that knowledge of informed consent has a more powerful impact on reducing perceived 

barriers than simply increasing the frequency of practice alone



knowledge and practice disagree.

The analytical cross-sectional study design limits causal 

inference and temporal tracking of competency changes, 

while convenience sampling from Peshawar hospitals risks 

selection bias and restricts generalizability. Complications 

of noncompliance with informed consent practices and 

patient perspectives in their health decision were not 

addressed. Self-reported data are susceptible to social 

desirability and recall bias. Patient perspectives were not 

included, and department-speci�c subgroup analyses 

were not performed, representing areas for future 

research. Residency training programs must integrate 

mandatory and structured education on informed consent, 

including decision-making capacity. Simulation training 

and case discussion should target the inclusion of aspects 

of voluntariness veri�cation, simpli�cation of multilingual 

communication, and the inclusion of the family. Hospitals 

should adopt standardized multilingual consent forms (in 

Pashto, Urdu, and English), a time and space (such as a 

Consent/Counselling room) dedicated to consent, 

especially in busy departments, and interpreters or 

culturally competent staff. Audits of consent practices 

should be encouraged, and feedback from residents should 

be taken regularly.  This  wi l l  ensure continuous 

improvement and patient-centred ethical practice in 

hospitals.
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Our study concludes that postgraduate residents in 

Peshawar possess a high level of knowledge regarding 

i n f o r m e d  c o n s e n t .  H o w e v e r ,  a c t u a l  c l i n i c a l 

implementation is lacking in high-patient-in�ow hospitals. 

In the Pakistani tertiary care hospital, the most signi�cant 

barriers to the compliance of informed consent are the 

language barrier, lack of time, and high patient volume. 

There is a requirement for structured training of 

postgraduate residents, consent forms in multiple 

languages, and assignment at the policy level for consent 

discussions.
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Effective anesthesia is essential for the surgical removal of mandibular third molars. While the 

classical inferior alveolar nerve block is widely used, its success may be limited by anatomical 

variations. The Gow-Gates technique is considered a potential alternative offering broader 

mandibular anesthesia. Objectives: To evaluate and compare the classical inferior alveolar 

nerve block and Gow-Gates nerve block for surgical removal of mandibular third molars in terms 

of Anesthetic success rate, Onset and duration of anesthesia, and patient-reported pain using a 

visual analog scale. Methods: A quasi-experimental, comparative study was performed in which 

a total of 160 patients were selected and randomly allocated to receive Gow-Gates (GG) nerve 

block or inferior alveolar nerve block (IANB) for the extraction of mandibular molars. Onset time, 

pain levels, and volume of anesthesia were recorded as data. SPSS statistical analysis version 

26.0 was used for data analysis. Results: Regarding gender, females were counted more, 87, 

comprised 54.43 % of the sample, whereas 73 men accounted for 45.57 %. The onset time of the 

Gow-Gates group took 6.16 minutes, which is slower than IANB, 2.78 minutes; however, the 

success rate of both techniques is about the same, 87.5%. Furthermore, the mean volume of 

local anesthesia used to anesthetize tissues was higher in the IANB group than in the GG group. 

Conclusions: Both methods are useful in mandibular anesthesia, and Gow-Gates has a high rate 

of success and less chance of aspiration, though IANB has a quicker onset. Patient and clinician 

factors determine the technique to be used.
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One of the greatest aspects of oral and maxillofacial 
surgery is pain control, and local anesthesia represents an 
essential step to its achievement. The mechanism of 
action of a local anesthetic is that they temporarily affect 
the nerve conduction of nerve impulses, like they 
temporarily block the feeling of pain [1]. Globally, the 
prevalence of impacted third molars ranges from 
approximately 16% to 68%, making their surgical removal 
one of the most common oral surgical procedures. 
Effective local anesthesia is essential for pain control 
during these procedures, with the classical inferior alveolar 
nerve block (IANB) being the most widely used technique. 

However, IANB has been reported to have a failure rate 
ranging from 15% to 25%, which may compromise patient 
comfor t and surgical  e�ciency.  The Gow-Gates 
mandibular nerve block has been proposed as an 
alternative technique with potentially higher success rates 
and lower incidence of positive aspiration. Despite these 
advantages, comparative evidence regarding the e�cacy 
of these techniques during mandibular third molar surgery 
remains limited, particularly in the regional and local 
population. Therefore, this study was conducted to 
compare the effectiveness of the classical inferior alveolar 
nerve block and Gow-Gates nerve block for the surgical 



removal of mandibular third molars [2]. Two percent 
lidocaine is the most widespread local anesthetic drug in 
dentistry and is frequently mixed with a vasoconstriction 
agent, adrenaline (epinephrine) [3]. Vasoconstrictor also 
increases the life of an anesthetic, not only by decreasing 
vascular pick-up but also in terms of reducing systemic 
toxicity, and gives a clean, hemorrhage-free surgical �eld. 
All these contribute greatly to the general e�ciency and 
safety of dental surgical operations [4]. Successful local 
anesthesia is an achievement towards the success of any 
oral surgery. But the working of anesthesia depends upon 
various factors [5]. These encompass the method adopted 
and employed by the clinician during the procedure of 
anesthesia, plus the individualized conditions of the 
patient, such as variations of anatomy, the existence of 
infection or in�ammation, psychological factors, including 
fear or anxiety, and so on [6]. With the rather thin and 
porous bone containing the tooth roots, which is present in 
the maxilla, the local anesthetic solutions have a tendency 
to diffuse easily, thereby making the local in�ltration 
technique a highly successful technique. Consequently, 
maxillary anesthesia is expected to be associated with a 
positive success rate in common dental practices [7]. 
Contrary to this, a more di�cult procedure is mandibular 
anesthesia, especially among adults. Mandibular teeth 
have dense cortical bone around the roots, leading to poor 
in�ltration, and in such cases, it requires the application of 
nerve block procedures [8]. The inferior alveolar nerve 
block (IANB), despite its widespread use, does not ensure 
an effective pulpal anesthesia. The failure rates reported 
are comparatively high, and the result can be affected by a 
variety of factors [6]. These are: anatomical variation, e.g., 
bi�d mandibular nerves or supernumerary foramina, wrong 
injecting technique, individual differences in drug 
response, and factors such as intravascular injection or 
injection-site infection [10]. Alternative techniques, such 
as the Gow-Gates mandibular nerve block, have been 
developed to address these issues. By injecting the 
anesthetic solution closer to the neck of the mandibular 
condyle, a higher anatomical location than that of the 
standard IANB, he aimed to provide a more thorough and 
e�cient anesthesia of the branches of the mandibular 
nerve in 1973 [11]. This enables anesthesia of the inferior 
alveolar nerve and related nerves, including lingual, buccal, 
and mylohyoid. The Gow-Gates technique depends upon 
the accuracy of needle placement based on both extraoral 
and intraoral landmarks of the anatomy and on more 
technical skill; however, the bene�t of the technique is 
extension and more consistent distribution of anesthesia 
[12].
Despite widespread use of the inferior alveolar nerve block, 
high failure rates and variable anesthesia success highlight 
the need for more effective techniques. Limited 
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This study was designed as a quasi-experimental, 

comparative study involving two independent groups. 

Group 1 received the classical inferior alveolar nerve block, 

while Group 2 received the Gow-Gates mandibular nerve 

block. Patients in each group were different, and outcomes 

were compared between the groups was carried out at the 

Department of Dental and Maxillofacial Surgery, Dr. Ishrat-

ul-Ebad Khan Institute of Oral Health Sciences, Dow 

University of Health Sciences, Karachi in time frame of six 

months from (April to September 2024) following the 

institutional ethical review committee of Dow University of 

Health Sciences Karachi's synopsis approval (Ref: IRB-334-

/DUHS/Approval/2024/99; dated 28th March, 2024).  

Written informed consent was obtained from each patient 

using a non-probability sequential (convenience) sampling 

technique. Using a proportion of positive aspiration in 

Group 1 (P ) = 2.5% and Group 2 (P ) = 15% [13], power (1–β) = 1 2

80%, and a 95% con�dence level, the sample size was 

determined using WHO sample-size software to be 80 

patients per group (n=80).  Consequently, a total of 160 

patients will be included, 80 in each of the two groups. The 

primary outcome of this study was anesthetic success 

rate, de�ned as the ability to complete surgical removal of 

the mandibular third molar without supplemental 

anesthesia, assessed intraoperatively and using a 0–10 

Visual Analog Scale (VAS). Secondary outcomes included 

the onset time of anesthesia and the duration of 

anesthesia. Inclusion Criteria consisted of patients 

undergone extractions of mandibular molars requiring 

different local anesthesia techniques, having an age of 

18–60 years, and patients with known allergy to local 

anesthetics, local in�ammation, or tenderness at the 

injection site. Current users of antidepressant or 

antipsychotic medication were excluded from the study. 

The primary outcome of the study was anesthetic success 

rate, de�ned as the ability to complete the surgical 

extraction of the mandibular third molar without the need 

for supplemental anesthesia. A ner ve block was 

considered successful if the patient achieved adequate lip 

numbness and the procedure was completed without 

signi�cant pain or the need for additional anesthetic 

injections. Pain perception was assessed using a Visual 

Analog Scale (VAS) ranging from 0 to 10, where 0 indicated 

no pain, and 10 indicated the worst imaginable pain. 
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comparative evidence exists on the e�cacy of the Gow-
Gates versus classical IANB, particularly in local 
populations. Therefore, this study aimed to compare the 
effectiveness of the classical inferior alveolar nerve block 
and Gow-Gates nerve block for the surgical removal of 
mandibular third molars in patients presenting to Dow 
University of Health Sciences Karachi.



Patients were instructed to indicate their pain intensity on 

the scale during the surgical procedure. Pain scores were 

recorded at the time of tooth extraction, and any score ≥4 

was considered indicative of inadequate anesthesia, 

requiring supplemental anesthesia and recorded as 

anesthetic failure. Participants were randomly allocated 

into two equal groups using a computer-generated 

randomization method. Group A received the classical 

inferior alveolar nerve block, while Group B received the 

G ow- G a te s  m a n d i b u l a r  n e r ve  b l o c k .  A l l o c a t i o n 

concealment was ensured using sealed opaque envelopes 

opened at the time of intervention. The study followed a 

single-blind design, while outcome assessment was 

performed by an independent investigator blinded to group 

allocation. To ensure procedural standardization, all 

injections were administered by the same experienced 

operator using the same armamentarium and local 

anesthetic solution (2% lidocaine with 1:100,000 

epinephrine), following standardized protocols for both 

techniques.  Outcome variables were monitored 

intraoperatively and postoperatively using standardized 

assessment criteria. During the surgical procedure, 

patients were observed for signs of inadequate anesthesia, 

and pain was assessed using a Visual Analog Scale (VAS, 

0–10). If a patient reported moderate to severe pain (VAS ≥4) 

or showed signs of discomfort during the procedure, 

supplemental anesthesia was administered, and this was 

recorded as anesthetic failure. Intraoperative monitoring 

also included observation for the onset of anesthesia, and 

patients were followed for 24–48 hours to assess 

complications such as pain, swelling, trismus, or any 

adverse reactions to the anesthetic technique. Outcome 

assessments were recorded immediately after anesthesia 

administration, during the surgical procedure, and at the 

postoperative follow-up visit to ensure consistent 

evaluation of all study parameters. A complete medical and 

dental history was recorded. The principal investigator (PI) 

will leave the operatory while a consultant administers the 

assigned block. After injection, the PI will re-enter, double-

blinded to the technique, and assess the following 

parameters: Onset time of anesthesia (minutes), Maximum 

mouth openness (mm) prior to and following each block, 

and Surgical pain (visual analogue scale). A 27-gauge long 

dental needle attached to a standard aspirating syringe 

was used for both the classical inferior alveolar nerve block 

and Gow-Gates mandibular nerve block techniques. 

Approximately 1.8 mL of anesthetic solution was deposited 

following the standard protocol for each technique. All 

injections and surgical procedures were performed by a 

single experienced oral surgeon with more than �ve years 

of clinical experience to minimize operator variability. The 

surgical removal of mandibular third molars was carried out 

using a standardized surgical protocol, including 

mucoperiosteal �ap elevation, bone removal, when 

necessary, tooth sectioning if required, and wound closure 

with sutures, ensuring consistency across all participants.

Following administration of the anesthetic, the onset of 

anesthesia was assessed clinically by the presence of lip 

numbness and soft-tissue anesthesia. To control potential 

confounders, the same anesthetic agent, surgical 

protocol, operator, and assessment criteria were used for 

all participants. Patient con�dentiality was maintained by 

assigning unique identi�cation codes and storing data in 

password-protected �les accessible only to the research 

team. After data collection, information was entered and 

analyzed using SPSS version 26.0. Continuous variables 

were expressed as mean ± standard deviation and 

compared using the independent-sample t-test, while 

categorical variables were analyzed using the Chi-square 

test. A p-value of less than 0.05 was considered 

statistically signi�cant.
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Among the 160 patients whose gender was recorded in the 

dataset,  the gender distribution where females 

outnumbered males: 87 women comprised 54.43 % of the 

sample, whereas 73 men accounted for 45.57 %.In the 

conventional IANB group 44(55%) patients were female, 

while 36(45%) were male, with a mean age of 35 ± 36.89 

years, while the Gow-Gates group had a mean age of 35.37 ± 

34.71 years, with 52 (65%) female patients and 28 (35%) 

male patients (Table 1).
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Table 1: Distribution of Gender and Age

Techniques Female (%) Male (%) Mean Age

IANB

Gow-Gates

44 (55%) 36 (45%)

28 (35%)

34 ± 36.89

35.37 ± 34.7152 (65%)

Seventy patients (87.5%) and ten (12.5%) in each group 

attained complete anesthesia after receiving an Inferior 

Alveolar Nerve Block (IANB) and a Gow-Gates block, 

respectively.  Direct comparison of the two methods yields 

the same overall success rate (140/160=87.5%), and the 

corresponding p-value of 0.35 suggests that the difference 

is not statistically signi�cant.  To put it brie�y, both the 

Gow-Gates method and the IANB are equally successful in 

achieving pulpal anesthesia (Table 2).

Table 2: Comparison of Success Rate between Two Groups

Techniques Total
(n=160)

p-
value

Gow-Gates
(n=80)

IANB
(n=80)

Success
Status

Inferior Alveolar
Nerve Block

Gow-Gates
Successful

70 (87.5%)

70 (87.5%) 70 (87.5%)

70 (87.5%)

140 (87.5%)

140 (87.5%)
0.350

10 (12.5%)

Gow-Gates 10 (12.5%)

Inferior Alveolar
Nerve BlockUn-

successful
10 (12.5%)

10 (12.5%)

20 (12.5%)

20 (12.5%)
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several branches of the mandibular nerve [18, 19]. Gow-
Gates has exhibited some usefulness since there have 
been increased success rates, lower proportions of 
positive aspiration, and good distribution of overall 
anesthetic [20]. It is, however, more technically demanding 
and may be more di�cult to learn, especially for clinicians 
who have been using IANB. Other research conducted by 
Valenzuela et al. there was a shorter induction time using 
IANB, whereby the average period was 2.78 minutes as 
compared to 6.16 minutes by Gow-Gates [21]. This concurs 
with the �ndings of other research studies, such as 
Sarfaraz et al. which found that IANB had a higher onset 
speed [1]. The rapidity of onset of IANB can be attributed to 
the fact that the practitioner precisely placed the 
technique near the inferior alveolar nerve, which gives a 
quicker numbness. The two methods exhibited equal 
success rate in respect to quality of the anesthesia, as 87.5 
percent of the patients in both cases experienced effective 
anesthesia. Although the amount of anesthetic used was 
equal between the two groups, other researchers, such as 
Saatchi et al. have proposed that a higher amount of the 
anesthetic may enhance the success rate and, in that 
regard, the Gow-Gates technique [22]. But this difference 
between the two techniques regarding the success rate 
was not signi�cant in our study, which con�rms the 
thought that both techniques work equally well when the 
required dose is administered [23]. The openness of the 
mouth showed one of the distinctions between the 
techniques, as the mouth opening was not measured 
accurately using one of the techniques. The Gow-Gates 
group developed a signi�cant increase in mouth opening 
(0.5 mm), which was not noticed in the IANB group. This 
modest increase in mouth opening with the Gow-Gates 
technique can be explained by the fact that it covers all the 
anesthetic areas, as compared to the decrease in the 
number of muscles relaxed around the mandible [24]. In 
general, although the two methods have their merits, the 
preference of Gow-Gates and IANB can be based on the 
clinical condition, which should be comprised of patient 
anatomy and clinician experience. These two ways are both 
reliable forms of anesthesia, and Gow-Gates can induce a 
more consistent and broader block, especially in di�cult 
cases [25].
The research had limitations that included a single-center 
design and a small sample, which can be used to indicate a 
limitation in the generalization of the research. Moreover, 
the operators might have been biased by the Gow-Gates 
technique experience. Further studies are necessary to 
involve more and more multi-centers and more 
populations, and also to conduct research to understand 
training protocols in order to enhance clinical acceptance 
and effectiveness of advanced mandibular nerve block 
methods.

It indicates that the average time of onset of Gow-Gates is 

5.77 ± 1.28 minutes, and of IANB, it is 4.87 ± 1.34 minutes. 

The IANB group's mean time of action was signi�cantly 

earlier than the GG group's (p-value of <0.002).  (Table 2).  

Additionally, the IANB group employed a larger mean 

volume of local anesthetic to anaesthetize tissues than the 

GG group.  The p-value for the independent samples t-test 

was 0.004.

Table 3: Comparison of Two Groups' Anesthesia Onset Times

Techniques N Onset Time Mean ± S.D (min) p-value

Gow-Gates

IANB

80

80

5.77 ± 1.28

4.87 ± 1.34

4.0 ± 3.49

4.3 ± 1.56

0.002

0.002

0.004
80

80IANB

Gow-Gates

Volume Mean ± S.D (ml)

The majority of patients, or 30 (37.5%) cases in the IANB 

g r o u p ,  e x p e r i e n c e d  m o d e r a t e  p a i n  d u r i n g  t h e 

administration of anaesthesia, whereas the majority of 

patients, or 50 (62.5%) cases in the GG group, experienced 

mild pain, which compares the intensity of pain during the 

administration of anaesthesia between the two groups.  

The chi-square test revealed a signi�cant difference 

between the two groups (p-value=0.001) (Table 4).

Ta b l e  4 :  P a i n  C o m p a r i s o n  of  Two  G ro u p s  d u r i n g  L A 

Administration

p-value

0.001

Pain Status IANB (%) Gow-Gates (%) Total (%)

No pain

Mild

Moderate

Severe

Total

10 (12.5%)

20 (25%)

30 (37.5%)

20 (25%)

80 (100%)

50 (62.5%)

13 (16.25%)

5 (6.25%)

80 (100%)

12 (15%) 22 (13.75%)

70 (43.75%)

43 (26.9%)

25 (15.6%)

160 (100%)

A successful procedure in oral surgery speci�cally requires 
proper anesthetizing of the mandible, which can be 
achieved through a few injection methods. One of the most 
used methods is the Classical Inferior Alveolar Nerve block 
(IANB) [13]. This is one of the methods that was developed 
in the late 19th century and has served as a basis in oral 
surgery during the provision of anesthesia to the teeth in 
the mandible. Nevertheless, it is said to be associated with 
a greater rate of clinical errors, though this procedure is 
quite easy to conduct [14, 15]. The challenge posed by IANB 
is mainly the anatomical variability of the patients, besides 
the dense thickness of the cortical bone around the teeth in 
the mandible, which may render the block procedure less 
predictable [16, 17]. To eliminate the shortcomings of the 
approach, Gow-Gates proposed a more thorough method 
of blocking the mandibular nerve in 1973. This method is 
used when the needle is brought near the mandibular 
condyle, giving a wider and higher span of anesthesia in 
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Human Immunode�ciency Virus (HIV), Hepatitis B (HBV), and Hepatitis C (HCV) are major blood-

borne infections. In Pakistan, the prevalence of HCV is predicted to range from 8% to 15%, while 

the combined frequency of HBV and HCV affects 7.6% of the population. Prenatal HIV screening 

is recommended to prevent mother-to-child transmission. Objectives: This study aimed to 

determine the frequency of HIV, HBV, and HCV among antenatal patients at a tertiary healthcare 

facility. Methods: A descriptive cross-sectional study was carried out at the Civil Hospital 

Karachi Obstetrics and Gynecology unit 3 over 6 months, from October 7, 2022, to April 8, 2023. 

Pregnant women aged between 15-49 years, with a gestational age >20 weeks, presenting for 

routine antenatal care were enrolled using non probability consecutive sampling. All 

participants were screened for HIV, HBV, and HCV. Data were analyzed using SPSS version 25.0. 

Results: Among 187 women, the mean age was 32.29 ± 3.91 years, and the mean gestational age 

was 22.87 ± 1.34 weeks. The prevalence rates of HIV, HBV, and HCV were 13 (7%), 23 (12.3%), and 

43 (23%), respectively. Conclusions: Among antenatal patients, the prevalence of HIV, HBV, and 

HCV was 13 (7%), 23 (12.3%), and 43 (23%), respectively. This underscores the need for regular 

screening during pregnancy. Regular screening during pregnancy is mandatory to prevent these 

infections from being transferred from the mother to the child. 
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Infections caused by HIV, HBV, and HCV are major 
contributors leading to chronic viral infections, posing a 
signi�cant public health burden worldwide. All share a 
common route of transmission by parenteral transmission 
[1-3]. Globally, around 248 million people are suffering from 
chronic HBV, while 150 million are affected by HCV, 
resulting in a mortality rate of 780,000 and 350,000 per 
year, for the �rst and second, respectively [1, 2]. These 
infections often coexist due to shared transmission routes, 
including parenteral, sexual, and perinatal, particularly 
among vulnerable populations [4]. HBV and HCV infections 
are most commonly found in territories of Asia and Africa, 
where healthcare services are limited, due to barriers 

including economic, geographic, and social [2, 5]. Studies 
have shown a global variation rate in viral hepatitis 
endemicity, with sub-Saharan Africa (SSA) identi�ed as a 
high-endemic region [6]. Recent information from Somalia 
also indicates a high antibody positivity rate of HBV, HCV, 
and HIV among expectant mothers presenting to tertiary 
care hospitals, highlighting the fact that these infections 
are a persistent burden in low-resource settings [7]. As per 
the WHO Global Health, about 36.9 million people are 
affected with HIV, with more than 50% of these cases 
affecting women, and this results in perinatal transmission 
being the predominant route for HIV infection in children, 
as around 1.8 million children [2, 3]. Recent antenatal 



studies conducted in Pakistan show regional variation in 
viral hepatitis prevalence. For example, Qureshi et al. 
reported HBV prevalence of 5% and HCV prevalence of 2% 
among pregnant women in Multan, Pakistan, in 2025, while 
Ehsan et al. reported comparable �ndings among women 
attending a military hospital in Hyderabad in 2020 [8, 9]. 
Previous national estimates from Pakistan's 2008 hepatitis 
survey indicated that HBsAg has a prevalence of 
approximately 2.5% and anti-HCV has a prevalence of 
about 5%, contributing a substantial burden of chronic liver 
viral infections in the affected population [10, 11]. 
Coinfection of HBV and HCV during pregnancy may lead to 
severe maternal complications and increase the likelihood 
of transmission from mother to the newborn, potentially 
leading to hepatitis in fetuses and neonates [3]. Assessing 
the seroprevalence of HBsAg and anti-HCV antibodies 
universally during pregnancy is important because 
identifying infected women during antenatal care allows 
timely interventions to prevent perinatal transmission of 
these infections in case of Hepatitis B infections [12]. As 
recommended in the evidence-based management 
guidelines, universal screening for hepatitis B during 
pregnancy and active and passive immunization of the 
newborn after delivery, preferably within the �rst 24 hours 
of life, signi�cantly reduce the chances of mother-to-child 
transmission [13]. Current HIV diagnostic testing 
algorithms begin with a sensitive antigen–antibody 
combination assay, such as an ELISA-based test for 
HIV-1/2, with positive results con�rmed using more 
speci�c assays to ensure correct diagnosis [14]. Universal 
HIV screening is recommended during pregnancy to 
identify infected women early and initiate antiretroviral 
therapy, which along with appropriate obstetric 
management such as planned cesarean section if viral load 
is high or CD4 count is low and avoidance of breastfeeding, 
can reduce perinatal transmission rates from as high as 
15–45% in the absence of intervention to less than 1% with 
effective treatment and preventive measures [15]. 
E x i s t i n g  r e s e a r c h  s t u d i e s ,  b ot h  n a t i o n a l l y  a n d 
internationally, have explored the development of HIV, HBV, 
a n d  H CV  i n fe c t i o n s  i n  ex p e c t a n t  m ot h e r s ,  a n d 
seroprevalence varies widely depending on geographic 
location, population risk groups, and exposure types. Early 
detection during antenatal care is very important, as it can 
prevent mother-to-child transmission, which further 
increases the occurrence of these infections in a vicious 
circle. Hence, antenatal screening is a golden opportunity 
to identify these infections in a population that could serve 
as a reservoir for future transmissions. Therefore, this 
study aimed to assess the seroprevalence of HIV, HBV, and 
HCV among expectant mothers presenting to antenatal 
clinics for check-ups and to determine the frequency of 
these infections among antenatal patients at a tertiary 
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M E T H O D S

This was a descriptive cross-sectional study and was 

initiated in the Department of Obstetrics and Gynecology, 

Unit 3, Civil Hospital Karachi, over six months, from October 

7, 2022, to April 8, 2023. This study aimed to evaluate the 

proportion of individuals with hepatitis B, hepatitis C, and 

HIV infections in antenatal patients and to identify 

correlated risk factors. Pregnant females aged 15 to 49 

years presenting with a gestational age of >20 weeks 

attending routine antenatal care were enrolled. Exclusion 

criteria included pregnant women unable to provide 

reliable data due to major disability or life-threatening 

illness, as well as patients with chronic liver disease or end-

stage renal failure. The number of participants (187) was 

estimated using the WHO sample size calculator, with an 

estimated HBV prevalence of 8.5% based on previously 

reported seroprevalence among pregnant women in 

antenatal care settings, a margin of error of 4%, and a 

con�dence level of 95%. Non-probability consecutive 

sampling was employed to select the study population  [14]. 

Ethical approval was taken from the College of Physicians 

and Surgeons, Pakistan (CPSP Approval Letter No: 

CPSP/REU/OBG-2020-183-9946; dated October 7, 2022). 

Each participant provided informed consent before 

enrollment. Initial sociodemographic and medical 

information, including age, place of living, family monthly 

earnings, gestational age, parity, gravida, and associated 

risk factors (such as history of working in a healthcare 

institution, surgery, blood transfusion, tooth extraction, 

family history of HBV, HCV, or HIV, nose piercing, ear 

piercing, body tattooing, history of unsafe abortion, 

polygamous husband, and multiple sexual partners), were 

recorded. All participants were screened for HIV, HBV, and 

HCV infections in the central laboratory of Civil Hospital 

Karachi using standard, validated, commercially available 

kits. HIV screening was conducted using Abbott Determine 

and Immunocomplex I I  HIV 1&2, and reactive or 

indeterminate results were con�rmed by indirect 

immuno�uorescence (IIF) using kits supplied by the 

Oswaldo Cruz Foundation. HBV and HCV infections were 

identi�ed using standard ELISA kits available in the 

hospital laboratory. Speci�c kit numbers were not 

recorded; however, all kits are routinely used for clinical 

diagnostics and are validated for hospital use.

Body mass index (BMI) was calculated using the formula to 

divide weight in kilograms by the square of height in meters 

(kg/m²). Data analysis was performed using SPSS version 

25.0. Quantitative variables were presented as mean and 

standard deviation or median and interquartile range, 

healthcare facility, to inform strategies for their 
prevention,  screening,  and management during 
pregnancy.
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based on the data's normality, which was assessed using 

the Shapiro-Wilk test. Qualitative variables were analyzed 

using frequency and percentage. Qualitative variables were 

analyzed using frequency and percentage. Participant 

characteristics and infection status were summarized 

using counts and percentages. No inferential statistical 

tests were performed, as the study was descriptive in 

nature.
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Among the 187 women who participated in the study, the 

mean age was 32.29 ± 3.91 years. A total of 120 (64.2%) 

participants were aged 25–30 years, while 67 (35.8%) were 

between 31–40 years. The mean gestational age was 22.87 

± 1.34 weeks. Gestational age between 21+1 and 22+0 weeks 

was recorded in 117 (62.6%) women, whereas 70 (37.4%) 

were between 22+1 and 25+0 weeks. The average monthly 

family income was 65,417 ± 10,115 rupees; 108 (57.8%) 

participants reported an income between 52,000–65,000 

rupees, and 79 (42.2%) reported 65,001–84,000 rupees. 

Urban residence was noted in 136 (72.7%) women, while 51 

(27.3%) resided in rural areas. Illiteracy was observed in 56 

(29.9%) participants. Regarding obstetric characteristics, 

80 (42.8%) women were primiparous and 107 (57.2%) were 

multiparous (Table 1).

R E S U L T S

Table 1: Sociodemographic and Clinical Characteristics of Study 

Participants (n=187)

Frequency of HIV was observed in 13 (7%), HBV in 23 (12.3%), 

and HCV in 43 (23%) women (Figure 1).

Figure 1: Prevalence of HIV, HBV, and HCV Among Antenatal 
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Variables Category n (%)

120 (64.2%)

67 (35.8%)

117 (62.6%)

70 (37.4%)

108 (57.8%)

79 (42.2%)

136 (72.7%)

51 (27.3%)

56 (29.9%)

80 (42.8%)

107 (57.2%)

25–30

31–40

21+1 – 22+0

22+1 – 25+0

52,000 – 65,000

65,001 – 84,000

Urban

Rural

Illiterate

Primiparous

Multiparous

Age (Years)

Gestational Age (Weeks)

Family Income (PKR)

Residence

Education

Parity

Patients (n=187). Values Represent Number of Cases and 

Corresponding Percentages

Among all participants, 27 (14.4%) reported a history of 

working in a healthcare institute, 43 (23%) had a history of 

surgery, 19 (10.2%) had received a blood transfusion, 22 

(11.8%) had a history of tooth extraction, 19 (10.2%) reported 

a family history of viral infections, 14 (7.5%) had nose 

piercings, 15 (8%) had ear piercings, and 10 (5.3%) had body 

tattoos. The characteristics among women who tested 

positive for HIV (n=13), HBV (n=23), and HCV (n=43). 

Frequencies and percentages are presented for each 

factor, and no inferential statistical tests were performed, 

as the study is descriptive in nature (Table 2).

Table 2: Factors Related to HIV, Hepatitis B, and Hepatitis C Virus 

Infections (descriptive analysis only)

Variables
HCV

Positive
(n=43)

HBV
Positive
(n=23)

HIV
Positive

(n=13)

Total
(n=187)

History of Working in a
Healthcare Institute

History of Surgery

History of Blood Transfusion

History of Tooth Extraction

Family History of HIV,
HBV, or HCV

Nose Piercing

Ear Piercing

Body Tattooing

History of Unsafe Abortion

Polygamous Husband

Multiple Sex Partners

27 (14.4%) 1 (7.7%) 9 (39.1%) 18 (41.9%)

43 (23.0%)

19 (10.2%)

22 (11.8%)

19 (10.2%)

5 (38.5%)

4 (30.8%)

2 (15.4%)

2 (15.4%)

4 (17.4%)

9 (39.1%)

4 (17.4%)

0 (0%)

18 (41.9%)

8 (18.6%)

0 (0%)

0 (0%)

14 (7.5%)

15 (8.0%)

10 (5.3%)

0 (0%)

0 (0%)

0 (0%)

5 (38.5%)

4 (30.8%)

0 (0%)

0 (0%)

0 (0%)

0 (0%)

5 (21.7%)

4 (17.4%)

3 (13.0%)

0 (0%)

0 (0%)

0 (0%)

1 (2.3%)

3 (7.0%)

3 (7.0%)

0 (0%)

0 (0%)

0 (0%)

D I S C U S S I O N

The �ndings of this study focus on the occurrence and 

associated determinants for HIV, HBV, and HCV infection 

among antenatal clients presenting for routine checkups 

at a tertiary care hospital at their booking appointment. 

This highlights the importance of including thorough 

checks for these risk factors in routine antenatal care by 

the healthcare providers, allowing for early detection and 

appropriate interventional strategies to prevent mother-

to-child transmission rates. Of 13 HIV positive cases, a 

history of working in a healthcare institute was observed in 

7.7% women, a history of surgery in 38.5%, a previous blood 

transfusion history in 30.8%, a previous tooth extraction 

history in 15.4%, a family history 15.4%, nose piercing 

38.5%, and ear piercing 30.8% women. Of 23 HBV positive 

cases, a history of working in a healthcare institute was 

observed in 39.1% women, a history of surgery in 17.4%, a 

history of blood transfusion in 39.1%, a history of tooth 

extraction in 17.4%, nose piercing 21.7%, ear piercing 

17.4%, and body tattooing 13% women. Of 43 HCV positive 

cases, a history of working in a healthcare institute was 

observed in 41.9% women, a history of surgery in 41.9%, a 
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history of blood transfusion in 18.6%, nose piercing 2.3%, 

ear piercing 7%, and body tattooing 7% women. A study by 

Roble et al. found that 8.5% of expectant women seeking 

antenatal care in Ji�iga, Ethiopia, tested positive for 

HBsAg [16]. Signi�cant contributing factors for HBV 

infection included a history of surgery (AOR=3.41, 95% CI: 

1.26–9.24), history of HBV infection in the family (AOR=4.96, 

95% CI: 2.11–10.60), sharing sharp objects (AOR=2.78, 95% 

CI: 1.13–6.83), and engagement in multiple sexual 

encounters (AOR=6.12, 95% CI: 2.12–17.64). A study 

conducted in Enugu, Nigeria, reported that 12.4% of 

antenatal clients were seropositive for HIV, 3.4% for 

hepatitis B virus (HBV), 2.6% for hepatitis C virus (HCV), and 

0.08% for syphilis. The co-infection rates were 0.24% for 

HIV/HBV and 0.16% for HIV/HCV. This study observed no 

cases of concurrent infection with both hepatitis B and C 

viruses within the HIV-positive and HIV-negative antenatal 

population [17]. Studies from Sub-Saharan Africa show 

that HIV and hepatitis infections remain a signi�cant 

concern among pregnant women. In Luanda, Angola, HIV 

and HBV were found to be common, with rates in�uenced 

by social and obstetric factors [18]. In Yirgalem Hospital, 

Ethiopia, HBV prevalence was linked to surgery, family 

history, and exposure to sharp objects [19]. Similarly, 

research conducted in Zambia shows varying HIV rates 

among young women, re�ecting differences in behavior, 

socio-economic status, and healthcare access as 

important determinants [20]. These observations 

highlight the importance of universal antenatal screening 

and careful risk management to prevent infections in both 

mothers and babies. One of the studies showed that the 

occurrence of anti-HIV antibodies was found to be 13.4%, 

which is comparable to �ndings from studies conducted in 

Ethiopia (10.1%), Zambia (11.3%), and the Democratic 

Republic of Congo (11%) [21].  However, these numbers are 

higher than those reported in the research conducted in 

Nigeria (6.1%) and Cameroon (5.1%) [22, 23]. In Tanzania, 

the prevalence ranged between 5.1% and 5.6% among 

expectant women [24, 25]. In Latin America, HIV 

prevalence among expectant mothers is generally below 

1% in countries such as Brazil, while in several Caribbean 

countries, including the Dominican Republic, HIV 

prevalence among pregnant women has been reported to 

reach or exceed 2%, re�ecting regional differences in 

epidemic dynamics [26, 27]. In India, earlier reports 

indicated antenatal HIV prevalence around 0.88% in 

speci�c regions, while more recent hospital-based 

surveillance from western India reported a prevalence of 

0.22% among expectant mothers, re�ecting declining 

trends in HIV among antenatal populations [28]. A study 

reported that infectious diseases such as HIV, HBV, and 

syphilis are a societal health burden among expectant 

mothers, which highlights the need to strengthen 

biomedical interventions. Understanding the demographic 

and behavioral factors that contribute to the emergence of 

infectious agents is essential for reducing planning costs, 

controlling the spread of infectious diseases, preventing 

vertical transmission, and mitigating negative outcomes in 

neonates [2]. A recent systematic review and meta-

analysis reported the worldwide pooled prevalence of HIV, 

HBV, HCV, and syphilis among expectant mothers to be 

2.9% (95% CI: 2.4–3.4%), 4.8% (95% CI: 3.8–5.8%), 1.0% 

(95% CI: 0.8–1.3%), and 0.8% (95% CI: 0.7–0.9%), 

respectively. In �nancially constrained nations, the 

combined prevalence of these infections exceeds the 

global average, with HIV at 5.2% (1.6–10.5%), HBV at 6.6% 

(5.4–7.9%), HCV at 2.7% (1.6–4.1%), and syphilis at 3.3% 

(2.2–4.6%). In lower-middle-income countries, the pooled 

prevalence rates exceed global averages, with HIV at 2.9% 

(0.8–6.1%), HBV at 4.9% (3.8–6.1%), HCV at 2.3% (1.2–3.6%), 

and syphilis at 1.5% (1.0–2.2%). The author asserts that the 

frequency of these infections is signi�cantly higher among 

pregnant women in resource-limited environments. 

Assessing the applicability and practicality of existing 

global guidelines for preventing perinatal transmission of 

these infections in countries with lower-middle-income 

status is crucial. This evaluation should include an 

assessment of timely access to both screening and 

therapeutic interventions. Another systematic review and 

meta-analysis reported that, among maternal–neonatal 

pairs with single infection, the combined perinatal 

infection transfer rates were 2.74% for HIV and 55.49% for 

hepatitis B virus, respectively. There is no available 

information on the perinatal transfer rate of the hepatitis C 

virus in cases of single infection, nor on the transmission 

rates of HIV, hepatitis B virus, and hepatitis C virus among 

maternal–neonatal pairs with double or triple infections 

[29]. 

Certain limitations should be considered when interpreting 

the results of this study. The comparatively small sample 

size of 187 women may limit the generalizability of the 

conclusion. Additionally, given that this study was 

conducted at a single center, the results may not fully 

re�ect the broader population trends. The cross-sectional 

design allows a snapshot, but a more comprehensive 

understanding is needed through longitudinal studies, 

exploring trends in infections and associated factors over 

the course of pregnancy. Despite these limitations, one of 

the strengths of this research is its relevance to maternal 

healthcare practices and the prevention of mother-to-

child transmission rates. The identi�ed risk factors provide 

insights for healthcare practitioners, highlighting the 

importance of action points, including counseling and 

interventions. Furthermore, research in the future could be 
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strengthened by including larger and more diverse 

samples, encompassing various socio-economic 

backgrounds and geographical locations, to give more 

generalized results. Longitudinal studies can provide a 

dynamic perspective on infection trends during pregnancy, 

while interventional studies can be conducted to evaluate 

the effectiveness of preventive measures in reducing 

transmission rates. While this study contributes valuable 

insights, ongoing research should be carried out for a more 

comprehensive understanding and the development of 

evidence-based strategies in maternal healthcare.
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The frequency of HIV was observed in 7%, HBV in 12.3%, and 

HCV in 23% women. The history of nose piercing, ear 

piercing, blood transfusion, and body tattooing was 

observed among women with these infections.
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Stroke is a leading cause of death and disability worldwide, particularly in low- and middle-

income countries. Post-stroke seizures represent an important neurological complication that 

may occur early or late after the event. However, limited data are available regarding their 

frequency and characteristics in the local population. Objective: To determine the frequency 

and types of seizures among patients presenting with stroke. Methods: This analytical cross-

sectional study was conducted in the Department of Emergency Medicine, Lady Reading 

Hospital, Peshawar, over six months from May 2023 to November 2023. A total of 177 patients 

aged 20–80 years with radiologically con�rmed stroke were enrolled using non-probability 

consecutive sampling. Patients with prior epilepsy or metabolic derangements known to 

precipitate seizures were excluded. Post-stroke seizures were classi�ed as early (≤14 days) or 

late (>14 days to 3 months). Data were analyzed using SPSS version 26.0. Frequencies, 

percentages, chi-square tests, and logistic regression were applied, with p < 0.05 considered 

statistically signi�cant. Results: The mean age was 49.7 ± 18.1 years, and 61.0% were male. 

Ischemic stroke occurred in 73.4% of patients. Post-stroke seizures were observed in 14.1% 

(n=25). Among these, 48.0% were early, and 52.0% were late seizures. No statistically signi�cant 

associations were found between seizures and stroke subtype (p=0.197), gender (p=0.150), or 

age category (p=0.320). Conclusions: Post-stroke seizures occurred in 14.1% of patients, with 

nearly equal early and late distribution. Structured surveillance during acute and subacute 

phases is warranted.
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Stroke is a major cause of both death and disability 
worldwide and represents a signi�cant public health 
burden, particularly in low- and middle-income countries 
(LMICs) [1]. Approximately 16 million �rst-ever strokes 
occur annually, resulting in nearly 5.7 million deaths 
globally. The burden of stroke is disproportionately higher 
in LMICs, where limited access to early diagnosis, acute 
stroke care, and rehabilitation services contributes to 
increased morbidity and mortality. In Pakistan, the 
p r ev a l e n c e  o f  s t r o ke  h a s  b e e n  r e p o r te d  to  b e 
approximately 6.4%, underscoring its substantial impact 
on the national healthcare system [2, 3]. Stroke is 
associated with numerous systemic and neurological 
complications,  including aspiration pneumonia, 
dehydration,  urinar y tract infections,  deep vein 

thrombosis, and pulmonary embolism [4]. Among 
neurological complications, epileptic seizures represent 
an important yet often under-recognized consequence. 
Post-stroke seizures may occur in the acute phase or 
during the chronic recovery period, re�ecting distinct 
underlying pathophysiological mechanisms [5, 6]. Early 
post-stroke seizures are generally attributed to acute 
neuronal injury resulting from cerebral ischemia or 
hemorrhage. Mechanisms include excitotoxic glutamate 
release, disruption of ionic homeostasis, blood–brain 
barrier  breakdown, cytotoxic edema, and acute 
in�ammatory responses leading to transient cortical 
hyperexcitability. In contrast, late post-stroke seizures are 
believed to arise from chronic structural and functional 
alterations such as gliosis, synaptic reorganization, 



cortical remodeling, and the formation of permanent 
epileptogenic foci following neuronal injury [7, 8]. Thus, 
early seizures are typically considered acute symptomatic 
events, whereas late seizures may re�ect the development 
of post-stroke epilepsy due to long-term cortical 
reorganization. Stroke is recognized as one of the leading 
causes of newly acquired seizures in older adults. Large 
cohort studies report that approximately 10–20% of stroke 
survivors experience seizures, including both early and 
delayed manifestations [5, 9]. However, reported 
prevalence varies widely across regions, with higher 
variability observed in LMICs due to delayed presentation, 
l imited neuroimaging access, underutilization of 
electroencephalography (EEG), and suboptimal follow-up 
systems. In countries such as Pakistan, where healthcare 
resources may be constrained, post-stroke seizures may 
be underdiagnosed or inadequately documented, 
potentially leading to delayed treatment and worse 
neurological outcomes. 
Despite the recognized clinical importance of post-stroke 
seizures, there is limited published data from Pakistan 
regarding their frequency, temporal distribution, and 
association with demographic and clinical variables. Most 
available evidence originates from high-income settings 
with advanced neurodiagnostic facilities, limiting 
generalizability to local populations. The absence of 
region-speci�c epidemiological data restricts the 
development of context-appropriate surveillance 
strategies and management protocols. Therefore, the 
present study was conducted to determine the frequency 
and temporal distribution (early versus late) of post-stroke 
seizures among patients presenting with radiologically 
con�rmed stroke at a tertiary-care hospital in Peshawar. 
Additionally, the study aimed to evaluate the association 
between post-stroke seizures and selected demographic 
and clinical variables.
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frequency [10]. With a 95% con�dence interval and a 
margin of error of 4%, the minimum required sample size 
was calculated to be 177 patients. A non-probability 
consecutive sampling technique was employed, whereby 
all eligible patients presenting during the study period were 
enrolled until the required sample size was achieved. 
Patients aged between 20 and 80 years of either gender 
presenting with clinical features suggestive of acute 
stroke were eligible for inclusion, provided that the 
diagnosis was con�rmed radiologically by computed 
tomography (CT)  scan of  the brain.  Stroke was 
operationally de�ned as the sudden onset of focal or global 
neurological de�cit persisting for more than 24 hours due 
to a vascular cause. Ischemic stroke was identi�ed by the 
presence of hypodense lesions or normal early CT �ndings 
consistent with ischemia, whereas hemorrhagic stroke 
was diagnosed based on hyperdense intracranial lesions 
on CT imaging. To minimize confounding bias and ensure 
that seizure events were attributable to stroke rather than 
metabolic abnormalities, patients with a prior history of 
epilepsy were excluded. In addition, patients with 
metabolic derangements known to precipitate seizures, 
including hypoglycemia (fasting blood glucose <80 mg/dL 
or random blood glucose <120 mg/dL), hyponatremia 
(serum sodium <135 mmol/L), hypocalcemia (serum 
calcium <9 mg/dL), and uremia (serum urea >50 mg/dL), 
were excluded from the study. Post-stroke seizures were 
de�ned clinically as transient episodes of abnormal motor 
activity, altered consciousness, sensory disturbance, or 
autonomic manifestations suggestive of abnormal cortical 
electrical activity, as determined by clinical history and 
neurological examination. Seizures were temporally 
classi�ed into early and late categories. Early seizures 
were de�ned as those occurring within 14 days (≤2 weeks) 
of stroke onset, whereas late seizures were de�ned as 
those occurring after 14 days and up to three months 
following the stroke [11]. These temporal de�nitions were 
based on contemporary neurological literature and 
established clinical classi�cations of post-stroke seizures. 
All enrolled patients received standard institutional stroke 
management and were admitted for stabilization and 
treatment as per hospital protocol. Following discharge, 
patients were followed for a total duration of three months 
to identify seizure occurrence. Follow-up was conducted 
through scheduled outpatient department visits as well as 
weekly telephonic contact to ensure systematic 
m o n i to r i n g .  A ny  r e p o r te d  s e i z u r e  e p i s o d e  wa s 
documented in a structured proforma, and the timing (early 
versus late) and clinical characteristics of the seizure were 
recorded. All  clinical assessments and follow-up 
evaluations were supervised by a consultant physician with 
a minimum of �ve years of  cl inical  experience. 
Demographic data,  c l inical  �ndings,  laborator y 
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This analytical cross-sectional study was conducted in the 
Department of Emergency Medicine at Medical Teaching 
Institution (MTI), Lady Reading Hospital (LRH), Peshawar, a 
tertiary-care referral center serving the population of 
Khyber Pakhtunkhwa. The study was conducted over 6 
months, from May 2023 to November 2023. Ethical 
approval was obtained from the Institutional Review Board 
of Lady Reading Hospital (Ref No: 764/LRH/MTI; dated 25th 
May, 2023). The study was conducted in accordance with 
the Declaration of Helsinki, and written informed consent 
was obtained from all participants or their legal guardians 
before enrollment. The sample size was calculated using 
the WHO sample size calculator to estimate a single 
population proportion. A previously reported prevalence of 
8% early post-stroke seizures was used as the expected 



i n v e s t i g a t i o n s ,  i m a g i n g  r e s u l t s ,  a n d  s e i z u r e 
characteristics were recorded using a pre-designed 
structured data collection form. CT brain scans were 
reviewed by quali�ed radiologists for con�rmation of 
stroke subtype. Detailed imaging parameters such as 
lesion size, cortical versus subcortical involvement, and 
stroke severity scores were not consistently available in 
emergency records and, therefore, were not included in the 
analysis. 
Data were entered and analyzed using the Statistical 
Package for Social Sciences (SPSS) version 26.0. 
Continuous variables were summarized as mean ± standard 
deviation, while categorical variables were presented as 
frequencies and percentages. Associations between post-
stroke seizures and categorical variables such as gender, 
age category, and stroke subtype were assessed using the 
Chi-square test, and Fisher's exact test was applied where 
appropriate. Effect size was evaluated using Cramer's V to 
assess the strength of associations. To adjust for potential 
confounding variables, binary logistic regression analysis 
was performed, including age (continuous), gender, and 
stroke subtype. Odds ratios with 95% con�dence intervals 
were calculated. A p-value of less than 0.05 was considered 
statistically signi�cant. The study was powered to 
estimate the frequency of post-stroke seizures rather than 
detect subgroup differences; therefore, multivariable 
analysis was interpreted cautiously due to the limited 
number of seizure events.
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A total of 177 patients with radiologically con�rmed stroke 

w e r e  i n c l u d e d  i n  t h e  s t u d y.  T h e  d e m o g r a p h i c 

characteristics are presented in Table 1. The mean age was 

49.7 ± 18.1 years (range 20–80 years). The majority of 

patients belonged to the 40–59 years age group (35.0%), 

followed by 60–80 years (33.3%) and 20–39 years (31.6%). 

Males constituted 61.0% of the study population (Table 1).

R E S U L T S

Table 1: Demographic Characteristics of Stroke Patients (n=177)

�ndings corresponded with stroke subtype (Table 2).
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Variables n (%)

Mean ± SD

Minimum–Maximum

20–39 years

40–59 years

60–80 years

Male

Female

49.7 ± 18.1

20–80

56 (31.6%)

62 (35.0%)

59 (33.3%)

108 (61.0%)

69 (39.0%)

Age (Years)

Age Category

Gender

The distribution of stroke subtype and CT �ndings is shown 

in Table 2. Ischemic stroke was observed in 73.4% of 

patients, while 26.6% had hemorrhagic stroke. CT brain 

Table 2: Stroke Characteristics of Patients (n=177)

Variables n (%)

Type of Stroke

CT Brain Finding

Ischemic

Hemorrhagic

Hypodense lesion

Hyperdense lesion

130 (73.4%)

47 (26.6%)

130 (73.4%)

47 (26.6%)

The overall frequency of post-stroke seizures was 14.1% 
(n=25) among the studied patients (Table 3).

Table 3: Frequency of Post-Stroke Seizures (n=177)

n (%)Post-Stroke Seizures

Yes

No

Total

25 (14.1%)

152 (85.9%)

177 (100.0%)

Among patients who developed seizures, 48.0% 
experienced early seizures (≤14 days), while 52.0% had late 
seizures (>14 days to 3 months) (Table 4).

Table 4: Types of Post-Stroke Seizures (n=25)

n (%)Types of Seizure

Early seizures

Late seizures

Total

12 (48.0%)

13 (52.0%)

25 (100.0%)

No statistically signi�cant association was observed 
χbetween seizures and gender ( ²=2.074, p=0.150; Fisher's 

exact p=0.185). The effect size was small (Cramer's 
V=0.108). Females demonstrated a higher seizure 
proportion (18.8%) compared to males (11.1%), but the 
difference was not statistically signi�cant (OR=0.538, 95% 
CI: 0.230–1.261). Similarly, no signi�cant association was 
observed between seizure occurrence and age category 
χ( ²=2.281, p=0.320). The effect size was small (Cramer's 

V=0.114), indicating minimal practical association. Stroke 
subtype was not signi�cantly associated with seizure 
development (p=0.197) (Table 5).

Table 5: Association of Post-Stroke Seizures with Demographic 

and Clinical Variables (n=177)

Categories Seizures
No, n (%)

Total,
 (n)

χ²
(df)

p-
value

Seizures
Yes, n (%)Variables

Ischemic

Hemorrhagic

Male

Female

20–39 years

40–59 years

60–80 years

21 (16.2%)

4 (8.5%)

12 (11.1%)

13 (18.8%)

7 (12.5%)

12 (19.4%)

6 (10.2%)

25 (14.1%)

109 (83.8%)

43 (91.5%)

96 (88.9%)

56 (81.2%)

49 (87.5%)

50 (80.6%)

53 (89.8%)

152 (85.9%)

130

47

108

69

56

62

59

177

Type
of Stroke

Gender

Age
Category

Total — 

2.28
(2)

1.66
(1)

2.07
(1)

0.197

0.150

0.320

To adjust for potential confounding, binary logistic 
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Current study determined the frequency and temporal 
pattern of post-stroke seizures in patients presenting with 
radiologically con�rmed stroke at a tertiary-care hospital 
in Peshawar. Post-stroke seizures were observed in 14.1% 
of patients, a �nding that falls within the globally reported 
range of 10–20%. This consistency supports the external 
validity of our �ndings and suggests that the burden of 
post-stroke seizures in our setting is comparable to 
international data. Misra et al. reported a similar prevalence 
of seizures after stroke and highlighted their association 
with poorer functional outcomes and increased mortality 
[11]. Likewise, Freiman et al. documented post-stroke 
seizures in approximately 15% of stroke survivors in a 
hospital-based cohort [12]. These comparisons reinforce 
that post-stroke seizures remain a clinically signi�cant 
neurological complication across diverse populations. 
Regarding temporal distribution, late seizures (52.0%) 
were slightly more frequent than early seizures (48.0%). 
The nearly equal distribution between early and late events 
is clinically important, as it re�ects the dual-phase 
pathophysiology of seizure development following stroke. 
Early seizures are primarily attributed to acute biochemical 
disturbances, excitotoxic neurotransmitter release, and 
transient cortical hyperexcitability, whereas late seizures 
are associated with chronic structural remodeling, gliosis, 
synaptic reorganization, and formation of epileptogenic 
foci. Tanaka et al. emphasized that late post-stroke 
seizures are often markers of long-term cortical 
reorganization and may predict the development of post-
stroke epilepsy [13]. Similarly, Ryu et al. reported that 
delayed seizures frequently re�ect irreversible neuronal 
network alterations [14]. Current �ndings therefore 
support the need for continued surveillance beyond the 

acute hospitalization period, as seizure risk persists during 
the subacute recovery phase. In our cohort, seizures were 
more frequent in ischemic stroke (16.2%) compared to 
hemorrhagic stroke (8.5%), although the difference did not 
reach statistical signi�cance (p=0.197). This lack of 
statistical signi�cance may be explained by the relatively 
small number of seizure events (n=25), which limits 
statistical power for subgroup comparisons. The literature 
regarding stroke subtype and seizure risk remains 
heterogeneous. Guo et al. in a meta-analysis of seizures 
fo l l ow i n g  i n t r a c e r e b r a l  h e m o r r h a g e,  r e p o r t e d 
considerable variability across cohorts [9]. Lin et al. 
similarly observed inconsistent associations between 
hemorrhagic stroke and seizure occurrence [15]. These 
�ndings suggest that seizure risk is multifactorial and may 
depend more strongly on cortical involvement, lesion size, 
and stroke severity rather than stroke subtype alone. Since 
detailed imaging variables were not systematically 
available in our dataset, subtype-speci�c differences 
should be interpreted cautiously. Gender-based analysis 
demonstrated a higher proportion of seizures among 
females (18.8%) compared to males (11.1%), although this 
difference was not statistically signi�cant (p=0.150). 
Logistic regression showed approximately two-fold higher 
adjusted odds among females (OR=2.021), but the 
con�dence interval was wide and crossed unity, indicating 
statistical uncertainty. The small effect size (Cramer's V = 
0.108) further suggests minimal practical association. 
Previous studies have shown inconsistent gender effects. 
Sarfo et al. reported no independent association between 
gender and post-stroke seizures in a multicenter African 
cohort [16]. Similarly, Federico et al. found no signi�cant 
sex-related differences in seizure risk following ischemic 
stroke [17]. Thus, our �ndings align with the broader 
evidence indicating that gender alone is unlikely to be a 
strong independent predictor of post-stroke seizures. 
Age-strati�ed analysis showed the highest seizure 
proportion in the 40–59-year group (19.4%), followed by 
20–39 years (12.5%) and 60–80 years (10.2%), but these 
differences were not statistically signi�cant (p=0.320). The 
absence of age-related signi�cance may re�ect the 
multifactorial nature of seizure development and the 
limited statistical power for subgroup detection. Lidetu 
and Zewdu similarly reported no independent age-based 
association after adjusting for stroke characteristics [18]. 
Smigelskyte et al. also concluded that age alone does not 
reliably predict early post-stroke seizures following 
ischemic stroke [19]. These �ndings collectively suggest 
that demographic variables may have limited predictive 
value when considered independently. Importantly, the 
14.1% overall seizure incidence and the nearly equal 
early–late distribution have practical implications. These 
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D I S C U S S I O N

regression was performed, including age (continuous), 

gender, and stroke subtype. The overall model was not 
χstatistically signi�cant ( ²=4.329, df=3, p=0.228), 

explaining 4.3% of the variance (Nagelkerke R²=0.043). Age 

was not independently associated with post-stroke 

seizures (OR = 1.005, 95% CI: 0.981–1.030, p=0.672). The 

female gender showed higher odds compared to males 

(OR=2.021, 95% CI: 0.843–4.841, p=0.115), although this did 

not reach statistical signi�cance. Hemorrhagic stroke 

demonstrated lower odds compared to ischemic stroke 

(OR = 0.453, 95% CI: 0.146–1.411, p=0.172) (Table 6).

Table 6: Binary Logistic Regression Analysis for Predictors of 

Post-Stroke Seizures

p-valueORVariables 95% CI

Age

Female Gender

Hemorrhagic Stroke

1.005

2.021

0.453

0.981–1.030

0.843–4.841

0.146–1.411

0.672

0.115

0.172



�ndings highlight the necessity for structured seizure 
surveillance not only during the acute admission period but 
also throughout the early recovery phase. Routine follow-
up and patient education regarding seizure recognition are 
essential components of post-stroke care. Furthermore, 
the absence of routine electroencephalographic 
monitoring in our study may have resulted in under-
detection of subclinical or non-convulsive seizures. 
Gururangan et al. demonstrated that point-of-care EEG can 
improve detection of occult epileptiform activity in acute 
stroke settings [20]. AlGaeed et al. emphasized the value of 
continuous EEG monitoring in identifying epileptiform 
discharges among ischemic stroke patients [21]. 
Strengths of this study include radiologically con�rmed 
stroke diagnosis, clearly de�ned operational seizure 
classi�cations, exclusion of metabolic confounders, and a 
structured three-month follow-up to capture both early 
and late events. The use of logistic regression further 
allowed adjustment for potential confounding variables. 
However, several limitations should be acknowledged. 
First, the single-center design may limit generalizability. 
Second, the study was powered to estimate seizure 
frequency rather than detect subgroup differences, and 
the relatively small number of seizure events (n=25) limits 
statistical power for multivariable modeling. Third, detailed 
imaging parameters such as lesion size, cortical versus 
subcortical involvement, and standardized stroke severity 
scores were not available. Finally, electroencephalography 
was not routinely performed, which may have resulted in an 
underestimation of seizure burden. These limitations 
should be considered when interpreting the �ndings. 
Future studies incorporating systematic EEG evaluation 
may provide more accurate seizure incidence estimates 
and better risk strati�cation.
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Post-stroke seizures were observed in 14.1% of patients 

presenting with radiologically con�rmed stroke, with a 

nearly equal distribution between early and late seizure 

onset. Although ischemic stroke and female gender 

showed numerically higher seizure proportions, no 

statistically signi�cant independent predictors were 

identi�ed. These �ndings suggest that post-stroke 

seizures are relatively frequent but may not be strongly 

predicted by basic demographic or subtype variables 

alone. The obser ved incidence underscores the 

importance of structured surveillance during both the 

acute and subacute phases of stroke recovery. Future 

multicenter studies incorporating detailed neuroimaging 

parameters, stroke severity assessment, and routine 

electroencephalographic monitoring are warranted to 

better de�ne seizure risk pro�les and improve post-stroke 

neurological care strategies.
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Measles remains a signi�cant cause of pediatric morbidity and mortality worldwide, particularly 

in low- and middle-income countries. Pneumonia is one of the most frequent and serious 

complications of measles, contributing substantially to adverse outcomes in affected children. 

Objectives: To determine the frequency of pneumonia among children presenting with measles 

at DHQ Hospital, Dera Ismail Khan, and to assess associated demographic and clinical factors. 

Methods: This cross-sectional analytical study was conducted in the Department of Pediatrics, 

District Headquarters Hospital, Dera Ismail Khan, from September 2024 to January 2025. A total 

of 169 children aged 2–15 years with laboratory-con�rmed measles were enrolled using 

consecutive non-probability sampling. Pneumonia was diagnosed based on clinical �ndings 

and radiographic con�rmation. Data on age, gender, vaccination status, nutritional status, 

socioeconomic status, and residence were collected using a structured proforma. Statistical 

analysis was performed using SPSS version 25.0. Associations were evaluated using chi-square 

and Fisher's exact tests, and multivariable logistic regression was conducted. Results: Among 

169 children, 54 (32.0%) developed pneumonia. Pneumonia was signi�cantly associated with 

malnutrition (p<0.001), younger age (p<0.001), rural residence (p=0.028), and lack of 

immunization (p<0.001). No pneumonia cases were observed among immunized children. 

Conclusions: Pneumonia was observed in approximately one-third of children with measles. 

Malnutrition, younger age, and non-immunization were associated with higher pneumonia 

frequency.
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Measles remains one of the most contagious viral diseases 
affecting children worldwide, despite the availability of a 
safe and effective vaccine for more than �ve decades. 
Globally, measles continues to contribute substantially to 
pediatric morbidity and mortality, particularly in low- and 
middle-income countries [1]. Recent global estimates 
indicate approximately 100,000 measles-related deaths 
annually, with the majority occurring in children under �ve 
years of age [2]. The virus is transmitted through 
respiratory droplets and aerosols and has an exceptionally 
high basic reproduction number (R₀), with one infected 

individual capable of transmitting the infection to 12–18 
s u s c e p t i b l e  p e r s o n s  [ 3 ] .  A l t h o u g h  w i d e s p r e a d 
immunization has signi�cantly reduced disease burden in 
many regions, suboptimal vaccination coverage, 
population displacement, and vaccine hesitancy continue 
to fuel recurrent outbreaks, threatening global elimination 
goals [4]. The World Health Organization reported a 
substantial  resurgence of measles cases during 
2022–2023, re�ecting persistent immunity gaps in 
vulnerable populations [5]. Beyond its characteristic 
clinical manifestations of fever and maculopapular rash, 



m e a s l e s  i s  a ss o c i ate d  w i t h  p rofo u n d  t r a n s i e n t 
immunosuppression that may persist for weeks to months 
following acute infection [6]. This immunological 
impairment increases susceptibility to secondary 
infections, among which pneumonia represents the most 
frequent and life-threatening complication [7]. Measles-
associated pneumonia may occur as primary viral 
pneumonia resulting from direct viral involvement of 
pulmonary tissue, secondary bacterial pneumonia due to 
impaired mucosal immunity, or a mixed viral-bacterial 
process. Clinically, affected children commonly present 
with cough, tachypnea, chest indrawing, and hypoxemia, 
often necessitating prompt medical intervention [8]. 
Reported case-fatality rates vary considerably depending 
on nutritional status and access to healthcare, remaining 
below 1% in well-resourced settings but exceeding 10% in 
resource-limited environments [9].
Despite the recognized burden of measles-associated 
pneumonia globally, there is limited contemporary data 
from southern Khyber Pakhtunkhwa, particularly from 
district-level referral hospitals serving predominantly rural 
populations. Furthermore, the interaction between 
vaccination status, nutritional status, socioeconomic 
conditions, and pneumonia occurrence among children 
with laborator y-con�rmed measles has not been 
adequately explored in this setting. Addressing this gap is 
essential to inform targeted preventive strategies and 
optimize clinical management. Therefore, this study aims 
to determine the frequency of pneumonia among children 
aged 2–15 years presenting with measles at DHQ Hospital, 
Dera Ismail Khan, and to examine its association with key 
demographic, vaccination, nutritional, socioeconomic, 
and residential factors. 
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M E T H O D S

in a required sample of 169 participants. Consecutive non-
probability sampling was used to recruit eligible 
participants presenting to the Department of Pediatric 
Emergency, Outpatient Department, and inpatient wards 
during the study period. Inclusion criteria comprised 
children aged 2–15 years of either gender presenting with 
clinically suspected measles, de�ned as fever ≥38.3°C, 
maculopapular rash, and at least one of cough, coryza, or 
conjunctivitis, with laboratory con�rmation by detection of 
measles-speci�c IgM antibodies in serum. Measles IgM 
testing was performed for all enrolled patients using the 
enzyme-linked immunosorbent assay (ELISA) method at 
the DHQ Hospital Dera Ismail Khan laboratory, following 
manufacturer protocols and internal quality control 
procedures. Exclusion criteria included children with pre-
existing congenital heart disease, chronic respiratory 
disorders (including bronchial asthma), documented 
neurological disorders, known immunode�ciency, or those 
receiving immunosuppressive therapy, as these conditions 
may independently increase the risk of pneumonia and 
confound study outcomes. After obtaining written 
informed consent from parents or legal guardians, 
demographic and clinical data were recorded using a 
structured proforma. Collected variables included age (in 
years), gender, weight, vaccination status (veri�ed through 
immunization cards or parental recall), residence 
(urban/rural), and socioeconomic status. Nutritional status 
was operationally de�ned using weight-for-age Z-scores 
according to WHO growth standards. Children with a 
weight-for-age Z-score ≥ -2 standard deviations were 
categorized as well-nourished, while those with a Z-score < 
-2 standard deviations were classi�ed as malnourished 
[11]. Socioeconomic status was assessed using the 
Modi�ed Kuppuswamy Socioeconomic Scale (2023 
updated version) [12], with income categories adapted to 
Pakistani Rupees (PKR) according to prevailing economic 
standards during the study period. Participants were 
classi�ed into lower, middle, and upper socioeconomic 
groups based on composite scores. Pneumonia was 
operationally de�ned as the presence of cough, fever 
≥38.3°C, and age-adjusted tachypnea, con�rmed 
radiographically by chest X-ray demonstrating alveolar 
opacity, patchy in�ltrates, or pleural effusion. Radiographs 
were interpreted independently by consultant radiologists 
blinded to clinical data.
Data were entered and analyzed using IBM SPSS Statistics 
version 25. Categorical variables were summarized as 
frequencies and percentages, while continuous variables 
were reported as mean ± standard deviation and range. 
Associations between categorical  variables and 
pneumonia were assessed using the chi-square test. 
Fisher's exact test was applied when expected cell counts 
were less than �ve or when zero-cell frequencies were 

This cross-sectional analytical study was conducted in the 
Department of Pediatrics, District Headquarters (DHQ) 
Hospital, Dera Ismail Khan, the main public-sector tertiary 
referral center for pediatric infectious diseases in the 
district, serving an estimated population of approximately 
1.7 million in southern Khyber Pakhtunkhwa, Pakistan. The 
study was carried out from September 2024 to January 
2025 following approval from the Ethical Review 
Committee of Gomal Medical College (Reference No. 
146/G JMS/JC; dated 25th Sepetmber, 2024) and 
registration with the Research Training and Monitoring Cell 
of the College of Physicians and Surgeons Pakistan (RTMC 
Registration No. CPSP/REU/PED-2023-029-7549; dated 
25th October 2024). The sample size was calculated using 
the World Health Organization (WHO) sample size 
calculator for descriptive studies, assuming an expected 
pneumonia frequency of 31.13% [10] among measles cases, 
a 95% con�dence level, and a 7% margin of error, resulting 
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observed. Multivariable logistic regression analysis was 
performed to identify factors independently associated 
with pneumonia. Adjusted odds ratios (AORs) with 95% 
con�dence intervals were reported. Model �t was 
evaluated using the Hosmer–Lemeshow goodness-of-�t 
test and Nagelkerke R². A two-tailed p-value < 0.05 was 
considered statistically signi�cant.
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A total of 169 children diagnosed with measles were 
enrolled in this study. Pneumonia was observed in 54 
children, yielding an overall prevalence of 32.0% (95% CI: 
25.0%–39.0%). The mean age of participants was 7.1 ± 3.6 
years (range: 2–15 years), with the largest proportion 
belonging to the 6–10 years age group (42.6%), followed by 
2–5 years (40.2%) and 11–15 years (17.2%). Male children 
constituted 55.0% of the sample. The mean weight was 21.2 
± 8.5 kg. Most participants were malnourished (58.0%), 
belonged to lower socioeconomic households (63.9%), and 
resided in rural areas (62.1%). Detailed demographic and 
baseline characteristics are presented in table 1.

R E S U L T S

Table 1: Demographic Characteristics of Stroke Patients (n=177)
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Variables n (%) / Mean ± SDCategories

Mean ± SD

Range

2–5 Years

6–10 Years

11–15 Years

Male

Female

Mean ± SD

Range

Immunized

Not Immunized

Well-Nourished

Malnourished

7.1 ± 3.6

2–15

68 (40.2%)

72 (42.6%)

29 (17.2%)

93 (55.0%)

76 (45.0%)

21.2 ± 8.5

9.1–41.8

47 (27.8%)

122 (72.2%)

71 (42.0%)

98 (58.0%)

Age (years)

Age Groups

Gender

Weight (kg)

Vaccination Status

Nutritional Status

Lower Class

Middle Class

Upper Class

Urban

Rural

108 (63.9%)

49 (29.0%)

12 (7.1%)

64 (37.9%)

105 (62.1%)

Socioeconomic Status

Place of Residence

The mean fever temperature at presentation was 38.9 ± 
0.4°C, and the mean duration of symptoms before hospital 
presentation was 4.4 ± 1.3 days. Cough was reported in 
89.9% of children, and tachypnea was observed in 35.5%. 
Pneumonia occurred in 32.0% of cases. Clinical features 
are summarized in table 2.

Table 2: Clinical Characteristics and Pneumonia Frequency 

(n=169)

Variables n (%) / Mean ± SDCategories/Values

54 (32.0%)

115 (68.0%)

Present

Absent
Pneumonia

38.9 ± 0.4

38.3–39.8

4.4 ± 1.3

3–7

152 (89.9%)

17 (10.1%)

60 (35.5%)

109 (64.5%)

°C

Range

Days

Range

Present

Absent

Present

Absent

Fever Temperature

Duration of Measles

Cough

Tachypnea

In bivariate analysis, signi�cant associations were 
χobserved between pneumonia and age group ( ² = 19.432, 

χp<0.001), nutritional status ( ² = 52.536, p<0.001), and place 
χof residence ( ² = 4.811, p=0.028). Malnourished children 

demonstrated markedly higher pneumonia frequency 
(54.1%) compared with well-nourished children (1.4%). 
Pneumonia was most common among children aged 2–5 
years (45.6%) and was not observed in adolescents aged 
11–15 years. No signi�cant association was found between 
gender or socioeconomic status and pneumonia 
occurrence. These �ndings are detailed in table 3.

Table 3: Bivariate Association Between Risk Factors and Pneumonia (n=169)

Variables Categories Pneumonia Absent, n (%) χ² (p-value)* Cramer's VPneumonia Present, n (%)

6–10 Years

11–15 Years

Male

Female

Well-Nourished

Malnourished

Lower

Middle

Upper

Urban

Rural

2–5 Years 31 (45.6%)

23 (31.9%)

0 (0.0%)

33 (35.5%)

21 (27.6%)

1 (1.4%)

53 (54.1%)

38 (35.2%)

13 (26.5%)

3 (25.0%)

14 (21.9%)

40 (38.1%)

37 (54.4%)

49 (68.1%)

29 (100.0%)

60 (64.5%)

55 (72.4%)

70 (98.6%)

45 (45.9%)

70 (64.8%)

36 (73.5%)

9 (75.0%)

50 (78.1%)

65 (61.9%)

Age Group

Gender

Nutritional Status

Socioeconomic Status

Place of Residence

19.432 (<0.001)

1.186 (0.276)

52.536 (<0.001)

1.448 (0.485)

4.811 (0.028)

0.339

0.084

0.558

0.093

0.169

*Chi-square test applied; p <0.005 considered statistically signi�cant
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28.4% of unvaccinated children with measles in Romania 

[2], while Mehta et al. documented a frequency of 35.2% 

among pediatric measles cases in India [13]. Regional 

Pakistani data have reported pneumonia frequencies 

ranging from approximately 29% to 42% among 

hospitalized children with measles [14, 15]. These 

comparisons suggest that the burden observed in Dera 

Ismail Khan is broadly consistent with patterns reported in 

comparable socioeconomic and healthcare contexts. 

Younger children demonstrated higher pneumonia 

frequency in bivariate analysis, particularly those aged 2–5 

years. This observation aligns with existing literature 

indicating that younger children may be more vulnerable to 

severe measles complications due to immature immune 

responses and higher baseline rates of malnutrition [16]. 

However, in multivariable logistic regression, age was 

analyzed as a continuous variable and demonstrated a 

protective association, with increasing age associated 

with lower odds of pneumonia. This �nding should be 

interpreted cautiously, as cross-sectional data cannot 

establish temporal or causal relationships. Vaccination 

status showed a strong inverse association with 

pneumonia in bivariate analysis, with no pneumonia cases 

observed among immunized children. Because of 

complete separation, vaccination status was excluded 

from the multivariable model. Using Fisher's exact test and 

Haldane–Anscombe correction, non-immunized children 

had signi�cantly higher crude odds of pneumonia (OR = 

75.6; 95% CI: 4.6–1254.2). Although the magnitude of this 

association appears large, the wide con�dence interval 

re�ects statistical imprecision related to the zero-cell 

frequency and sample size limitations. Therefore, the 

strength of association should be interpreted with caution. 

These �ndings are biologically plausible and consistent 

with evidence that measles vaccination reduces the risk of 

severe complications and case-fatality [17, 18]. However, 

given the study design, causality cannot be inferred. 

Malnutrition demonstrated the strongest independent 

association with pneumonia after adjustment (AOR = 

125.96; 95% CI: 15.70–1010.86). Despite the large adjusted 

odds ratio, the wide con�dence interval suggests 

variability and possible overestimation in�uenced by event 

distribution and sample size. The association between 

undernutrition and severe measles outcomes has been 

consistently reported in the literature [14, 19]. Malnutrition 

impairs cell-mediated immunity, reduces mucosal barrier 

integrity, and predisposes children to secondary bacterial 

infections. Furthermore, vitamin A supplementation has 

been shown to reduce measles-related morbidity and 

mortality in children [20]. These study �ndings support 

existing evidence emphasizing the importance of 

nutritional assessment and supportive care in children with 

D I S C U S S I O N

Pneumonia occurred exclusively among non-immunized 

children (44.3%) and was not observed among immunized 

children (0%). Because of a zero-cell frequency, Fisher's 

exact test was applied, demonstrating a statistically 

s i g n i � c a n t  a s s o c i a t i o n  ( p < 0 . 0 0 1 ) .  U s i n g  t h e 

Haldane–Anscombe continuity correction to account for 

the zero cell, non-immunized children had signi�cantly 

higher odds of pneumonia compared with immunized 

children (crude OR = 75.6; 95% CI: 4.6–1254.2) as shown in 

table 4.
Table 4: Association Between Vaccination Status and Pneumonia 

(n=169)
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p-
value

<0.672*

Pneumonia
(No), n (%)

Total, n (%)
Pneumonia
(Yes), n (%)

Vaccination
Status

Immunized

Not immunized

Total

47 (27.8%)

122 (72.2%)

169 (100%)

0 (0.0%)

54 (44.3%)

54 (32.0%)

47 (100.0%)

68 (55.7%)

115 (68.0%)

*Fisher's exact test applied due to zero cell frequency. †Crude 

odds ratio calculated using Haldane–Anscombe continuity 

correction (OR = 75.6; 95% CI: 4.6–1254.2)

To identify independent factors associated with 

pneumonia, multivariable logistic regression analysis was 

performed. Vaccination status was excluded from the 

regression model due to complete separation (no 

pneumonia events among immunized children). The overall 
χmodel was statistically signi�cant (Omnibus test ² = 97.051, 

p<0.001) and demonstrated good �t (Hosmer–Lemeshow 

p=0.460; Nagelkerke R² = 0.612). After adjustment for 

confounders Malnutrition remained strongly associated 

with pneumonia (AOR = 125.96, 95% CI: 15.70–1010.86, 

p<0.001). Rural residence was independently associated 

with higher odds of pneumonia (AOR = 2.91, 95% CI: 

1.04–8.12, p=0.041). Increasing age was protective, with 

each additional year associated with a 27% reduction in 

odds of pneumonia (AOR = 0.73, 95% CI: 0.63–0.85, 

p<0.001). Gender and socioeconomic status were not 

independently associated with pneumonia. Multivariable 

results are presented in table 5.

Table 5: Multivariable Logistic Regression Analysis of Factors 

Associated with Pneumonia (n=169)

Variables Adjusted OR p-value95% CI

<0.001

0.305

<0.001

0.041

0.289

0.931

0.63 – 0.85

0.65 – 4.07

15.70 – 1010.86

1.04 – 8.12

0.44 – 16.13

0.14 – 6.12

0.73

1.62

125.96

2.91

2.65

0.92

Age (Per Year Increase)

Male Gender

Malnourished vs Well-Nourished

Rural Residence vs Urban

SES – Lower vs Upper

SES – Middle vs Upper

This frequency is comparable to �ndings reported in 

similar hospital-based studies from low- and middle-

income countries. Turaiche et al. reported pneumonia in 



measles. Rural residence was independently associated 

with higher odds of pneumonia (AOR = 2.91; 95% CI: 

1.04–8.12). This association may re�ect disparities in 

healthcare access,  delayed presentation,  lower 

immunization coverage, and higher prevalence of 

malnutrition in rural communities. Similar patterns have 

been observed in regional studies examining measles 

complications in underserved populations [14, 15]. These 

�ndings highlight the potential in�uence of social 

determinants of health on complication severity.

The present study contributes district-level data from 

southern Khyber Pakhtunkhwa, where contemporary 

hospital-based evidence remains limited. Nevertheless, 

several limitations should be acknowledged. First, the 

cross-sectional design does not allow assessment of 

temporal sequence or causal inference. Second, the 

single-center setting may limit generalizability to other 

regions. Third, the zero-cell frequency in vaccination 

status limited regression modeling and resulted in wide 

con�dence intervals for crude estimates. Despite these 

limitations, laboratory con�rmation of measles and 

multivariable adjustment strengthen the internal validity of 

the �ndings.

PJHSL VOL. 7 Issue. 06 June 2026
67

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

In conclusion, pneumonia was observed in approximately 

one-third of children hospitalized with measles at DHQ 

Hospital, Dera Ismail Khan. Malnutrition and rural residence 

were independently associated with higher odds of 

pneumonia, while increasing age demonstrated a 

protective association. Vaccination status showed a 

strong inverse association with pneumonia in bivariate 

analysis; however, due to complete separation and study 

design limitations, this �nding should be interpreted 

cautiously. These �ndings suggest that strengthening 

routine immunization coverage and addressing childhood 

malnutrition may contribute to reducing the burden of 

severe measles-related complications in similar settings. 

F u r t h e r  m u l t i c e n t e r  p r o s p e c t i v e  s t u d i e s  a r e 

recommended to con�rm these associations and provide 

more precise effect estimates.
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Obstructive jaundice requires accurate differentiation between benign and malignant causes to 

guide management and prognosis. Magnetic resonance cholangiopancreatography (MRCP) is 

increasingly used as a non-invasive diagnostic modality; however, local evidence comparing 

MRCP �ndings with histopathology remains limited. Objectives: To evaluate the diagnostic 

accuracy of MRCP in differentiating benign from malignant obstructive jaundice using 

histopathology as the reference standard. Methods: This retrospective cross-sectional study 

included 103 patients with obstructive jaundice who underwent MRCP followed by 

histopathological con�rmation between June and December 2025. Biochemical parameters 

and imaging �ndings were analyzed. Sensitivity, speci�city, predictive values, overall accuracy, 

and area under the receiver operating characteristic curve (AUC) were calculated. Results: 

Histopathology con�rmed 54 (52.4%) benign and 49 (47.6%) malignant cases. Total bilirubin, 

direct bilirubin, ALT, AST, ALP, and CA 19-9 levels were signi�cantly higher in malignant cases (all 

p<0.001), while duration of jaundice, GGT, and stricture length showed no signi�cant difference 

(p>0.005). MRCP demonstrated a sensitivity of 95.9%, speci�city of 96.3%, positive predictive 

value of 95.9%, negative predictive value of 96.3%, and overall accuracy of 96.1%. ROC analysis 

showed excellent diagnostic performance (AUC = 0.961; 95% CI: 0.918–1.000; p<0.001). 

Conclusions: MRCP demonstrates excellent diagnostic accuracy in differentiating malignant 

from benign obstructive jaundice and serves as a reliable non-invasive imaging modality for 

clinical decision-making
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Obstructive jaundice is a common clinical condition 
encountered in hepatobiliary practice and results from 
mechanical obstruction of the biliary tract, leading to 
impaired bile �ow and conjugated hyperbilirubinemia [1]. 
Globally, obstructive jaundice accounts for a signi�cant 
proportion of hepatobiliary admissions, with malignant 
causes reported in approximately 40–60% of adult cases, 
particularly in patients above 50 years of age [2]. The 
etiology ranges from benign conditions such as 
choledocholithiasis, benign strictures, and chronic 

p a n c r e a t i t i s  t o  m a l i g n a n t  d i s e a s e s ,  i n c l u d i n g 
cholangiocarcinoma,  ampul lar y  carcinoma,  and 
pancreatic carcinoma [3]. Differentiating benign from 
malignant obstruction is crucial because management 
strategies, surgical planning, and prognosis differ 
markedly between the two groups [4]. Biochemical 
assessment and imaging studies form the cornerstone of 
evaluation [5]. Serum biomarkers, including total and 
direct bilirubin, alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), transaminases (ALT, AST), and 



tumor marker CA 19-9, are commonly used in clinical 
practice [6]. Elevated CA 19-9 levels have been associated 
with biliary malignancy; however, false elevation may occur 
in benign obstructive and in�ammatory conditions, limiting 
its speci�city. Therefore, no single biochemical marker can 
reliably distinguish malignant from benign obstruction. 
Ultrasonography is often the �rst-line imaging modality, 
but its diagnostic accuracy is limited by operator 
dependency and suboptimal visualization of distal bile 
d u c t s  [ 7 ] .  E n d o s c o p i c  r e t r o g r a d e 
cholangiopancreatography (ERCP) has traditionally served 
both diagnostic and therapeutic roles, but carries 
procedure-related risks such as pancreatitis and 
c h o l a n g i t i s [ 8 ] .  M a g n e t i c  r e s o n a n c e 
cholangiopancreatography (MRCP) has emerged as a non-
invasive imaging modality that provides high-resolution 
visualization of the biliary and pancreatic ducts without 
contrast injection or instrumentation [8, 9]. Several 
studies have reported high sensitivity and speci�city of 
MRCP in differentiating malignant from benign biliary 
strictures; however, variability in diagnostic performance 
has been observed across different populations and 
healthcare settings [10,  11].  In resource-limited 
environments, access to advanced diagnostic modalities 
may be constrained, making accurate non-invasive tools 
even more critical. Histopathology remains the de�nitive 
m et h o d  fo r  c o n � r m i n g  m a l i g n a n c y  [ 1 2 ] .  I t  wa s 
hypothesized that MRCP demonstrates high diagnostic 
accuracy in differentiating malignant from benign 
obstructive jaundice when compared with histopathology 
as the reference standard. 
Despite increasing use of MRCP, there is limited local 
evidence directly correlating MRCP �ndings with 
histopathological outcomes in patients with obstructive 
jaundice. Furthermore, the combined diagnostic value of 
MRCP alongside routinely available biochemical 
parameters has not been adequately explored in our 
setting. This represents an important research gap. 
Therefore, the present study aimed to evaluate the 
diagnostic performance of MRCP by determining its 
sensitivity, speci�city, predictive values, overall accuracy, 
and area under the ROC curve, and to correlate imaging 
�ndings with biochemical  parameters and �nal 
histopathological diagnosis.
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obstructive jaundice using histopathology as the reference 
(gold) standard. The study included all patients who 
underwent MRCP for evaluation of obstructive jaundice and 
subsequently had histopathological con�rmation within 
the study period. The study received ethical approval from 
the Ethical Review Board of MTI Bacha Khan Medical 
College, Mardan (Ref No. 937/BKMC; dated 14th January 
2026), prior to data extraction and analysis and was 
conducted in accordance with the Declaration of Helsinki. 
Written informed consent had been obtained from all 
patients at the time of hospital admission and before 
undergoing radiological and surgical procedures, and this 
was documented in their medical records. Although the 
present analysis was retrospective, patient con�dentiality 
was strictly maintained, and all data were anonymized 
before statistical analysis. The sample size was calculated 
using the World Health Organization (WHO) sample size 
calculator for diagnostic test evaluation. Assuming an 
expected sensitivity of MRCP of 90% [9], a con�dence level 
of 95%, and an absolute precision of 5%, the minimum 
required sample size was estimated to be 92 patients. To 
compensate for incomplete records and improve the 
precision of diagnostic estimates, a total of 103 patients 
were included in the �nal analysis. Consecutive sampling 
was employed. Adult patients aged 18 years and above with 
clinical and biochemical features suggestive of obstructive 
j a u n d i c e  w h o  u n d e r w e n t  M R C P  f o l l o w e d  b y 
histopathological con�rmation were included in the study. 
Patients with incomplete biochemical records, absence of 
h i s t o p a t h o l o g i c a l  c o n � r m a t i o n ,  p r i o r  b i l i a r y 
reconstructive surgery altering normal anatomy, or poor-
quality MRCP images were excluded. MRCP was performed 
using a 1.5 Tesla high-�eld MRI scanner following a 
standardized hepatobiliary imaging protocol. Axial and 
coronal heavily T2-weighted sequences were acquired to 
optimally visualize the biliary tree and pancreatic ductal 
system. Imaging parameters, including slice thickness and 
�eld of view, were kept uniform for all patients to ensure 
consistency. All MRCP images were independently 
evaluated by two consultant radiologists with more than 
�ve years of experience in hepatobiliary imaging who were 
blinded to the histopathological �ndings, and any 
discrepancies were resolved by consensus to enhance 
reliability. The radiological parameters documented 
included the level of obstruction (intrahepatic or 
extrahepatic), distal common bile duct involvement, hilar 
involvement, degree of biliary dilatation, morphology of 
stricture, presence of abrupt cut-off, mass lesion, 
pancreatic head mass, lymphadenopathy, vascular 
invasion, gallstones, and stricture length. The degree of 
biliary dilatation was categorized as mild, moderate, or 
severe based on duct diameter measurements. Stricture 
length was measured in millimeters on coronal reformatted 

In this retrospective cross-sectional study, patients were 
assessed between June and December 2025 in the 
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magnetic resonance cholangiopancreatography (MRCP) in 
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MRCP images using electronic calipers available in the 
radiology workstation software. Measurements were taken 
from the proximal to distal margins of luminal narrowing 
along the bile duct axis. Prede�ned radiological criteria 
were used to classify lesions as benign or malignant. 
Features suggestive of malignancy included irregular or 
asymmetric strictures, abrupt cut-off, associated mass 
lesion, lymphadenopathy, vascular invasion, and marked 
upstream biliary dilatation, whereas smooth tapered 
strictures without invasive features were categorized as 
benign. Clinical and biochemical data were retrieved from 
hospital records. The laboratory parameters analyzed 
included total bilirubin (mg/dL), direct bilirubin (mg/dL), 
a lanine aminotransferase (ALT,  U/L) ,  aspar tate 
aminotransferase (AST, U/L), alkaline phosphatase (ALP, 
U/L), gamma-glutamyl transferase (GGT, U/L), and 
carbohydrate antigen 19-9 (CA 19-9, U/mL). Venous blood 
samples were collected under aseptic conditions at the 
time of initial clinical presentation before any surgical or 
endoscopic intervention. Serum bilirubin, ALT, AST, ALP, 
and GGT levels were measured using an automated clinical 
chemistry analyzer based on standardized enzymatic 
colorimetric methods in the hospital laboratory. CA 19-9 
levels were determined using a chemiluminescent 
immunoassay technique. All  measurements were 
performed according to manufacturer guidelines and 
internal laboratory quality control protocols, and results 
were recorded in standard international units. The 
de�nitive reference standard was histopathological 
diagnosis obtained from biopsy or surgical specimens. All 
tissue samples were processed in the Department of 
Pathology using standard hematoxylin and eosin staining 
techniques and examined by consultant pathologists. 
Cases were categorized as benign or malignant based on 
microscopic evaluation, and speci�c histopathological 
diagnoses were documented. MRCP �ndings were 
compared with histopathological results to determine 
true-positive, true-negative, false-positive, and false-
negative outcomes.
Data were entered and analyzed using SPSS version 25.0. 
The Shapiro-Wilk test was applied to assess the normality 
of quantitative variables. Variables with normal distribution 
were presented as mean ± standard deviation, whereas 
non-normally distributed variables were presented as 
median and interquartile range. Independent samples t-
test or Mann–Whitney U test was used to compare benign 
and malignant groups, as appropriate. Categorical 
variables were expressed as frequencies and percentages 
and compared using the chi-square test. Sensitivity, 
speci�city, positive predictive value, negative predictive 
value, and overall diagnostic accuracy were calculated 
using standard 2×2 contingency tables. Receiver operating 
characteristic (ROC) curve analysis was performed to 
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A total of 103 patients with obstructive jaundice were 
included in the study. The mean age was 55.63 ± 15.93 years 
(range 28–82 years), and the mean duration of jaundice was 
6.47 ± 3.67 weeks. Males constituted 53.4% of the study 
population. Pruritus, abdominal pain, weight loss, and fever 
were reported in 53.4%, 55.3%, 50.5%, and 51.5% of 
patients, respectively. Diabetes mellitus and hypertension 
were present in 49.5% and 54.4% of cases (Table 1).

R E S U L T S

Table 1: Baseline Characteristics of Patients (n=103)
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evaluate the discriminative ability of MRCP, and the area 
under the curve (AUC) with 95% con�dence interval was 
reported. A p-value of less than 0.005 was considered 
statistically signi�cant.

Variables Mean ± SD / n (%)

Age (Years)

Duration of Jaundice (Weeks)

Male Gender

Pruritus

Weight Loss

Abdominal Pain

Fever

Diabetes Mellitus

Hypertension

55.63 ± 15.93

6.47 ± 3.67

55 (53.4%)

55 (53.4%)

52 (50.5%)

57 (55.3%)

53 (51.5%)

51 (49.5%)

56 (54.4%)

Histopathological examination classi�ed 54 (52.4%) cases 
as benign and 49 (47.6%) as malignant. There was no 
statistically signi�cant difference in age between benign 
and malignant groups (p=0.883). Duration of jaundice, GGT 
levels, and stricture length also did not differ signi�cantly 
(p>0.05). However, total bilirubin, direct bilirubin, ALT, AST, 
ALP, and CA 19-9 levels were signi�cantly elevated in 
patients with malignant obstruction compared to benign 
cases (all p<0.001), indicating more severe cholestatic and 
hepatocellular injury in malignant disease (Table 2).

Table 2: Comparison of Clinical and Biochemical Variables by 

Histopathology

Variables
p-

value
Malignan

 (n=49)
Benign (n=54)

Age (years), Mean ± SD

Duration (weeks), Median (IQR)

Total Bilirubin (mg/dL)

Direct Bilirubin (mg/dL)

ALT (U/L)

AST (U/L)

ALP (U/L)

GGT (U/L)

CA 19-9 (U/mL)

Stricture Length (mm)

55.85 ± 16.50

6.5 (7.0%)

6.25 (4.08%)

3.75 (2.45%)

97.5 (39.5%)

97.5 (47.25%)

348.0 (160.5%)

222.0 (136.5%)

83.5 (43.5%)

22.5 (19.0%)

55.39 ± 15.45

6.0 (7.0%)

13.10 (4.40%)

9.20 (3.10%)

164.0 (44.5%)

143.0 (48.5%)

676.0 (218.5%)

230.0 (121.5%)

451.0 (428.5%)

22.0 (16.5%)

0.883†

0.979‡

<0.001‡

<0.001‡

<0.001‡

<0.001‡

<0.001‡

0.577‡

<0.001‡

0.399‡

† Independent t-test. ‡ Mann–Whitney U test

MRCP identi�ed extrahepatic obstruction in 59.2% of 
cases and intrahepatic obstruction in 40.8%. Distal 
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Obstructive jaundice remains a clinically challenging 

condition in which early differentiation between benign 

and malignant etiologies is essential for appropriate 

management and prognosis. Current international 

guidelines recommend a structured diagnostic approach 

integrating biochemical evaluation with high-quality 

cross-sectional imaging before proceeding to invasive 

procedures [13-15]. In this context, MRCP has gained 

recognition as a reliable non-invasive modality for the 

evaluation of biliary obstruction. In the present study, 

MRCP demonstrated excellent diagnostic performance, 

with a sensitivity of 95.9%, speci�city of 96.3%, overall 

D I S C U S S I O N

common bile duct involvement was observed in 53.4% and 
hilar involvement in 42.7% of patients. Moderate biliary 
dilatation was the most common pattern (42.7%), followed 
by mild (30.1%) and severe (27.2%). Irregular strictures and 
abrupt cut-off were observed in 53.4% and 54.4% of cases, 
respectively. A mass lesion was detected in 38.8% of 
patients. Pancreatic head mass, lymphadenopathy, and 
vascular invasion were present in 47.6%, 53.4%, and 49.5% 
of patients, respectively. The mean stricture length was 
21.47 ± 10.70 mm (Table 3).

curve (AUC) of 0.961 (95% CI: 0.918–1.000; p<0.001) (Table 5).

Table 3: MRCP Imaging Characteristics (n=103)

De�nitive histopathological diagnosis revealed 54 (52.4%) 

benign and 49 (47.6%) malignant cases. Among benign 

causes, benign stricture was most frequent (21.4%), 

fo l l o w e d  b y  c h r o n i c  p a n c r e a t i t i s  ( 1 7. 5 % )  a n d 

choledocholithiasis (13.6%). Among malignant etiologies, 

cholangiocarcinoma was the most common (19.4%), 

followed by ampullary carcinoma (16.5%) and pancreatic 

carcinoma (11.7%) (Table 4).
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n (%) / Mean ± SDVariables

Extrahepatic Obstruction

Intrahepatic Obstruction

Distal CBD Involvement

Hilar Involvement

Moderate Dilatation

Irregular Stricture

Abrupt Cut-Off

Mass Lesion Detected

Pancreatic Head Mass

Lymphadenopathy

Vascular Invasion

Gallstones

Stricture Length (mm)

61 (59.2%)

42 (40.8%)

55 (53.4%)

44 (42.7%)

44 (42.7%)

55 (53.4%)

56 (54.4%)

40 (38.8%)

49 (47.6%)

55 (53.4%)

51 (49.5%)

53 (51.5%)

21.47 ± 10.70

Table 4: Histopathological Spectrum (n=103)

n (%)

Benign

Malignant

Category Diagnosis

Benign Stricture

Chronic Pancreatitis

Choledocholithiasis

Cholangiocarcinoma

Ampullary Carcinoma

Pancreatic Carcinoma

22 (21.4%)

18 (17.5%)

14 (13.6%)

20 (19.4%)

17 (16.5%)

12 (11.7%)

Using histopathology as the reference standard, MRCP 

correctly identi�ed 47 true-positive and 52 true-negative 

cases, with 2 false-positive and 2 false-negative results. 

MRCP demonstrated a sensitivity of 95.9% and speci�city 

of 96.3% in differentiating malignant from benign 

obstruction. The positive predictive value and negative 

predictive value were 95.9% and 96.3%, respectively. The 

overall diagnostic accuracy was 96.1%. Receiver operating 

characteristic (ROC) curve analysis further con�rmed 

excellent diagnostic performance, with an area under the 

Table 5: Diagnostic Performance of MRCP Compared with 

Histopathology

47

52

2

2

95.9%

96.3%

95.9%

96.3%

96.1%

0.961 (0.918–1.000)

True positive

True negative

False positive

False negative

Sensitivity

Speci�city

PPV

NPV

Accuracy

AUC (95% CI)

Parameters Value

ROC curve of MRCP for differentiating malignant from 
benign obstructive jaundice using histopathology as a 
reference standard. Receiver operating characteristic 
(ROC) curve of MRCP for differentiating malignant from 
benign obstructive jaundice using histopathology as the 
gold standard. The area under the curve (AUC) was 0.961 
(95% CI: 0.918–1.000; p<0.001), indicating excellent 
diagnostic performance (Figure 1).

Figure 1: ROC Curve of MRCP for Differentiating Malignant from 

Benign Obstructive Jaundice Using Histopathology as Reference 

Standard



accuracy of 96.1%, and an AUC of 0.961 when compared 

with histopathology. These �ndings are consistent with 

recent regional and international studies reporting 

sensitivity ranging from 90% to 96% and speci�city 

exceeding 90% in differentiating malignant from benign 

biliary obstruction [16, 17]. The high AUC observed in this 

study further con�rms the strong discriminative ability of 

MRCP in clinical practice. Radiological patterns observed in 

malignant cases, including irregular strictures, abrupt cut-

off, associated mass lesion, lymphadenopathy, and 

vascular invasion, align with established imaging 

characteristics of biliary malignancy described in 

contemporary literature [18, 19]. Extrahepatic and distal 

common bile duct involvement was frequently observed in 

malignant cases, which corresponds with known 

distribution patterns of cholangiocarcinoma and 

pancreatic malignancies. These �ndings reinforce the 

reliability of morphological criteria in MRCP-based 

assessment. Biochemical parameters also showed 

signi�cant differences between benign and malignant 

groups. Elevated total and direct bilirubin, transaminases, 

ALP, and CA 19-9 levels were associated with malignant 

obstruction. The signi�cant elevation of CA 19-9 in 

malignant cases is consistent with recent evidence 

supporting its adjunctive role in cholangiocarcinoma and 

pancreatic cancer diagnosis [19, 20]. However, as reported 

in previous studies, CA 19-9 lacks absolute speci�city due 

to false elevation in benign cholestatic and in�ammatory 

conditions, limiting its independent diagnostic utility. In 

the present study, MRCP demonstrated superior 

discriminative performance compared with individual 

biochemical markers, supporting its role as the primary 

non-invasive diagnostic modality. A major strength of this 

study is the use of histopathology as the reference 

standard, minimizing diagnostic misclassi�cation. The 

nearly balanced distribution of benign and malignant cases 

enhances the reliability of sensitivity and speci�city 

estimates. Furthermore, ROC curve analysis adds robust 

statistical  validation to the reported diagnostic 

performance.

Nevertheless, certain limitations must be acknowledged. 

The study was conducted at a single tertiary care center, 

which may limit generalizability. A small number of false-

positive and false-negative cases were observed, likely due 

to overlapping imaging features between in�ammatory 

strictures and malignancy. Advanced imaging modalities 

such as PET/MRI or diffusion-weighted imaging were not 

evaluated and may further re�ne diagnostic pathways in 

future research. Multicenter studies with larger sample 

s i z e s  a n d  s t a n d a r d i z e d  r e p o r t i n g  c r i t e r i a  a r e 

recommended to validate these �ndings. Overall, the 

�ndings support current guideline recommendations 

positioning MRCP as a �rst-line imaging modality in the 

evaluation of obstructive jaundice. Its high sensitivity, 

speci�city, and negative predictive value make it an 

effective non-invasive gatekeeper investigation before 

invasive diagnostic procedures such as ERCP or surgical 

exploration, particularly in resource-constrained settings.
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MRCP demonstrated excellent diagnostic accuracy in 

differentiating benign from malignant causes of 

obstructive jaundice when compared with histopathology 

as the reference standard. With high sensitivity, 

s p e c i � c i t y,  p r e d i c t i ve  v a l u e s ,  a n d  s t r o n g  R O C 

performance, MRCP represents a reliable non-invasive 

imaging modality that supports accurate clinical decision-

making and may reduce unnecessary invasive procedures.
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Keratoconus is a bilateral, non-in�ammatory disease that leads to the bulging outward of a 

cone-shaped cornea affecting both genders. The major symptoms are blurring of vision, 

distortion of images, and di�culty in night driving. Objectives: To �nd the improvement in 

distance best corrected visual acuity (BCVA) and maximum keratometry (Kmax) from the 

baseline values up to three months following the implantation of ICRS. Methods: This study was 

employed as a retrospective consecutive cohort, which included all eligible keratoconus 

subjects visting Out Patient Department, Fatima Memorial Hospital. All twenty-�ve cases 

underwent a comprehensive clinical ocular examination followed by Pentacam corneal 

topography. Those willing for the Kerrara ring segment implant for visual rehabilitation were 

enrolled. All surgeries were performed by a single surgeon with Femtolaser technology. 

Results: A total of twenty-�ve subjects were implanted with Ferrara Rings. Regarding the visual 

outcome, a statistically signi�cant improvement in uncorrected visual acuity (UCVA) was 

observed following implantation of the Ferrara cornea rings (p<0.001). Similarly, the K max 

values also demonstrated a decreasing trend from 52.88 ± 4.80 preoperatively to 50.42 ± 4.61 

postoperatively (p<0.001). Hence, it was documented that a reduction in Kmax values indicates a 

signi�cant �attening in corneal regularity and topographic stability after Ferrara segment 

implantation. Conclusions: The results of this observational study showed a signi�cant 

improvement in visual acuity and a reduction in K max values due to the spacer effects of ICRS, 

resulting in an overall improvement in the quality of life of Keratoconus patients. 
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Keratoconus (KC) is a non-in�ammatory, progressive 
disorder that causes the cornea to thin and bulge outward 
into a cone shape. This consequently distorts both the 
anterior and posterior surfaces of the cornea, leading to 
irregular astigmatism and myopia. As a result, light 
entering the eye is not properly focused on the retina, 
causing blurry, distorted vision. The condition usually 
develops in the late teens or early twenties and continues 

to progress for the next ten to twenty years before 
stabilizing, although the degree of progression of the 
disease may vary widely. These patients commonly 
experience various symptoms like blurring and distortion 
of images, increased sensitivity to light and glare, and 
driving at night becomes di�cult due to halos around 
bright light. Moreover, subjects complain of frequent 
changes in the prescription of eyeglasses and intolerance 



to contact lenses [1]. Multiple factors have been implicated 
in the pathophysiology of keratoconus. In the past, it was 
considered primarily as a biomechanical disorder leading 
to bulging of the cornea. However, recent research 
highlighted that structural abnormalities within the 
cornea, disruptions in collagen lamellae, reduced levels of 
collagen crosslinking, and deranged lysosomal enzyme 
activity were the main pillars of etiology and progression of 
Keratoconus [2]. In addition, very recently, the signi�cant 
role of immunologic changes and oxidative stress has been 
implicated as a causative factor. The increased levels of 
cytokines, including IL-1β, IL-6, IL-17, and TNF-α, along with 
increased apoptosis of keratocytes, have supported it [3]. 
Furthermore, it was postulated that high oxidative stress 
stimulated the collagenase and gelatinase enzymes, 
contributing to collagen degradation. There is a high rate of 
cousin marriages in this country; consequently, the role of 
genetic predisposition is an important risk factor leading to 
the development of disease in young people. Additionally, 
multiple environmental factors, such as high levels of 
humidity, wind, dust, and dirt, can lead to chronic allergic 
responses in the eyes. Consequently, it is associated with 
frequent and forceful rubbing of the eyes. All these factors 
have been strongly implicated, possibly by inducing 
mechanical stress that triggers the release of pro-
in�ammatory mediators, ultimately contributing to 
s t r u c t u r a l  m o d i � c a t i o n s  a n d  e c t a s i a .  D e s p i t e 
advancements in operative techniques for managing 
corneal diseases, keratoconus remains a frequent 
indication for penetrating keratoplasty in underdeveloped 
countries of Southeast Asia. Hence, there was a dire need 
for effective, minimally invasive interventions to manage 
visually debilitating conditions like keratoconus. 
Intrastromal Corneal Ring Segments (ICRS), Ferrara rings, 
a r e  s m a l l ,  c l e a r  d e v i c e s  m a d e  u p  o f 
polymethylmethacrylate (PMMA). The fundamental 
mechanism of ICRS involves the implantation within the 
mid-corneal peripheral part of the stroma. It is usually 
placed at approximately two-thirds of the corneal depth, 
outside the central optical zone. The rings act as spacer 
elements between corneal lamellae; these segments 
induce an arc-shortening effect, which effectively 
shortens the central arc length of the cornea and 
consequently �attens the central anterior conical surface 
of the cornea [4]. Due to this reshaping, it will regularize the 
irregular astigmatism and reduce the associated myopia, 
thereby improving visual acuity. It has been observed that 
the degree of corneal �attening achieved is directly 
proportional to the thickness and inversely proportional to 
the diameter of the intracorneal ring segments [5]. In 
addition, patient counseling, such as reduced eye rubbing 
and avoiding dusty, windy environments, might also 
contribute to perceived stability. ICRS implantation has 
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This retrospective observational cohort study design was 
based on reviewing the electronic medical records of 
keratoconus patients who underwent Ferrara ring 
segment implantation in the cornea. The study was 
conducted at Fatima Memorial Hospital College of 
Medicine and Dentistry, Lahore. The data collection was 
initiated before the approval of the institutional review 
board. In light of this methodology, the consecutive 
sampling technique was employed. The study was 
approved by the IRB of the hospital vide reference no FMH-
05/08/2025-IRB-1701 dated 15th September 2025. The 
smple size was calculated by using the WHO sample size 
formula, taking a standard deviation of nearly 3 to 4 
diopters of Kmax after the implantation of Ferrara rings in 
the cornea. With a 95% con�dence level and precision of 1.5 
diopters, the minimum sample size was calculated as 21 
eyes. With consideration of potential loss to follow-up, the 
�nal sample size of 25 eyes was selected [8]. After the 
approval, those patients who ful�lled the inclusion and 
exclusion criteria underwent implantation of Ferrara rings 
between 16 September 2025 and January 2026. The 
surgery was performed under topical anesthesia, with a 
dedicated Department of Corneal and Refractive Surgery 
on the Femtosecond LDV Z6 Platform at Amanant Eye 
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been considered a minimally invasive and reversible 
procedure for keratoconus treatment [6]. Moreover, it 
provided a valuable option to more invasive surgical 
procedures like corneal transplantation, especially for 
cases where visual acuity could no longer be adequately 
corrected with glasses and subjects were intolerant to 
contact lenses [7].
Even though it has been shown that intrastromal corneal 
ring segments (ICRS) have been effective in terms of 
enhancing the visual acuity and corneal topography, little 
has been done in terms of enduring results, extensive 
population-based results, and even comparative 
outcomes with other methods of the surgery, particularly 
in the local population with a low socioeconomic status and 
with short follow-up periods. Keratoconus causes 
cumulative visual impairment, and most patients in 
developing countries have no access to effective, least 
invasive, and sustainable methods of treatment. As such, 
there is a need to assess the short-term effectiveness and 
safety of using ICRS implantation in enhancing the visual 
and topographic performance among these populations. 
This study aimed` to evaluate the e�cacy and safety of 
ICRS implantation. The �ndings contributed preliminary 
data to the existing literature regarding the impact on 
visual, refractive, and topographic parameters and 
complications in patients with Keratoconus in the local 
population.



Centre, Lahore. The inclusion criteria for each patient were 
a history of intolerance to glasses and contact lenses, aged 
more than eighteen years, best-corrected visual acuity 
(BCVA) less than 6/12 in both eyes, Pentacam topography 
con�rmed the presence of keratoconus, and progression 
was documented on two consecutive scans at least one 
month apart from the previous examination. Moreover, a 
corneal thickness of 380 microns or greater at the 5 mm 
zone of the placement of stromal ring segments was 
established. Patients with conditions, such as a history of 
glaucoma and cataract surgeries, corneal cross-linking, 
other refractive surgeries, and keratoplasty, were also not 
considered for this procedure. Presence of corneal 
hydrops or signi�cant central corneal scarring and active 
ocular infection, especially bacterial and viral keratitis or 
uncontrolled in�ammation in either eye at the time of 
surgery. Moreover, known systemic collagen vascular 
diseases,  pregnancy,  autoimmune disorders,  or 
immunode�ciency diseases were excluded from the study. 
In this study, visual acuity was assessed by using the 
Snellen charts and converted to Log MAR values for data 
analysis. Pentam Topograph was used for corneal 
topography. On line Ferrara ring calculator was used to 
assess the number and size of the segments [9]. To ensure 
reproducibility, all measurements were conducted by a 
single Pentacam machine and the same professionally 
trained optometrist. For the safety of the subjects, broad-
spectrum Moxi�oxacin topical drops were initiated a week 
before the surgery, and a sterile environment was ensured 
in the operating room. A close post-operative follow-up 
scheduled at 1st, 2nd weeks, 1 month, and 3 months was 
maintained.
In this study, statistical analysis was performed by using 
the SPSS Statistics platform with version 23.0. Continuous 
variables like BCVA, pachymetry readings, Kmax values 
were expressed as mean ± SD to check the normal 
distr ibution.  Normality  was assessed using the 
Shapiro–Wilk tests. To compare the pre- and post-
operative values after Ferrara ring implantation using 
paired t-test was employed. In addition, the categorical 
variables were tabulated as frequencies and percentages. 
As per standardized practice, a p-value<0.050 was 
considered statistically signi�cant.
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A total of 25 patients who underwent corneal Ferrara Rings 
implantation for mild to moderate visually compromising 
keratoconus were included in this study. The mean age of 
patients in this series was 20.50 ± 2.75 SD years. There was 
a male predominance among the enrolled subjects, as 68% 
were male and 32% were female. During the postoperative 
follow-up of these cases, clinical complications were 
generally mild and self-limited. After the femtosecond 

R E S U L T S

Table 1: Demographics of Study Participants
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laser docking of the footplate on the eye, subconjunctival 
hemorrhage occurred in 56% of patients, which resolved 
within a week with topical treatment. All these patients 
underwent a surgical procedure under short-acting topical 
anesthesia. During the ring insertion, due to corneal tissue 
handling and manipulation to implant the ring, corneal 
epithelial defects were observed in 11(44%) patients. 
However, none of these cases had developed active 
stromal keratitis. In addition, no segment extrusion and 
segment decentration were observed throughout the 
follow-up period. Moreover, during the early post-operative 
follow-up, glare or haloes were reported by 14 (56%) 
patients, which progressively diminished. Regarding the 
visual outcome, a statistically signi�cant improvement in 
uncorrected visual acuity (UCVA) was observed following 
implantation of the Ferrara cornea rings (Table 1). 

Variables n (%)

17 (68%)

8 (32%)

14 (56%)

11 (44%)

0 (0%)

0 (0%)

0 (0%)

14 (56%)

Male

Female

Hemorrhage

Corneal Lesion

Keratitis

Extrusion

Decentration

Glare/Haloes

Gender

Complications

The pre-operative right-eye visual acuity assessed by the 
Log Mar chart showed a mean of 1.15 ± 1.43, which improved 
signi�cantly postoperatively to 0.34 ± 0.16 (p<0.001). In 
addition, the left-eye post-operative visual assessment 
also demonstrated a mean of 0.35 ± 0.16, compared with a 
p re - o p e r at i ve  m e a n  of  0 . 8 5  ±  0 . 1 8 .  B ot h  t h e s e 
improvements in the indices indicated a remarkable visual 
gain in both eyes following minimally invasive surgery. 
There was a signi�cant �attening of corneal curvature as 
d e m o n s t r a t e d  o n  p o s t - o p e r a t i v e  t o p o g r a p h i c 
measurements (Table 2).

Table 2: Comparison between Pre and Post Visual Outcomes

<0.001

<0.001

p-valueVisual Outcome Mean ± SD

1.15 ± 1.43

0.34 ± 0.16

0.85 ± 0.17

0.35 ± 0.16

VA Right Eye Pre-Op

VA Right Eye Post-Op

VA Left Eye Pre-Op

VA Left Eye Post-Op

The preoperative K max for the right eye was 52.58 ± 4.12, 
which decreased statistically signi�cantly to 50.42 ± 3.81 
postoperatively (p<0.001). Similarly, the left-eye K max also 
demonstrated a decreasing trend from 52.88 ± 4.80 
preoperatively to 50.42 ± 4.61 postoperatively (p < 0.001). 
Hence, it was inferred that a reduction in Kmax values 
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post-operative fol low-up, no vision-threatening 

complications like infectious keratitis, segment migration, 

or extrusion were observed. However, Bautista-Llamas 

reviewed post-operative data of Keratoconus cases and 

reported a minimum rate of complications, which led to 

migration and explantation of intrastromal corneal ring 

segments [15]. Moreover, two large series analysed the 

post-operative complications and documented that 6.1% 

ICRS were explanted from a total cohort of 572 eyes. They 

divided it into two groups; out of these, 2.6% were 

explanted for medical complications, and 3.5% for 

unfavourable refractive outcomes [16, 17]. Contrary to this, 

no device was explanted in this study. This difference might 

be due to the strict sterilization measures practiced in the 

operating room and meticulous refractive and topographic 

assessment by modern Pentacam topography. In addition, 

we performed all the procedures by using a Femtosecond 

laser with a prede�ned precise depth of the corneal tunnel 

[18]. In contrast, due to meticulous pre and post-operative 

monitoring, not a single case of migration or extrusion, or 

infectious keratitis of the device was reported in this study. 

Izquierdo et al. formalised a series of 40 eyes of central 

Keratoconus operated with Femtolaser z6 with good visual 

status. It was substantiated that both visual acuity and 

mean keratometry readings had statistically signi�cant 

improvement (p<0.001) after 1 year follow-up [19]. In the 

present study, the same methodology was practiced, and 

good visual and keratometry outcomes were inferred by 

using Femtolaser in ectatic corneas. In another 

retrospective study, Monterosso et al. opted for deep 

lamellar keratoplasty in Keratoconus patients. They 

authored a BCVA of 0.9 ± 0.08 Log MAR and zero rate of graft 

failure post-operatively. On the contrary, the safety and 

e�cacy of the Ferrara corneal ring documented in this 

study strengthen the evidence supporting ICRS as a viable 

option in the management of keratoconus, particularly in 

countries where a cornea bank system does not exist and 

donor corneal tissue availability is very limited [20].

There were a few limitations in this study. Due to the 

socioeconomic constraints, most of the keratoconus 

patients resort to non-surgical options like glasses and 

contact lenses. However, due to the progressive nature of 

the disease, it usually progresses to an advanced form of 

ectatic cornea. This resulted in a small sample size for 

intra-stroma rings, which were indicated for mild to 

moderate cases of keratoconus. Moreover, our patients 

belonged to far-�ung areas of the province, and due to 

di�culty in boarding and lodging in a cosmopolitan city, we 

had short follow-ups with the patients. In future studies, a 

larger sample size, longer follow-up, and a comparison 

between Femtolaser-coupled deep lamellar keratoplasty 

and femtosecond-assisted ring implantation are 

D I S C U S S I O N

would indicate an improvement in corneal regularity and 
topographic stability after Ferrara segment implantation 
(Table 3).

Table 3: Comparison Between Pre-Op and Post Op Kmax  

Readings 

The present study demonstrated that Ferrara corneal ring 

segment implantation resulted in a marked improvement in 

visual acuity and a meaningful reduction in corneal 

steepening among patients with keratoconus. The arc 

shortening effect on keratoconus patients following ring 

implantation has also been reported in previous studies, 

which consequently resulted in an improvement of visual 

status and anterior corneal topographic parameters [10]. 

Colin et al. implanted the Intacs rings.They followed the 

post implantation Pentacam topographic scans and 

revealed a favourable improvement in best corrected visual 

acuity (BCVA) and signi�cant reduction in Kmax in both 

eyes, which resulted in �attening of the cornea by 

approximately 1.5 to 3.75 D. The same observation was 

inferred in this study with BCVA improved from 1.1 ± 1.43 to 

0.34 ± 0.16 (p=0.001) and Kmax 52.58 ± 4.12 to 50.42 ± 

3.81(p=0.001) [11]. In the published series by Ertan et al. also 

used Femtosecond laser for the management of 

Keratoconus and reported a substantial improvement in 

vision and decreased corneal irregularity following Ferrara 

and Intacs segment implantation. These �ndings were 

synchronous with our �ndings [12]. In addition, in a case 

series by Sandes et al. evaluated the visual status after 

concentric ring implantation in cases of asymmetric 

Keratoconus. They documented better corneal regularity 

and a favourable visual outcome post-operatively [13]. 

These �ndings were similar to the present study as ectatic 

corneas had achived good regularity, hence improved 

vision post-operatively. Moreover, in keratoconus 

management, corneal topographic stability, even after 

placing the single segment Intacs ICRS implantation, 

played a signi�cant role in predicting the post-operative 

visual outcome. The study by Vega-Estrada et al. analysed 

the clinical and Pentacam topography parameters and 

reported that they remained stable during the six-month to 

one-year follow-up [14]. In the present study, all cases were 

followed both clinically and with Pentam topography and 

had a good, stable visual and refractive outcome. However, 

due to social and economic constraints, most of the 

patients were followed 3 months postoperatively. During 
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Mean ± SD Minimum Maximum p-valueK max Cornea

Kmax RE Pre-Op

Kmax RE Post-op

Kmax LE Pre-Op

Kmax LE Post-Op

52.58 ± 4.12

50.42 ± 3.81

52.88 ± 4.80

50.42 ± 4.61

45.00

45.00

45.00

45.20

62.40

59.20

62.40

59.20

<0.001

<0.001



recommended to validate the stability and adaptability of 

ICRS by the ophthalmologist.
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Ferrara corneal ring segment implantation demonstrated 

signi�cant improvement in visual outcome and reduced 

corneal topographic evidence of steepening in patients 

with keratoconus. This procedure has proven its 

effectiveness as a minimally invasive method for visual 

rehabilitation in keratoconus patients. 
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Postpartum hemorrhage (PPH) signi�cantly contributes to maternal morbidity and mortality 

worldwide. Identifying women at risk for severe PPH early is essential for timely intervention. 

Objective: To compare the mean plasma �brinogen level between women with severe and non-

severe postpartum hemorrhage (PPH). Methods: This comparative cross-sectional study was 

performed after its approval from the ethical committee with approval number Admin/PF/722A 

dated 2nd July 2025 in the Department of Obstetrics and Gynecology at Cantt General Hospital, 

Rawalpindi, from July 3, 2025, to December 30, 2025.  A total of 60 women with postpartum 

hemorrhage were enrolled using a consecutive sampling technique and categorized into non-

severe PPH (n=30) and severe PPH (n=30) based on prede�ned clinical criteria. Plasma 

�brinogen levels were assessed at the time of postpartum hemorrhage diagnosis with IBM SPSS 

version 25.0. A p-value of less than 0.05 was considered statistically signi�cant. Results:  

Women experiencing severe PPH exhibited signi�cantly lower �brinogen levels in comparison 

to those with non-severe hemorrhage. The mean �brinogen level in the non-severe postpartum 

hemorrhage group was 4.55±1.06 g/L, but in the severe PPH group it was 3.53±0.66 g/L, 

indicating a statistically signi�cant difference (p=0.001). The �ndings demonstrate an inverse 

association between �brinogen concentration and the severity of PPH, showing that lower 

�brinogen levels are associated with an increased likelihood of severe bleeding. Conclusions: 

Reduced �brinogen levels were signi�cantly associated with severe PPH. Early measurement 

of �brinogen may assist in identifying patients at increased risk of severe hemorrhage and 

ensure prompt management.
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Postpartum hemorrhage (PPH) is one of the most common 
causes of maternal morbidity and mortality worldwide, 
especially in low- and middle-income countries. De�ned as 
a blood loss of 500mL or more after vaginal delivery or 
1000mL or more after cesarean section, PPH is responsible 
for a considerable number of preventable maternal deaths 
[1]. Statistics show that 99% of all maternal deaths 
occurred in developing countries, and of them, 27.1% are 
caused by postpartum hemorrhage [2]. Early recognition 
and prompt management are vital for counteracting the 
negative effects that this condition can lead to. Amid the 
slew of determinants that affect the severity of PPH, 

�brinogen status has become a hugely important 
determinant in recent years [3]. Fibrinogen is a 
glycoprotein predominantly produced in the liver and is 
integral to the hemostatic mechanism. It serves as the 
substrate for thrombin, facilitates platelet aggregation, 
and generates �brin clots crucial for hemostasis. During 
pregnancy, the �brinogen levels usually increase to 
compensate for the hypercoagulable state needed to 
prevent hemorrhage during delivery [4]. However, in cases 
of severe PPH, hypo�brinogenemia is an early marker of 
coagulopathy that is associated with increased bleeding 
severity and poor clinical outcome. Despite this known 



relationship between �brinogen and PPH, consensus 
exists only to a limited extent on exactly how low �brinogen 
levels are predictive of critical PPH and the extent to which 
they should shape the clinical decision process [5]. 
Fibrinogen plasma levels can predict the likelihood of 
signi�cant bleeding in patients with postpartum 
hemorrhage; nevertheless, it remains uncertain whether 
the association between �brinogen and PPH is causal or 
associative [6]. A retrospective cohort study of 103 
patients indicated that early �brinogen replacement based 
on shock index and lactate levels improves hemostatic 
control and reduces intensive care unit admissions in major 
postpartum hemorrhage [7].  This study was designed to 
assess the mean �brinogen level and severity of PPH, 
focusing on the identi�cation of possible thresholds for 
inter vention and the prognostic implications of 
hypo�brinogenemia. By clarifying this relationship, we 
hope to yield insights that will lead to improved risk 
strati�cation and lead to evidence-based management 
protocols for PPH, which ultimately lead to improved 
maternal outcomes.
Despite growing evidence that �brinogen is an early 
indicator of hemorrhage severity, low- and middle-income 
countries (LMICs), such as Pakistan, where PPH is a 
prominent cause of maternal mortality, have inadequate 
data, highlighting a critical gap in context-speci�c 
evidence. Early laboratory predictors that assist doctors in 
quickly identifying women at risk of severe bleeding are 
especially useful in resource-limited settings, where 
delayed recognition contributes to poor maternal 
outcomes. Therefore, this study compared plasma 
�brinogen levels in women with severe and non-severe 
PPH to assess their therapeutic relevance in early risk 
strati�cation, especially in Pakistani healthcare.

hemorrhage (PPH) as per the operational de�nition 
presented for the study. PPH was de�ned as blood loss of 
≥500 mL after vaginal delivery or cesarean delivery within 
24 hours after childbirth. Non-severe PPH was considered 
when bleeding would only necessitate medical handling 
without hemodynamic instability (i.e., hemodynamic 
instability de�ned as systolic blood pressure <90 mmHg or 
heart rate >100 beats/min) or operative treatment. Severe 
PPH was de�ned as hemorrhage that was characterized by 
hemodynamic instability, blood transfusion of two or more 
units, or surgery, such as uterine artery embolization or 
hysterectomy. Women with pre-existing coagulopathies, 
liver dysfunction or incomplete medical records were 
excluded from the study. After informed consent, eligible 
patients were included. The patients were predominantly 
divided into two groups, namely, non-severe and severe 
PPH, based on prede�ned operational de�nitions. 
Fibrinogen levels were checked at the time of diagnosis for 
the PPH with standard laboratory methods. The mode of 
delivery (spontaneous vaginal delivery, assisted delivery, or 
cesarean section) was recorded. Data was collected on a 
structured questionnaire, and it contained patient 
identi�cation information (serial number, registration 
number, name, and age), obstetric history (gestational age 
and parity), physical parameters (BMI), classi�cation of PPH 
(severe or non-severe), and clinical outcomes (mean 
�brinogen levels). To minimize potential confounding, 
strati�cation was conducted based on age, gestational 
age, body mass index (BMI), parity, and mode of delivery. 
Post-strati�cation statistical comparisons were then 
conducted to assess whether these variables affected the 
association between �brinogen levels and the severity of 
PPH. Normality of continuous variables was evaluated 
using the Shapiro-Wilk test before applying parametric 
statistical tests. 
Data were analyzed using IBM SPSS version 25.0. 
Continuous variables were presented as Mean ± SD, while 
categorical variables were expressed as frequencies and 
percentages. An independent sample t-test was applied to 
compare mean �brinogen levels between severe and non-
severe postpartum hemorrhage groups. Furthermore, 
binary logistic regression analysis was conducted to 
evaluate the association between �brinogen levels and the 
severity of postpartum hemorrhage while controlling for 
potential confounders. A p-value of less than 0.05 was 
considered statistically signi�cant.
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M E T H O D S

After receiving approval from the Ethical Review 
Committee (Ref. No. Admin/PF/722A; dated 2nd July, 
2025),  a comparative cross-sectional study was 
undertaken in the Department of Obstetrics and 
Gynecology of Cantt General Hospital, Rawalpindi, for 6 
months from 3rd July 2025 to 30th December 2025. A total 
of 60 women were included in the study, with 30 patients in 
each group. The sample size was calculated using the 
World Health Organization sample size calculator version 
2.0 for comparison of two means, assuming a power of 80% 
and a signi�cance level of 5%. The calculation was based 
on previously reported mean �brinogen levels of 4.2±1.2 
g/L in non-severe postpartum hemorrhage and 3.4±0.9 g/L 
in severe postpartum hemorrhage [8]. Study participants 
were recruited using consecutive sampling from all eligible 
women presented with PPH during the study duration. 
Women aged between 18 and 45 years with postpartum 

DOI: https://doi.org/10.54393/pjhs.v7i6.3979

Fibrinogen Levels in Postpartum Hemorrhage
Zainab A et al.,

The demographic and obstetric characteristics of women 
with non-severe (Group A) and severe (Group B) postpartum 
hemorrhage. The mean age was 30.60 ± 8.04 years for 
Group A and 31.20 ± 7.04 years for Group B. Gestational ages 
≤39 weeks were found in 70.0% of Group A and 73.3% of 

R E S U L T S
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Table 1: Baseline Demographic and Obstetric Characteristics of 

Study Participants

Group B, with mean gestational ages of 38.97 ± 1.47 weeks. 
Group A had a mean BMI of 25.90 ± 3.81 kg/m2. Most study 
participants (56.7% Group A, 63.3% Group B) had normal 
BMIs. Multiparous women were the largest subgroup 
(43.3% in Group A, 46.7% in Group B), and vaginal deliveries 
were most common (Table 1).

most categories. In women aged ≤30, �brinogen levels 
were higher in the non-severe group (4.46 ± 0.97 g/L) than in 
the severe group (3.39 ± 0.64 g/L) (p=0.001). Similar 
patterns were seen for gestational age ≤39 weeks (4.57 ± 
1.16 versus 3.60 ± 0.89; p-value = 0.004) and normal BMI 
(4.54 ± 1.11 versus 3.54 ± 0.95; p-value = 0.008). Assisted 
deliveries showed a signi�cant difference (p=0.005), but 
vaginal deliveries did not (p=0.083) (Table 3).

The comparison of mean �brinogen levels between women 
with non-severe and severe postpartum hemorrhage. The 
mean �brinogen level in Group A (non-severe PPH) was 4.55 
± 1.06 g/L, whereas it was signi�cantly lower in Group B 
(severe PPH) at 3.53 ± 0.88 g/L. The mean difference of 1.03 
g/L reveals that non-severe PPH patients had much higher 
�brinogen levels. The true difference in �brinogen levels 
between groups is probably within the 95% con�dence 
interval (CI) (0.52-1.52). The difference between the two 
groups was statistically signi�cant (p = 0.001). These 
�ndings showed a signi�cant difference in mean �brinogen 
levels between severe and non-severe PPH groups (Table 
2).

This study proved a signi�cant relationship between low 
�brinogen levels and the severity of PPH. The average 
�brinogen level in women with severe PPH (3.53 ± 0.88 g/L) 
was signi�cantly lower than the �brinogen level in women 
with non-severe PPH (4.55 ± 1.06 g/L). These �ndings add to 
the literature, which has previously suggested that 
�brinogen concentration is a strong predictor of 
hemorrhage severity and the need for aggressive 
management interventions. Cui et al. performed a 
multicenter study addressing �brinogen dynamics in 
obstetrical disseminated intravascular coagulation (DIC), 
which showed that women with severe PPH had a high 
incidence of �brinogen de�ciency (less than 3g/L) and 
marked the importance of �brinogen as an important 
biomarker in assessing risk of maternal bleeding, with low 
�brinogen being associated with adverse maternal 
outcome [9]. Obaro and Heazell also attach importance to 
�brinogen as a crucial biomarker in maternal bleeding risk 
assessment, showing that low �brinogen is associated 
with poor outcomes [10]. A recent analysis by Kobayashi et 
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Variables
Group B (Severe

PPH) n=30
p-

value
Group A (Non-

severe PPH) n=30

≤30 years

>30 years

Mean Age (Years)

≤ 39 weeks

>39 weeks

Mean Gestational age
(weeks)

Normal

Overweight

Obese
2Mean BMI (kg/m )

Nulliparous

Primiparous

Multiparous

Vaginal

Assisted Vaginal

Cesarean section

17 (56.7%

13 (43.3%

30.60 ± 8.04

21 (70.0%)

9 (30.0%)

38.97 ± 1.47

17 (56.7%)

8 (26.7%)

5 (16.6%)

25.90 ± 3.81

5 (16.7%)

12 (40.0%)

13 (43.3%)

14 (46.7%)

7 (23.3%)

9 (30.0%)

16 (53.3%)

14 (46.7%)

31.20 ± 7.04

22 (73.3%)

8 (26.7%)

38.50 ± 1.58

19 (63.3%)

8 (26.7%)

3 (10.0%)

25.47 ± 3.42

3 (10.0%)

13 (43.3%)

14 (46.7%)

15 (50.0%)

8 (26.7%)

7 (23.3%)

Age Groups

Gestational Age

BMI Category

Parity

Mode of Delivery

0.790

0.760

0.770

0.230

0.740

0.640

0.810

0.850

Table 2: Comparison of Mean Plasma Fibrinogen Levels Between 

Study Groups

Variables
Group B
(Severe

PPH) n=30

p-
value

Group A
(Non-severe

PPH) n=30

Fibrinogen Level
(g/L) 4.55 ± 1.06 0.0013.53 ± 0.88

Mean
difference

95% CI

1.02 0.52-
1.52

In the strati�ed study, signi�cant postpartum hemorrhage 
was associated with decreased �brinogen levels across 

Table 3: Strati�cation of Mean Fibrinogen Levels Between Groups 

with Respect to Different Variables

D I S C U S S I O N

≤30 years

>30 years

Age Groups

≤ 39 weeks

>39 weeks

Gestational Age

Normal

Overweight

Obese

BMI 

Nulliparous

Primiparous

Multiparous

Vaginal

Assisted Vaginal

Cesarean section

Parity

Mode of Delivery

4.46 ± 0.97

4.67 ± 1.19

4.57 ± 1.16

4.52 ± 0.81

4.54 ± 1.11

4.92 ± 1.07

4.01 ± 0.73

4.94 ± 0.78

4.27 ± 1.01

4.67 ± 1.19

4.48 ± 1.18

4.80 ± 0.90

4.47 ± 1.05

3.39 ± 0.64

3.69 ± 1.10

3.60 ± 0.89

3.34 ± 0.89

3.54 ± 0.95

3.64 ± 0.73

3.15 ± 1.00

2.92 ± 0.54

3.50 ± 0.63

3.69 ± 1.10

3.83 ± 0.70

3.23 ± 0.90

3.23 ± 1.09

0.001

0.035

0.004

0.012

0.006

0.015

0.039

0.008

0.031

0.035

0.083

0.005

0.037

Variables Group B
(Severe PPH),

Mean Difference

p-
value

Groups

Group A
(Non-severe PPH),

Mean Difference
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respectively) are well within these ranges, implying 
external validity and concomitance with international 
�ndings. This strengthens the validity of our study results 
and may help the increasing consensus that �brinogen 
concentration provides an early biomarker that predicts 
the severity of PPH and can guide clinical modalities. A 
comparative cross-sectional study of 60 patients found 
that severe postpartum hemorrhage has much lower mean 
�brinogen levels, 200 mg/dL, than mild PPH (more than 250 
mg/dL) [20]. 
The �ndings suggest the potential use of �brinogen level 
estimation as a quick, cheap, and effective predictor that 
can be used at bedside to identify patients at risk of 
developing severe PPH. Inclusion of routine �brinogen 
testing as a component of protocols around obstetric 
hemorrhage can facilitate early targeted therapy and 
i n c l u d e  e a r l y  u s e  of  � b r i n o g e n  c o n c e n t r a te  o r 
cryoprecipitate. Larger multicentric trials are needed to 
provide optimal cut-off levels for �brinogen, dependent on 
the population and the healthcare setting. This study was 
limited in its single-center design with a relatively small 
sample size (n = 60), which may limit the study's 
generalizability. Fibrinogen was only measured (single 
measurement) at the time of diagnosis, and not serially 
over time to examine dynamic trends. In addition, the 
effects of factors that in�uence the production of 
�brinogen (liver synthetic function, nutrition, and genetic 
variation) were not investigated. Longitudinal sampling is 
needed; consideration should be given to the kinetics of 
�brinogen to bleeding ratio, and the use of POC 
technologies would enable quick decision-making in low-
resource settings. Limited sample sizes in some strati�ed 
subgroups may reduce statistical power and/or violate 
assumptions of parametric tests.

al. concluded that �brinogen levels tend to be rapidly 
depleted in  severe obstetr ic  bleeding owing to 
consumption coagulopathy, in which mean values of 3.2 ± 
0.6g/L were reported, corresponding to our result [11]. 
Similar to our work, Tardy-Poncet et al. concluded that 
maintaining �brinogen concentrations of more than 3.5g/L 
optimized transfusion requirements and improved clinical 
outcomes [12]. The association between �brinogen 
depletion and hemorrhage severity was also backed up by 
Daikuara et al. who showed that �brinogen below 3g/L after 
it was associated with a three times higher risk of 
uncontrolled bleeding at delivery [13]. Ren et al. also 
highlighted the importance of �brinogen measurement as 
part of coagulation screening; it provides important 
prognostic information for early intervention [14]. The 
average �brinogen value in severe PPH in our study (3.53 
g/L) is slightly higher than those reported by Cui et al. (3 g/L) 
and Daikuara et al. (2.9 g/L) [9, 13]. This difference could 
potentially be due to differences in patient selection, 
timing of measurement, and management protocols. In our 
study setting, samples were taken immediately upon 
diagnosis of PPH, possibly before total consumption of 
clotting factors, whereas in other studies, levels were 
measured later during active hemorrhage. Moreover, our 
population was made up of women without pre-existing 
coagulopathies, which may explain the rather higher 
baseline �brinogen levels. Kiani et al. both rea�rmed that 
�brinogen rises physiologically throughout pregnancy to 
reach levels of 4-6 g/L by the third trimester of pregnancy, 
and a rapid decrease below 3g/L during delivery is 
suggestive of pathological bleeding. These physiological 
considerations are consistent with our �ndings in which 
non-severe cases of PPH maintained mean levels within 
the expected range for late pregnancy (4.55 g/L) [15]. In 
comparison, another study conducted by Kaur et al. 
showed that the mean �brinogen levels in patients needing 
surgical interventions for PPH were 2.95 ± 0.97 g/L (almost 
at the same level as in our severe PPH group). Another study 
conducted by Hofer et al. reinforced that women with 
persistent hemodynamic instability after PPH had 
signi�cantly low �brinogen and platelet count, further 
s u p p o r t i n g  � b r i n o g e n's  h e m o s t a t i c  r o l e  i n  t h e 
management of maternal recovery [2, 16]. A study by Park 
et al. supported the importance of early guiding laboratory 
management and �brinogen as a rapid response indicator 
in massive transfusion protocols [17]. After postpartum 
hemorrhage, decreased �brinogen is the earliest 
hemostatic sign of coagulopathy [18]. Signi�cant PPH is 
predicted by lower �brinogen levels before delivery and 
upon postpartum hemorrhage onset. In severe conditions, 
early goal-directed �brinogen concentrate treatment [19]. 
Among reviewed studies, the mean �brinogen levels in 
severe cases of PPH were 2.8 to 3.6 g/L, and in non-severe 
cases were 4.2 to 4.8 g/L. Our results (3.53 g/L and 4.55 g/L, 
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Low levels of �brinogen were signi�cantly associated with 

severe PPH. Estimating the levels of �brinogen at an early 

stage could be a valuable indicator of patients who are 

likely to present with serious haemorrhage and enable 

prompt intervention with management strategies.
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Gynecologic cancers are on the rise globally. Survivors frequently encounter physical distress 

aggravated by psychological instability, anxiety, and depression. Quality of life (QoL) includes 

physical, emotional, social, and functional well-being, rendering it a crucial patient-reported 

outcome in cancer. Objective: To investigate the psychosocial impact and quality of life in 

gynaecological cancer survival patients. Methods: A descriptive cross-sectional study was 

conducted in the Department of Obstetrics and Gynecology, Liaquat National Hospital,  Karachi. 

This study comprised 178 women with ovarian, endometrial, and cervical cancer who were 

undergoing active therapy at the time data were collected. Psychological well-being was 

measured by using the Hospital Anxiety and Depression Scale and the Distress Thermometer. 

The collected data were analyzed with IBM SPSS version 27.0. A p-value of ≤ 0.050 was deemed 

statistically signi�cant. Results: The abnormal anxiety was highly prevalent (110; 61.8%) 

compared to depression (27; 15.2%). Patients ≤50 years showed signi�cantly higher abnormal 

anxiety (66.2%) (p-value=0.025) and depression (18.5%). Treatment modality was signi�cant, 

with combined surgery and chemoradiotherapy showing the highest abnormal depression 

(32.3%). Patients with abnormal anxiety showed signi�cantly poorer functional status 

compared with normal anxiety (median FACT score versus 18, with a p-value <0.001). 

Conclusions: Gynecological cancer survivors face signi�cant psychosocial challenges, with 

anxiety being more prevalent than depression. Quality of life was markedly impaired, and 

functional limitations were strongly linked to psychological morbidity. 
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Globally, cancer is a leading cause of morbidity and 
mortality [1]. Cancer effect expected to rise signi�cantly 
soon [2]. Gynecological cancers represent a signi�cant 
part of this burden among women, representing 
approximately 15.3% of newly diagnosed cancer cases and 
15.8% of deaths due to cancer worldwide [3]. Gynecological 
cancers are a type of cancer that affects women's 
reproductive organs, such as the cervix, uterus, ovaries, 
vagina, and vulva [4].The evaluation of health-related QoL 
in survivors of gynecological cancers has become 
increasingly signi�cant and is recognized as an essential 
patient-reported outcome, in addition to traditional 
metrics such as overall survival and disease-free survival 
[5].Traditionally, the treatment of gynecological cancers 
mainly aimed at prolonging life expectancy, with 
insu�cient emphasis on the quality of life (QoL) of patients 

during and post-treatment [6]. Over the years, other 
measures have been utilized to evaluate how well patients 
are doing, such as mortality rates, survival rates, and levels 
of discomfort. These indicators give important clinical 
information, but they do not show how disease and 
treatment affect a patient's physical health. Health-based 
QoL provides a more holistic view by evaluating both the 
physical and psychological dimensions of health [7]. In the 
past twenty years, clinical research has put more focus on 
mental health and QoL, recognizing that they are important 
parts of good patient care and recovery [8]. Evaluating the 
psychosocial impact and quality of life in gynecologic 
cancer survivor patients is crucial for holistic patient care 
and well-being. Although increasing evidence is available 
on psychological distress in gynecological cancer patients, 
there is a paucity of data on low- and middle-income 



countries especially Pakistan which cover combined 
psychosocial impact and quality of life using validated 
instruments. 
The previous researches concentrate on individual types of 
cancer (e.g., cervical cancer) or individual outcomes (e.g., 
anxiety or depression) but not a wholesome quality of life. 
Moreover, the demographic and treatment-related factors 
are not studied as related to psychosocial morbidity. This 
shows that multidimensional studies on this population 
require context-speci�c research. The survivors of 
gynecological cancer often have a severe psychological 
distress and poor quality of life; nevertheless, it has not 
been a topic of research in the local clinical practice. The 
magnitude of anxiety, depression, and the quality of life of 
such patients in Pakistan in general and the determinants 
of these outcomes has a dearth of evidence. This study 
aimed tto evaluate the psychosocial effect, anxiety and 
depression, and quality of life in gynecological cancer 
survivors, as well as to determine the relationship between 
demographic and clinical factors and psychological 
morbidity and functional status.

psychological distress, anxiety, depression, post-
traumatic stress symptoms, and perceived social support, 
measured using validated scales. Quality of life was 
evaluated through physical functioning, emotional well-
being, social functioning, and overall life satisfaction, 
employing established tools such as the FACT scales. Data 
were collected prospectively. Participants received 
validated questionnaires upon ward or day hospital 
admission. Anxiety and depression were assessed by using 
the Hospital Anxiety and Depression Scale. This self-report 
measure had 14 items, 7 for anxiety (HADS-A) and 
depression (HADS-D). A 4-point Likert scale from 0 (no 
symptoms) to 3 (highest severity) yielded subscale scores 
between 0 and 21. Scores between 0-7 were normal, 8-10 
were borderline abnormal, and 11-21 were abnormal. 
Psychosocial distress was assessed using the Distress 
thermometer, a single-item visual analogue scale from 0 to 
10, and a problem checklist with practical, family, 
emotional, spiritual-religious, and physical domains. 
Oncology researchers utilize the validated FACT scale to 
assess quality of life. The scale examines physical, 
emotional, functional, and social health-related quality of 
life. Low scores indicate poor quality of life, whereas high 
scores indicate better quality. 
This study used IBM SPSS version 27.0 to analyze the data. 
To describe quantitative data, descriptive statistics were 
utilized. This study employed inferential statistics, like chi-
square tests/Fisher's exact test, and the Kruskal-Wallis's 
test, to look at the association and differences in means 
between demographic and clinical variables and 
psychosocial �ndings. In this study, a probability value of 
less than or equal to 0.050 was considered signi�cant.
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M E T H O D S

This description cross-sectional study was carried out in 
the Department of Obstetrics and Gynecology at Liaquat 
National Hospital in Karachi. It was carried out over a 
minimum period from 15th July to 31st December 2025, 
following approval of the synopsis by the institutional 
research and evaluation committee (IRB # 1068-2024-
LNH-ERC; dated 11th July 2024). A World Health 
Organization sample size calculator was used to collect 
data with a 95% con�dence interval (CI), 6% precision, 80% 
power, and a reported prevalence of depression of 21% [9]. 
The �nal sample size was calculated was 178 participants. 
Women aged 18 years and above with a con�rmed diagnosis 
of gynecological cancer, including ovarian, endometrial, or 
cervical cancer, and undergoing active oncological 
treatment were included in this study. Those patients who 
were above 70 years and to reduce bias, people who had a 
history or who were currently suffering from psychological 
problems were not included in the study. Age was classi�ed 
as ≤50 years and >50 years based on epidemiological 
parameters that represent menopausal transition and 
psychosocial issues faced by younger and older cancer 
survivors. Because the data were not normally distributed, 
continuous variables like age and FACT scores were 
summarized using the median and interquartile range (Q1-
Q3). Every study participant provided written informed 
consent before enrolling in the study. Participants were 
told of the study's goal, the con�dentiality of their 
responses, and their freedom to withdraw at any time 
without compromising their  medical  treatment. 
Psychosocial impact was de�ned as the presence of 

T h e  c u r re n t  st u d y  s h ows  t h e  d e m o g ra p h i c  a n d 
psychosocial pro�le of women who have survived 
gynecological cancer. The median age was 55 years (IQR 12; 
range 32-78), and 63.5% of the study participants were over 
50 years old. The median FACT score was 16 (IQR 9; range 4-
32), highlighting marked impairment in QoL among the 
study participants. Anxiety levels were comparatively 
elevated, exhibiting a median score of 11 (IQR 4; range 4-21), 
indicative of signi�cant psychological distress, but 
depression scores were lower, presenting a median of 4 
(IQR 5; range 0-14) (Table 1). 
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Table 1: Demographic Characteristics and FACT Score of 

Gynecological Cancer Survivors

Variables n (%) / Median

55.0 (12.0; 32.0-8.0

16.0 (9.0; 4.0–2.0)

11.0 (4.0; 4.0–1.0)

4.0 (5.0; 0.0–14.0)

�

�

�

�

Category

Age

FACT Scale

Anxiety Subscale

Depression Subscale
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It shows that age was signi�cantly associated with anxiety, 
with a p-value of 0.025 and depression, with more abnormal 
depression in persons less than 50 years old and higher 
borderline depression in older people. Education was 
associated with anxiety severity, with a p-value of 0.018, with 
graduates having the highest rate of abnormal anxiety, but 
not depression, with a p-value of 0.141. Monthly income is 
signi�cantly associated with anxiety and depression, 
showing higher psychological morbidity in low-and middle-
income groups. Both anxiety and depression were 
signi�cantly associated with occupation and working 
status, with a p-value > 0.01. Time since diagnosis was 
associated with anxiety but not depression, while treatment 
modality was linked to anxiety and depression (Table 2).

Table 2: Association of Demographic Variables with Anxiety and Depression Severity

DOI: https://doi.org/10.54393/pjhs.v7i6.4004

Psychosocial Impact and Quality of Life Among Gynecological Cancer Survivors
Aslam Y et al.,

65 (36.5%)

113 (63.5%)

46 (25.8%)

59 (33.1%)

31 (17.4 %)

42 (23.6%)

68 (38.2%)

60 (33.7%)

50 (28.1%)

33 (18.5%)

50 (28.1%)

44 (24.7%)

15 (8.4%)

16 (9.0%)

20 (11.2%)

125 (70.2%)

53 (29.8%)

57 (32.0%)

70 (39.3%)

51 (28.7%)

47 (26.4%)

53 (29.8%)

29 (16.3%)

≤ 50 Years

> 50 Years

Matric or below

Intermediate

Graduation

Master or above

< 50K per month

50K – 100K per month

> 100K per month

Unemployed

Private Job

Govt. Job

Business

Shopkeeper

Labour

Yes

No

< 1 Year

1 – 5 Years

> 5 Years

Surgery

Chemoradiotherapy

Surgery and Chemotherapy

Age Groups

Education

Monthly Income

Occupation

Working Status

Time
Since Diagnosis

Treatment

31 (17.4%)
Surgery

and Chemoradiotherapy

18 (10.1%)Surgery and Radiotherapy

43 (24.2%)

25 (14.0%)

110 (61.8%)

130 (73.0%)

21 (11.8%)

27 (15.2%)

Normal

Borderline Abnormal

Abnormal

Normal

Borderline Abnormal

Abnormal

Anxiety Severity

Depression Severity

Variables
p-

value
Abnormal,

 n (%)
Abnormal,

 n (%)
Borderline

Abnormal, n (%)
Borderline

Abnormal, n (%)
Depression

Normal, n (%)
p-

value
Anxiety

Normal, n (%)
Category

≤ 50 Years

> 50 Years

Matric or below

Intermediate

Graduation

Master or above

< 50K per month

50K–100K per month

> 100K per month

Un-employed

Private Job

Govt. Job

Business

Shopkeeper

Labor

Yes

No

< 1 Year

1–5 Years

> 5 years

Surgery

Chemoradiotherapy

Surgery
and Chemotherapy

Surgery and Radiotherapy

Surgery and
Chemoradiotherapy

Age
Groups

Education

Occupation

Treatment

Monthly
Income

Working
Status

Time Since
Diagnosis

0.018

0.141

0.008

<0.001

0.008

0.094

0.001

0.025

0.018

<0.001

<0.001

0.006

0.002*

<0.001

9 (13.8%)

34 (30.1%)

13 (28.3%)

18 (30.5%)

5 (16.1%)

7 (16.7%)

20 (29.4%)

13 (21.7%)

10 (20.0%)

13 (39.4%)

13 (26.0%)

10 (22.7%)

0 (0.0%)

0 (0.0%)

7 (35.0%)

30 (24.0%)

13 (24.5%)

15 (26.3%)

15 (21.4%)

13 (25.5%)

7 (14.9%)

10 (18.9%)

10 (34.5%)

15 (48.4%)

1 (5.6%)

13 (20.0%)

12 (10.6%)

10 (21.7%)

9 (15.3%)

0 (0.0%)

6 (14.3%)

7 (10.3%)

2 (3.3%)

16 (32.0%)

9 (27.3%)

7 (14.0%)

0 (0.0%)

9 (60.0%)

0 (0.0%)

0 (0.0%)

11 (8.8%)

14 (26.4%)

15 (26.3%)

10 (14.3%)

0 (0.0%)

12 (25.5%)

6 (11.3%)

0 (0.0%)

0 (0.0%)

7 (38.9%)

43 (66.2%)

67 (59.3%)

23 (50.0%)

32 (54.2%)

26 (83.9%)

29 (69.0%)

41 (60.3%)

45 (75.0%)

24 (48.0%)

11 (33.3%)

30 (60.0%)

34 (77.3%)

6 (40.0%)

16 (100.0%)

13 (65.0%)

84 (67.2%)

26 (49.1%)

27 (47.4%)

45 (64.3%)

38 (74.5%)

28 (59.6%)

37 (69.8%)

19 (65.5%)

16 (51.6%)

10 (55.6%)

51 (78.5%)

79 (69.9%)

33 (71.7%)

45 (76.3%)

24 (77.4%)

28 (66.7%)

44 (64.7%)

41 (68.3%)

45 (90.0%)

31 (93.9%)

37 (74.0%)

29 (65.9%)

15 (100.0%)

4 (25.0%)

14 (70.0%)

84 (67.2%)

46 (86.8%)

44 (77.2%)

53 (75.7%)

33 (64.7%)

37 (78.7%)

34 (64.2%)

24 (82.8%)

19 (61.3%)

16 (88.9%)

2 (3.1%)

19 (16.8%)

7 (15.2%)

2 (3.4%)

5 (16.1%)

7 (16.7%)

9 (13.2%)

7 (11.7%)

5 (10.0%)

0 (0.0%)

5 (10.0%)

7 (15.9%)

0 (0.0%)

5 (31.3%)

4 (20.0%)

16 (12.8%)

5 (9.4%)

9 (15.8%)

7 (10.0%)

5 (9.8%)

2 (4.3%)

12 (22.6%)

5 (17.2%)

2 (6.5%)

0 (0.0%)

12 (18.5%)

15 (13.3%)

6 (13.0%)

12 (20.3%)

2 (6.5%)

7 (16.7%)

15 (22.1%)

12 (20.0%)

0 (0.0%)

2 (6.1%)

8 (16.0%)

8 (18.2%)

0 (0.0%)

7 (43.8%)

2 (10.0%)

25 (20.0%)

2 (3.8%)

4 (7.0%)

10 (14.3%)

13 (25.5%)

8 (17.0%)

7 (13.2%)

0 (0.0%)

10 (32.3%)

2 (11.1%)
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severity, normal and abnormal depression groups had 
equal median ages. The statistical signi�cance may have 
been driven by the smaller borderline group rather than by a 
clinically relevant difference between normal and 
abnormal cases. Population-based research in France 
investigated cancer-related fatigue, QoL, and anxiety in 
long-lasting survivors of breast cancer, cervical cancer, 
and colorectal cancers, around 15 years post-diagnosis. 
The results indicated that survivors exhibited elevated 
amounts of fatigue, especially mental fatigue and overall 
exhaustion, alongside increased anxiety, in comparison to 
the population without a previous history of cancer. But 
even with these chronic physical and emotional problems, 
their quality of life was about the same as that of the overall 
population. These �ndings showed that the impacts of 
cancer can last for decades, which makes it even more 
important to keep getting psychological and supportive 
care after treatment is completed [16]. Patients with 
locally advanced cervical cancer experience signi�cant 
impacts on their quality of life due to the disease and its 
therapies, affecting their physical health and mental 
wellness. According to a study, although some patients do 
better after treatment, many more experience long-term 
problems that affect many parts of their lives [17]. This 
study's moderate quality of life scores, especially in the 
physical and psychological domains, show how cervical 
cancer affects many parts of patients' lives. Furthermore, 
the study con�rmed the previously developed association 
between mental health and quality of life in cancer patients 
by showing that higher levels of emotional distress, which 
is measured by HADS scores, were associated with lower 
levels of physical and psychological health [10]. The Global 
health status was 68.20 ± 23.61, which was deemed good. 
This is similar to the �ndings in Egypt, which had a QoL 
score of 70.16 [18]. When the sub-domain of functional 
scales was evaluated, the physical function score 

A diagnosis of cervical cancer can exert signi�cant 
psychological impacts, especially in underdeveloped 
countries. Numerous women endure profound emotional 
distress, feelings of humiliation, and societal stigma, which 
can harm their mental health and general health [10]. The 
initial course of action to cervical cancer identi�cation is 
frequently characterized by shock, fear, and confusion, 
which can rapidly escalate to anxiety and despair. 
Numerous women additionally face feelings of shame and 
embarrassment, especially when cervical cancer is 
frequently associated with human papillomavirus (HPV), a 
sexually transmitted illness [11]. A study of thirty women 
undergoing therapy for cervical cancer revealed that over 
half 56.6% had clinically signi�cant amounts of anxiety and 
depression. The mental health issues were intricately 
associated with challenges, including disturbed marital 
relationships and a reduction in sexual engagement post-
treatment, both of which adversely impacted their 
emotional wellness [12]. A study conducted in Tunisia 
revealed that 40 women in relapse revealed that numerous 
patients persisted in experiencing anxiety and despair 
post-treatment. Psychological problems were more 
prevalent in women with late stages and those who had 
received intense treatments such as hysterectomy/ 
external radiotherapy, highlighting the long-lasting 
emotional effects of both the disease and its management 
[13]. In another study of 83 patients, 75.7% of women of 
fertile age exhibited clinically signi�cant anxiety, whereas 
57.5% demonstrated clinically expressed depression [14]. 
A Korean study intended to evaluate the prevalence of 
anxiety and depression in eight hundred and twenty-eight 
cervical cancer survivors and to �nd related factors. The 
study found an anxiety prevalence of 39.5%, considerably 
elevated among women aged below or up to �fty and a 
depression prevalence of 34.6% [15]. Despite a statistically 
signi�cant association between age and depression 
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It shows the comparison of age and functional scores with anxiety and depression severity, further elucidating the 
psychosocial burden. Median age did not differ signi�cantly across anxiety severity groups (p=0.251), but depression severity 
was signi�cantly associated with age (p=0.006), with borderline abnormal depression clustering in younger patients (median 
age 48 years). Functional scores demonstrated a robust association with both anxiety and depression severity (p<0.001 for 
each) (Table 3). 

Table 3: Comparison of Age and FACT Scores Based on Anxiety and Depression Severity

Anxiety Borderline Anxiety AbnormalVariables Statistic Anxiety Normal Depression
Borderline

Depression
Abnormal

Depression
Normal

Median

Q1

Q3

p-value

Median

Q1

Q3

p-value

55.0

54.0

58.0

(0.251)

9

8

12

<0.001

48.0

43.0

57.5

(0.006)

12

11

14.5

<0.001

56.0

47.0

60.0

�

18

16

22

�

55.0

54.0

57.5

�

9

8

12

�

48.0

43.0

56.0

�

12

11

14

� �

56.0

47.0

60.0

�

18

16

22

Age
Years

FACT
Score
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This study shows that survivors of gynecological cancer 

encounter considerable psychosocial challenges, with 

anxiety occurring more frequently than depression. The 

quality of life was markedly impaired, and functional 

l i m i t a t i o n s  we r e  s i g n i � c a n t l y  a ss o c i a te d  w i t h 

psychological morbidity. Younger age, lower income, and 

integrated treatment approaches associated with elevated 

anxiety and depression, while socioeconomic and 

occupational variables additionally affected outcomes.
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(81.77±16.43), Cognitive function score (78.91±25.18) and 
social function score (71.43±27.85) were good, whereas the 
role function score (66.67±24.76) and emotional function 
score (64.79±26.53) were moderate. Emotional score had 
the lowest functional scale score; this may be related to the 
diagnosis and prognosis of gynecological cancers, as most 
of the patients presented with stage 3 disease, coupled 
with �nancial di�culties. The emotional aspect is the most 
di�cult to manage in cancer patients, particularly those 
with children. Patients with low socio-economic status are 
frequently more di�cult to manage than those with high 
socio-economic status in this regard [19]. A study has 
shown that anxiety and depression are highly prevalent 
among cancer patients and signi�cantly affect their QoL 
[20].
Although valuable �ndings, this study has numerous 
limitations. A cross-sectional study design makes 
establishing causal relationships di�cult. Second, the 
study was con�ned to a single tertiary care hospital. Third, 
response bias may in�uence self-reported psychological 
measurements.  Future research should explore 
psychosocial trajectories and target psychosocial 
therapies to enhance quality of life (QoL) in gynecological 
cancer survivors using longitudinal and multicenter 
approaches.
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Cognitive impairment is a frequent but underrecognized feature of multiple sclerosis and 

contributes to functional decline. Early identi�cation and association with clinical and 

neuroimaging markers may guide management. Objectives: To determine the frequency of 

cognitive impairment and its relationship with demographic, clinical, and MRI characteristics in 

multiple sclerosis. Methods: This cross-sectional study was conducted at the Department of 

Neurology, Punjab Institute of Neurosciences, Lahore, from May to December 2025. Seventy-

one adults aged 18–50 years with multiple sclerosis, diagnosed according to the 2017 Revised 

McDonald Criteria, were enrolled. Brain MRI on a 3-Tesla system was evaluated for lesion 

characteristics and atrophy by a radiologist. Cognitive function was assessed using the 

Montreal Cognitive Assessment. Results: The mean age of participants was 35.08 ± 7.71 years, 

and the mean disease duration was 6.53 ± 3.24 years. The mean Montreal Cognitive Assessment 

(MoCA) score was 22.91 ± 5.87, and the mean total MRI lesion count was 16.07 ± 8.98. Cognitive 

impairment was found in 40.8%, including 21.,1% mild, 12.7% moderate, and 7.0% severe 

impairment. Relapsing–remitting multiple sclerosis was most common (69.0%), followed by 

secondary progressive (19.7%) and primary progressive (11.3%). Patients with impairment had 

older age (p=0.016) and longer disease duration (p=0.012). Cortical lesions and brain atrophy 

were signi�cantly related to cognitive impairment. Conclusions: Cognitive impairment 

appeared as a frequent feature of multiple sclerosis and was related to advancing age, longer 

disease duration, and neuroimaging abnormalities. 
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Multiple sclerosis (MS) is a chronic, immune-mediated, 
demyelinating disorder of the central nervous system that 
typically affects adults in early to mid-adulthood and 
produces cumulative neurological disability [1, 2]. Asian 
estimates remain heterogeneous, with a regional analysis 
reporting an age-standardized prevalence of 10.96 per 
1 0 0 ,0 0 0  p o p u l a t i o n  [ 3 ] .  I n  P a k i s t a n,  a v a i l a b l e 
contemporary sources indicate a low to intermediate but 
r ising burden,  with an estimated prevalence of 
approximately 5 to 10 per 100,000 population and 

increasing recognition of service needs within neurology 
practice [4]. In this disease, cognitive impairment signi�es 
a clinically related nonmotor manifestation that disturbs 
functional independence, work productivity, and health-
related quality of life [5, 6]. Cognitive impairment in MS is 
multifactorial, representing in�ammatory injury, axonal 
loss, and grey matter pathology that interrupt distributed 
neural tissue [7]. Screening studies using the Montreal 
Cognitive Assessment (MoCA) have shown that a 
considerable proportion of patients may have measurable 



impairment even when routine clinical follow-up attention 
on relapse activity and physical disability [8]. In a study 
assessing cognitive function, 48% patients met criteria for 
cognitive impairment with a lower mean MoCA score in 
patients than in healthy individuals (24.58 ± 4.29 vs 28.14 ± 
0.73) [9]. Neuroimaging �ndings provide added biological 
support for cognitive impairment, mainly cortical 
involvement and neurodegeneration. Longitudinal studies 
have shown that cortical lesions identi�ed at diagnosis are 
associated with cognitive impairment over long-term 
follow-up, suggesting the signi�cance of lesion location 
rather than lesion quantity alone [10]. The present study 
was designed to generate clinically useful evidence to 
support earlier recognition of cognitive impairment and 
targeted monitoring in patients at higher risk.
Despite these observations, limitations remain in routine 
clinical practice where detailed neuropsychological 
assessment and advanced volumetric magnetic resonance 
imaging are not available. In many low and middle-income 
regions, cognitive screening is not regularly added to 
multiple sclerosis care, and local data relating practical 
screening tools to routinely reported magnetic resonance 
imaging features remain scarce. The present study aims to 
determine the frequency of cognitive impairment among 
patients with multiple sclerosis using the Montreal 
Cognitive Assessment and to assess its connotations with 
demographic factors, disease duration, and MRI markers 
recorded in everyday practice, including lesion burden, 
lesion location, cortical lesion presence, and radiological 
evidence of brain atrophy.  

preceding 30 days. Participants had to be able to undergo a 
brain MRI  and complete the Montreal  Cognit ive 
Assessment under standardized conditions, with 
satisfactory hearing, vision, and language comprehension. 
Patients were excluded if they had any other neurological 
disorders, such as stroke, traumatic brain injury, or 
epi lepsy,  psychiatric i l lness affecting cognitive 
assessment, systemic illnesses to in�uence cognition or 
imaging �ndings, or contraindications to MRI, including 
metallic implants or severe claustrophobia, or recent use 
of medications recognized to affect cognition. After 
obtaining written informed consent, baseline demographic 
information, including age, sex, and education level, was 
recorded, followed by detailed assessments of clinical, 
neurological, and cognitive functions, including the type of 
multiple sclerosis and disease duration in years. Baseline 
laboratory investigations, including complete blood count, 
erythrocyte sedimentation rate, liver and renal function 
tests, thyroid pro�le, cerebrospinal �uid analysis, and 
vitamin B12 levels, were performed to exclude secondary 
causes of cognitive impairment. Brain magnetic 
resonance imaging was performed on a 3-Tesla scanner 
using routine clinical T2-weighted and �uid-attenuated 
inversion recovery sequences. Total lesion count and 
lesion location were recorded based on radiology review. 
Cortical lesions were coded as present or absent when 
identi�able on the MRI. Brain atrophy was recorded as 
present or absent based on the consultant radiologist's 
report.  Cognitive screening was performed using the 
Montreal Cognitive Assessment by a trained neurologist in 
a quiet, distraction-free environment. Scores range from 0 
to 30, with cognitive impairment de�ned a priori as a score 
below 26 [13]. For descriptive reporting, scores were 
grouped as normal (26–30), mild impairment (20–25), 
moderate impairment (10–19), and severe impairment (<10). 
Data were entered and analyzed using SPSS version 26.0. 
Quantitative variables were reported as mean and standard 
deviation, while categorical variables were noted as 
f r e q u e n c i e s  a n d  p e r c e n t a g e s .  B e t we e n - g r o u p 
comparisons for continuous variables were conducted 
using independent sample t-tests. Associations between 
categorical variables and cognitive status were assessed 
using Pearson's chi-square test. All tests were two-tailed, 
and a p-value <0.005 was considered statistically 
signi�cant. 
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M E T H O D S

This cross-sectional study was carried out in the 
D e p a r t m e n t  o f  N e u r o l o g y,  P u n j a b  I n s t i t u t e  o f 
Neurosciences, Lahore, over a duration of six months from 
May to December 2025. Ethical approval of the study was 
obtained from the institutional review committee 
(1991/IRB/PINS/Approval/2024;dated 13th December 
2024). Patients were enrolled through a non-probability 
consecutive sampling technique from both the outpatient 
and inpatient neurology services, and a brain MRI was 
arranged through the Department of Radiology as part of 
routine patient care. All scans were interpreted by a 
consultant radiologist who remained unaware of the 
patients' cognitive assessment. A sample size of 71 was 
calculated on the basis of an expected cognitive 
impairment frequency of 18.3%, with a 95% con�dence 
level and 9% margin of error [11]. Adults between 18 and 50 
years of age with multiple sclerosis diagnosed according to 
the 2017 Revised McDonald Criteria [12] and disease 
duration of at least 12 months were eligible for inclusion. 
Only clinically stable patients were enrolled, de�ned as no 
relapse and no high-dose corticosteroid use within the 
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The mean age of the patients was 35.08 ± 7.71 years, and the 
mean disease duration was 6.53 ± 3.24 years. There were 23 
males (32.4 %) and 48 females (67.6 %). Cognitive 
impairment severity showed 59.2 % were normal, 21.1 % 
had mild, 12.7 % had moderate, and 7.0 % had severe 
impairment (Table 1). 
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Patients with cognitive impairment had a higher mean age 
(37.72 ± 7.39 vs. 33.26 ± 7.47), longer disease duration (7.70 ± 
3.25 vs. 5.73 ± 3.02), lower MoCA score (20.15 ± 6.25 vs. 24.81 
± 4.81), and greater total MRI lesions (19.45 ± 10.74 vs. 13.74 ± 
6.72), with signi�cant t-values (all p<0.005). Cognitive 
impairment was more frequent in the older age group 
(36–50 years: 65.5% vs. 40.5%, p=0.038) and with longer 
disease duration (>10 years: 27.6% vs. 9.5%, p=0.022) 
(Table 2).

Table 1: Baseline Demographic, Cognitive, and Neuro-Imaging 

Characteristics of Patients with Multiple Sclerosis (n=71)
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Variables Mean ± SD / n (%)Category

Years

Years

18–35 Years

36–50 Years

Male

Female

No Formal Education

Primary

Secondary

Higher

Mean ± SD

Normal (≥26)

Mild (20–25)

Moderate (10–19)

Severe (<10)

Relapsing–Remitting MS

Primary Progressive MS

Secondary Progressive MS

<5 Years

5–10 Years

>10 Years

35.08 ± 7.71

6.53 ± 3.24

35 (49.3%)

36 (50.7%)

23 (32.4%)

48 (67.6%)

8 (11.3%)

15 (21.1%)

28 (39.4%)

20 (28.2%)

22.91 ± 5.87

42 (59.2%)

15 (21.1%)

9 (12.7%)

5 (7.0%)

49 (69.0%)

8 (11.3%)

14 (19.7%)

27 (38.0%)

32 (45.1%)

12 (16.9%)

Age (years)

Disease Duration

Age Group

Sex

Education Level

Moca Score

Type of MS

Disease Duration

Cognitive
Impairment Severity

MoCA: Montreal Cognitive Assessment; MS: Multiple Sclerosis

Out of 71 patients, 42 (59.2 percent) had no cognitive 
impairment, while 29 (40.8 percent) were classi�ed as 
cognitively impaired (Figure 1).

Figure 1: Frequency of Cognitive Impairment Based on MoCA 

Score

Cortical lesions (72.4% vs. 38.1%, p=0.004) and brain 
atrophy (48.3% vs. 16.7%, p=0.004) were signi�cantly 
associated with cognitive impairment (Figure 2).

Figure 1: Representative Axial Fluid-Attenuated Inversion 

Recovery Brain Magnetic Resonance Image Demonstrating 

Periventricular and Juxtacortical Demyelinating Lesions in 

Multiple Sclerosis

Table 1: Association of Cognitive Impairment with Demographic, Clinical, and Neuroimaging Parameters

Variables Category p-valueTest statistic
χ( ² / t-value)

MoCA <26 (Impairment),
n (%)

MoCA ≥26 (No Impairment),
n (%)

Mean ± SD

18–35 Years

36–50 Years

Mean ± SD

Male

Female

No Formal Education

37.72 ± 7.39

10 (34.5%)

19 (65.5%)

7.70 ± 3.25

9 (31.0%)

20 (69.0%)

3 (10.3%)

33.26 ± 7.47

25 (59.5%)

17 (40.5%)

5.73 ± 3.02

14 (33.3%)

28 (66.7%)

5 (11.9%)

Age in years

Age Group

Disease Duration in Years

Sex

Education Level

t = –2.49

χ² = 4.304

t = –2.58

χ² = 0.041

χ² = 6.095

0.016

0.038

0.012

0.839

0.107
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multiple sclerosis in the meta-analysis by Wu et al. was 
32.5% (95% CI 29.3–36.0%), somewhat lower than the 40.8 
percent observed here, but within the heterogeneity range 
of 10.2–60.0% across included studies [14]. By contrast, 
Bouman et al. described a much higher burden of 
impairment, with 73.6% of patients classi�ed as 
cognitively impaired and only 26.4% preserved, re�ecting 
longer disease duration (11.6 ± 6.9 years) and older age (48 ± 
11 years) in that cohort [15]. Taken together, the current 
prevalence aligns with the notion that approximately one-
third to one-half of adults with multiple sclerosis exhibit 
clinically relevant cognitive de�cits, with higher rates in 
progressive and long-standing disease. The proportional 
distribution of clinical phenotypes in this study, with 
relapsing–remitting multiple sclerosis in 69.0%, primary 
progressive in 11.3%, and secondary progressive in 19.7%, 
aligns with the typical dominance of relapsing–remitting 
disease in clinic-based samples. Taub et al. reported that 
MoCA impairment rates were higher in secondary 
progressive (55%) and primary progressive (56%) than in 
relapsing remitting disease (33%) [13]. Brochet and Ruet 
noted that the prevalence in relapsing remitting disease 
tends to be around 31–45% [16]. A study by Brochet et al. 
con�rmed higher impairment rates in secondar y 
progressive disease, with representative �gures of 79.4% 
versus 44.5% in relapsing–remitting [17]. Sabanagic-Hajric 
et al.  also reported worse MoCA performance in 
progressive types, with signi�cant correlations between 
progressive phenotype and executive and language 
dysfunction [18]. Thus, although causal inference is limited 
in the present cross-sectional design, the relatively high 
overall prevalence of impairment and the strong imaging 
associations are biologically congruent with a sample that 
includes a substantial proportion of progressive disease 
[19]. A key contribution of this study is the demonstration 

The present study demonstrated that cognitive 
impairment is a frequent complication of multiple 
sclerosis, with a mean age of 35.08 ± 7.71 years and a mean 
disease duration of 6.53 ± 3.24 years. The overall mean 
Montreal Cognitive Assessment (MoCA) score was 22.91 ± 
5.87, and 40.8% of patients had cognitive impairment 
de�ned as MoCA <26, whereas 59.2 % remained cognitively 
intact. Total MRI lesion burden averaged 16.07 ± 8.98, and 
cognitive impairment was signi�cantly associated with 
higher age, longer disease duration, lower MoCA scores, 
greater total lesion counts, as well as the presence of 
cortical lesions and brain atrophy. Given the cross-
sectional design, temporal change in cognition could not 
be evaluated, and the �ndings should be interpreted as 
associations at a single assessment rather than evidence 
of progression. Age and disease duration emerged as 
important correlates of cognition in the present Study. 
Patients with cognitive impairment were older (p=0.016) 
and had longer disease duration (p=0.012). These �ndings 
are consistent with the meta-regression from Wu et al. who 
found that the prevalence of impairment increased with 
older age (p=0.017) and longer disease duration (p=0.005) 
[14]. The present �ndings therefore reinforce robust 
evidence that age and especially disease duration are key 
determinants of cognitive decline in multiple sclerosis, 
even when absolute disability levels may still be moderate. 
The frequency of cognitive impairment in this study 
(40.8%) falls within the upper range of estimates reported 
in the international literature and is remarkably close to the 
40% of patients with MoCA <26 described by Taub et al. 
whose mean MoCA score was higher at 25.86 ± 2.92 [13]. Al-
Falaki et al. observed MoCA-de�ned impairment in 48 % of 
patients, with a mean total MoCA of 24.58 ± 4.29 compared 
with 28.14 ± 0.73 in healthy controls [9]. The pooled 
prevalence of cognitive impairment in relapsing–remitting 

D I S C U S S I O N

χMoCA: Montreal Cognitive Assessment. ²: Pearson chi-square statistic. t: independent samples t-test. SD: standard deviation. 
Independent t-test used for continuous variables; Pearson's Chi-square test applied for categorical variables. p-value <0.005 was 
considered statistically signi�cant
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Primary

Secondary

Higher

<5 Years

5–10 Years

>10 Years

Mean ± SD

Mean ± SD

Yes

Yes

Yes

Yes

Yes

Yes

3 (10.3%)

16 (55.2%)

7 (24.1%)

6 (20.7%)

15 (51.7%)

8 (27.6%)

20.15 ± 6.25

19.45 ± 10.74

24 (82.8%)

23 (79.3%)

12 (41.4%)

11 (37.9%)

21 (72.4%)

14 (48.3%)

12 (28.6%)

12 (28.6%)

13 (31.0%)

21 (50.0%)

17 (40.5%)

4 (9.5%)

24.81 ± 4.81

13.74 ± 6.72

30 (71.4%)

25 (59.5%)

12 (28.6%)

10 (23.8%)

16 (38.1%)

7 (16.7%)

Disease Duration Groups

Moca Score

Total MRI Lesions

Periventricular Lesions

Juxtacortical Lesions

Infratentorial Lesions

Spinal Cord Lesions

Cortical Lesions

Brain Atrophy

χ² = 7.668

t = 3.54

t = –2.76

χ² = 1.209

χ² = 3.067

χ² = 1.258

χ² = 1.642

χ² = 8.096

χ² = 8.229

0.022

0.001

0.007

0.271

0.080

0.262

0.200

0.004

0.004
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Cognitive impairment was common in patients with 

multiple sclerosis and associated with many demographic 

and disease-related factors. Poorer cognition on screening 

was common in those with old age, longer disease duration, 
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that total MRI lesion burden, cortical involvement, and brain 
atrophy are strongly associated with cognitive impairment. 
Patients with MoCA <26 had signi�cantly higher total lesion 
counts (p=0.007), and cortical lesions and brain atrophy 
were represented in the impaired group (72.4% and 48.3%, 
both p=0.004). Curti et al. reported a similar mean lesion 
count (22.7 ± 16.42 overall) and demonstrated higher lesion 
burden in patients with cortical lesions (p=0.002) and in 
progressive versus relapsing–remitting disease (p=0.001) 
[11]. Bouman et al. further linked multi-domain impairment 
to smaller cortical grey matter, thalamic, and hippocampal 
volumes [15]. Van Doninck et al. observed that impaired 
patients had lower raw hippocampal, thalamic, cortical, 
and grey matter volumes, although only normalized cortical 
volume remained signi�cantly different after correction 
for intracranial volume [20]. From a clinical perspective, 
the �ndings support the routine use of MoCA as a practical 
screening tool to detect cognitive impairment in multiple 
sclerosis, mainly in older patients, have longer disease 
duration or exhibit cortical lesions and radiological atrophy 
Al-Falaki et al. and Taub et al. both noted that MoCA is useful 
to identify cognitive impairment in multiple sclerosis, with 
abnormalities most frequently involving memory, 
attention, visuospatial  functions, and executive 
processing [9, 13]. The study has several strengths, 
including standardized cognitive screening with the 
Montreal Cognitive Assessment, which was done along 
with brain MRI within the same clinical setting, allowing 
individual patient-level relation of cognitive status with 
lesion burden and atrophy. Recruitment from both 
inpatient and outpatient neurology services increases 
clinical relevance, and radiological evaluation was done by 
quali�ed specialists, reducing the likelihood of error in 
identifying lesion types and brain atrophy. The inclusion of 
disease duration and age strati�cation further supports 
the interpretation of associations. 
Important limitations exist. Disability scores, fatigue, 
depression, and medication effects were not assessed, 
even though these factors are recognized to in�uence 
cognitive outcomes. MoCA offers a global screen but does 
not substitute detailed neuropsychological testing. Since 
the study was conducted at a single center, the �ndings 
may not be fully applicable to other clinical settings. Future 
studies should implement long follow-up with standardized 
disability scoring, validated measures of depression and 
fatigue, and quantitative volumetric imaging to model 
cognitive trajectories and determine whether imaging 
markers add prognostic value beyond clinical measures.                 
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and those showing structural changes on brain imaging. 

These �ndings suggest that cognitive decline should be 

regarded as an important part of the overall disease burden 

rather than an isolated complication. Integrating cognitive 

assessment into routine neurological follow-up may 

improve patient monitoring, allow earlier identi�cation of 

decline, and may support timely rehabilitation and 

supportive care aimed at maintaining daily functioning and 

quality of life. 
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This study compares the effectiveness and safety of topical Spironolactone 5% versus topical 

Clindamycin 2% in treating acne vulgaris in the same patient. Objective: To assess the 

effectiveness and safety of topical spironolactone 5% versus topical clindamycin 2% in the 

treatment of mild to moderate acne vulgaris in the same patient through a controlled 

evaluation. Methods: A double-blind, split-face comparative study was conducted at the 

Department of Dermatology, Ghurki Trust Teaching Hospital (October 2023-September 2024). 

Participants used 5% Spironolactone on one side of the face and 2% Clindamycin on the other 

for 12 weeks. Both patients and the assessing dermatologist remained blind. Improvement was 

measured by Total Lesion Count, Acne Severity Index, and Global Acne Assessment Score 

(GAAS), with a GAAS score of 0 or 1 indicating treatment success. Results: Both therapies 

effectively reduced papules, pustules, and comedones in 42 participants over 12 weeks, 

achieving Total Lesion Count Reductions of approximately 77.5 % for topical Spironolactone and 

79.2% for topical Clindamycin (p=0.877). Clindamycin demonstrated faster initial improvement 

in total lesion count at week 6 (p=0.043) and week 8 (p=0.012), but Spironolactone showed 

comparable improvement by Week 12; however, the difference was not statistically signi�cant 

(p=0.057). Clindamycin reduced pustules more e�ciently at Week 12 (p=0.007). Conclusions: 

Both topical spironolactone and clindamycin were effective in treating mild to moderate acne 

vulgaris. Clindamycin showed a quicker initial improvement, but both treatments had similar 

results after 12 weeks. 
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Acne vulgaris is a recurrent in�ammatory skin disorder that 
affects sebaceous glands and hair follicles [1]. Comedones, 
papules, pustules, nodules, and scars are its prominent 
features [2]. While the disease is thought to mostly affect 
adolescents and young adults, it can develop and persist 
long into adulthood [3, 4]. Around the world, 87% of adults 
suffer from acne vulgaris. Acne can signi�cantly affect 
mental health and psychosocial growth [5]. The formation 
of acne involves a multifaceted process inside the 
pilosebaceous unit, incorporating numerous factors. 

These factors encompass hormonal balance alterations, 
excessive production of sebum, and changes in its 
composition and follicular hyperkeratinisation. The 
combination of these complex mechanisms leads to 
dysfunction in the pilosebaceous unit, facilitating the 
formation of microcomedones, which subsequently 
develop into non-in�ammatory and in�ammatory lesions 
[6]. Treatment options encompass topical retinoids 
(Isotretinoin, Tretinoin, Adapalene, Tazarotene), topical 
antibiotics (Clindamycin, Tetracycline, Erythromycin), 



systemic antibiotics (Azithromycin, Minocycline, 
Doxycycline, Tetracycline), systemic retinoids, and 
hormone therapy, based upon the degree of severity [7]. 
Resistance to antibiotics in acne presents a signi�cant 
concern [8]. Anti-androgens appear to be an acceptable 
approach to the treatment of acne vulgaris because 
androgen hormones cause sebaceous gland hyperplasia 
and increased sebum production [9, 10]. As a result, several 
anti-androgen medications have been used for acne 
vulgaris,  including Androgen Receptor Blockers 
(spironolactone, combined oral contraceptive pills, and 
topical clascoterone ), Non-steroidal anti-androgens 
(�utamide), and 5 alpha reductase inhibitors (�nasteride, 
dutasteride) [11]. Spironolactone exerts its effects via the 
following mechanisms: Androgen Receptor blockade acts 
a s  a  co m p et i t i ve  i n h i b i to r  of  te s to s te ro n e  a n d 
dihydrotestosterone (DHT), blocking their binding. 
Suppression of 5 alpha reductase leads to reduced DHT 
formation, resulting in decreased size and activity of 
sebaceous glands. Side effects include menstrual 
irregularities, postural hypotension, and hyperkalaemia. 
Breast enlargement and alterations in libido are speci�c to 
males. Topical preparations can be utilized to obtain the 
bene�ts of their action while minimising signi�cant side 
effects [12]. Clindamycin diminishes the development of 
acne lesions by inhibiting the growth of Cutibacterium 
acnes and preventing the synthesis of bacterial proteins 
[13]. 
D i r e c t  c o m p a r a t i v e  s t u d i e s  b e t w e e n  t o p i c a l 
spironolactone and topical clindamycin in acne vulgaris are 
limited. While randomized controlled trials (RCTs) are the 
standard design for clinical trials, ethical and practical 
considerations make a non-randomized split-face design 
more achievable. This approach minimizes inter-individual 
variability, allows for direct within-patient comparisons, 
and ensures no patient is deprived of standard therapy. The 
current study used double-blinding and standardized 
application to limit biases that will improve clinical 
decision-making and acne management protocols. This 
study aimed to assess the effectiveness and safety of 
topical spironolactone 5% versus topical clindamycin 2% in 
the treatment of mild to moderate acne vulgaris in the 
same patient through a controlled evaluation.

which treatment was given to each person. The study 
protocol followed the Declaration of Helsinki's ethical 
guidelines and Good Clinical Practice (GCP) guidelines. 
Participants were selected using consecutive sampling 
from patients presenting to the department during the 
study duration. The study included 42 patients, aged 12-39 
years, with mild to moderate acne vulgaris. Patients who 
h a d  h y p e r s e n s i t i v i t y  t o  e i t h e r  c l i n d a m y c i n  o r 
spironolactone, Individuals who had used systemic or 
topical acne medications during the month before 
beginning therapy, pregnant or lactating women, and 
patients with nodulocystic acne were excluded from the 
study. All patients provided written informed consent 
before participating in the trial. The sample size was 
calculated by the WHO sample size calculator using a 95% 
con�dence interval and 80% power of the study. The mean 
Acne severity index of the cases was taken from a previous 
study with (Group A) = 5.1 ± 5.3, the mean Acne severity 
index of the controls (Group B) = 7.7 ± 6.2 [14]. Acne lesions 
were evaluated by type (comedones, papules, pustules), 
number, and severity using the Global Acne Assessment 
Score (GAAS) and Acne Severity Index (ASI). Acne severity 
was assessed using the Global Acne Assessment Score 
(GAAS), a validated and widely used clinical grading tool 
with demonstrated reliability and applicability across 
different populations [15, 16]. Based on GAAS scores, 
patients were classi�ed into mild, moderate, and severe. 
Photographic evaluation of the lesion was carried out at 
each visit with the patient's consent. The effectiveness of 
both treatments was determined by Total Lesion Count, 
GAAS, and ASI, and it was evaluated biweekly at 2,4,6,8 and 
12 weeks by a single investigator who is blinded to the 
treatment allocation. The formulations of the study creams 
were as follows:  5% Spironolactne Cream: Spironolactone 
5%, cetyl alcohol 1.5%, croda wax 10%, polawax 3%, 
glycerine 5%, propylene glycol 5%, white soft para�n 10%, 
phenoxyethanol 1%, lactic acid 2%, methylparaben 0.2%, 
propyl paraben 0.02%, reverse osmosis water to 100g. 2% 
Clindamycin Cream: Clindamycin phosphate 2%, 
cetostearyl alcohol 2%, pola wax 5%, 2-phenoxy ethanol 
1%, liquid para�n 5%, white soft para�n 20%, reverse 
osmosis water to 100g. To ensure blinding, both study 
formulations were prepared by a third party that was 
independent and standardized to match in colour, texture, 
and Odor. The creams were poured into identical coded 
containers, which allowed neither the participants nor the 
assessing dermatologist to identify which cream was used. 
The outcome assessor was not aware of treatment 
a ss i g n m e n t  d u r i n g  t h e  s t u d y  p e r i o d.  A  s i m p l e 
randomization method (a coin toss) was used to decide 
which side of the face would get treatment. Spironolactone 
went to one side and clindamycin went to the other.  
Patients were directed to cleanse their face with a mild 
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M E T H O D S

A double-blind split-face comparative study was 
conducted at the Department of Dermatology, Ghurki Trust 
Teaching Hospital, from October 2023 to September 2024 
after taking ethical approval from the Institutional Review 
Board (LMDC/16989/23; dated 9th October 2023). A third 
party made both formulations and made sure they had the 
same color, texture, and smell. The participants and the 
dermatologist who was judging the treatment did not know 
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cleanser, gently pat it dry, and apply an equal number of 
designated creams to each side of the face twice daily. To 
minimize cross-contamination, participants were given 
directions to clean their hands between applications. 
Treatment adherence was assessed through patient self-
reporting and veri�cation of medication usage at each 
follow-up visit. Clinical evaluations were conducted 
biweekly over the 12 weeks. The patients were instructed to 
discontinue medication after 12 weeks and undergo re-
evaluation after one month to check for relapse. Acne 
Severity Index (ASI) was calculated using the following 
formula: ASI=papules + (2 × pustules) + (comedones / 2) [16]. 
Participants with a GAAS score of 0 (none) or 1 (minimal) will 
be classi�ed as having achieved “success”. Side effects 
were also noted at each follow-up visit. At the conclusion of 
the follow-up period, participants rated their satisfaction 
level by using a 4-point scale: 1 = Excellent (very satis�ed), 2 
= Good (moderately satis�ed), 3 = Fair (slightly satis�ed), 
and 4 = Poor (not satis�ed). The Global Acne Grading 
System (GAGS) was initially created in 19973. The GAGS 
breaks the face (forehead, each cheek, nose, and chin) into 
six parts, and the severity of each area is rated on a scale of 
0 to 4 (0, there are no lesions; 1, comedones; 2, papules; 3, 
pustules; and 4, nodules). The sum of the six zones is then 
added, and the severity of acne is determined as mild (118), 
moderate (1930), severe (3138), and very severe (>39) [15]. 
The primary outcome of the study was a reduction in total 
lesion count, while secondary outcomes included changes 
in Acne Severity Index (ASI), Global Acne Assessment Score 
(GAAS), patient satisfaction, side effects, and relapse.
Data were analysed using SPSS version 27.0. Qualitative 
variables were represented as numbers and percentages, 
whereas quantitative data were presented as mean ± 
standard deviation (SD). The Wilcoxon signed rank test was 
used for comparison between the spironolactone-treated 
side and the clindamycin-treated side at each follow-up 
visit. The Kolmogorov-Smirnov test was applied to check 
the normality of data and found that p-values were <0.005, 
so non-parametric testing was applied. As it was a split-
face study, the Wilcoxon test was used for comparison. All 
p-values less than 0.005 were considered statistically 
signi�cant.

treatment  groups regarding papules,  pustules, 
comedones, total lesion count, and Acne Severity Index 
(p>0.005), indicating similar initial conditions. By week 12, 
no signi�cant difference in total lesion count (TLC) was 
observed between the treatments (p=0.877), suggesting 
comparable long-term effectiveness. The comparison of 
lesion counts and ASI between the two treatments. The 
Acne Severity Index ASI was comparable between the 
groups (spironolactone 17.06 ± 2.66 versus clindamycin: 
18.02 ± 2.68, p=0.103). Both treatments resulted in a 
decrease in ASI over time, with clindamycin demonstrating 
signi�cantly greater reductions starting from week 6 
(p<0.005). However, at week 12, clindamycin demonstrated 
a lower ASI (3.43 ± 2.26) in comparison to spironolactone 
(4.50 ± 1.63, p=0.014). The magnitude of this difference was 
small, suggesting limited clinical signi�cance despite 
statistical signi�cance (Table 1).
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In this study with 42 participants, 85.7% were female, 
90.5% were between the ages of 18 and 29, and 71.4% were 
unmarried. All participants were non-smokers, with 14.3% 
having comorbidities. Disease duration exhibited 
variability: 45.2% experienced it for 6 to 12 months, 35.7% 
for three to six months, and 19% for more than one year. All 
participants completed the study and were included in the 
�nal analysis, with no dropouts reported. At baseline, there 
was no statistically signi�cant difference between the two 

R E S U L T S

Table 1: Comparative Clinical Pro�le of Patients from Baseline to 

12 weeks Between Treatment with Topical Spironolactone and 

Topical Clindamycin (Split face n=42)

Both spironolactone and cl indamycin therapies 

7.07 ± 1.80

5.24 ± 1.39

3.12 ± 1.02

1.98 ± 0.84

1.36 ± 1.08

0.98 ± 1.09

2.19 ± 1.19

2.05 ± 1.25

1.60 ± 1.01

1.31 ± 0.98

0.76 ± 0.82

0.38 ± 0.54

13.14 ± 2.51

10.45 ± 3.27

8.83 ± 3.20

7.00 ± 3.16

4.74 ± 3.06

3.38 ± 2.58

22.40 ± 2.34

17.74 ± 3.53

13.55 ± 3.39

10.29 ± 3.47

6.86 ± 3.59

4.74 ± 2.95

18.02 ± 2.68

14.56 ± 3.19

10.73 ± 2.85

8.10 ± 2.83

5.25 ± 5.06

3.43 ± 2.26

6.71 ± 2.08

5.50 ± 1.77

4.24 ± 1.72

3.29 ± 1.64

2.60 ± 1.71

1.50 ± 1.37

1.93 ± 1.20

1.86 ± 1.16

1.55 ± 0.99

1.40 ± 0.99

1.17 ± 0.88

0.88 ± 0.74

12.98 ± 2.91

10.90 ± 3.09

8.98 ± 3.65

7.12 ± 3.26

4.93 ± 3.11

2.48 ± 2.55

21.62 ± 3.41

18.26 ± 3.40

14.76 ± 3.41

11.81 ± 3.30

8.69 ± 2.92

4.83 ± 2.34

17.06 ± 2.66

14.67 ± 2.67

11.82 ± 2.19

9.65 ± 2.26

7.39 ± 2.02

4.50 ± 1.63

0

2

4

6

8

12

0

2

4

6

8

12

0

2

4

6

8

12

0

2

4

6

8

12

0

2

4

6

8

12

0.398

0.456

<0.001

<0.001

<0.001

0.058

0.322

0.468

0.819

0.677

0.030

<0.001

0.788

0.519

0.842

0.884

0.779

0.112

0.225

0.494

0.107

0.043

0.012

0.877

0.103

0.864

0.053

0.007

0.014

0.015

Papules

Pustules

Comedones

Total
Lesion Count

Acne Severity
Index (ASI)

p-
value

Clindamycin,
(Mean ± SD)

Spironolactone,
(Mean ± SD)

Visit
(Weeks)Parameters
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signi�cantly decreased the presence of papules, pustules, 
and comedones; however, Clindamycin demonstrated 
faster initial improvement in total lesion count at week 6 
(p=0.043) and week 8 (p=0.012). The reduction in lesion 
count over time for both treatments is shown (Figure 1).

group attaining success (78.6%) and 34 of 42 participants in 
the clindamycin group achieving success (81.0%). This 
shows that both therapies were equally successful in 
reaching success by the conclusion of the study even 
though clindamycin exhibited faster improvement early. 
Both treatments were generally well tolerated, with only 
mild side effects reported during the study period. The 
difference in treatment success between the two sides 
was minimal and appeared comparable at week 12 (Figure 
2).
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Table 2: Comparison of the Number of Patients Who Achieved 

Success on the Global Acne Assessment Score

Figure 1: Improvement in Lesion Count in the Spironolactone Side 

and Clindamycin Side from Baseline to 12 Weeks

T h e  t wo  t re at m e n t s  d e m o n s t rate d  p ro g re ss i ve 
improvements. None of the patients succeeded during 
baseline and week 2. By week 6, there were equal success 
rates (7.1% each). Clindamycin demonstrated a quicker 
response at week 8 (45.2% vs 19.0%). But by week 12, the 
two treatments showed similar effectiveness, with 
clindamycin and spironolactone success rates of 81.0 and 
78.6, respectively (Table 2).

Clindamycin
Success, n (%)

Clindamycin
Failure, n (%)

Spironolactone
Success, n (%)

Spironolactone
Failure, n (%)

Visit
(Weeks)

42 (100%)

42 (100%)

41 (97.6%)

39 (92.9%)

23 (54.8%)

8 (19.0%)

0 (0%)

0 (0%)

1 (2.4%)

3 (7.1%)

19 (45.2%)

34 (81.0%)

42 (100%)

42 (100%)

42 (100%)

39 (92.9%)

34 (81.0%)

9 (21.4%)

0 (0%)

0 (0%)

0 (0%)

3 (7.1%)

8 (19.0%)

33 (78.6%)

0

2

4

6

8

12

The Global Acne Assessment Score indicates that the 
success rates for both groups were similar at week 12. The 
treatment success based on GAAS at each follow-up visit is 
presented, with 33 of 42 individuals in the spironolactone 

Figure 2: Side Effects Observed During Study

Patient satisfaction was high in both treatment groups, 
with most participants reporting good to excellent 
outcomes. The distribution of patient satisfaction scores 
is presented (Figure 3).

Figure 3: Patient Satisfaction Score of Spironolactone and 

Clindamycin

Before and after, the picture of the spironolactone side 
effects was shown (Figure 4).
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our study are in line with other reports that suggest that 
topical spironolactone is well tolerated [17]. On the 
contrary, adverse effects of systemic spironolactone have 
been reported to include menstrual abnormalities and 
dizziness, further highlighting the safety bene�t of topical 
preparations [19].
This research has a number of weaknesses. Small sample 
size and single-center design could limit generalizability. 
The use of mild to moderate acne only limits the 
generalizability to severe cases, and the duration of the 
follow-up does not allow evaluation of long-term 
effectiveness and relapse. Though the split-face design 
minimizes inter-individual variability, there is still a risk of 
cross-contamination. Also, possible confounders like 
hormonal status, diet, use of cosmetic and menstrual 
variations were not controlled, and no subgrouping based 
on age or gender was done. According to these gaps, future 
research ought to be performed on larger multicenter 
randomized trials with longer follow-up and including 
severe acne.

This study demonstrated that both topical spironolactone 
5% and clindamycin 2% are effective in reducing acne 
severity, with comparable outcomes at 12 weeks, although 
clindamycin showed a relatively faster onset of action. 
These results are in line with the emerging evidence of the 
topical spironolactone being an effective anti-androgen 
therapy. The clinical e�cacy of topical spironolactone 
formulations has been recently documented by signi�cant 
decreases in the Acnes Severity Index (ASI) and total lesion 
count (TLC), which validates its use [17]. But these 
comparisons are to be approached with caution because of 
variations in formulation, study design, and severity of 
baseline. The effectiveness of topical clindamycin we 
observed is in line with the previous literature showing that 
it is effective in the treatment of in�ammatory lesions, 
especially papules and pustules [18]. But its slower and less 
prolonged action in later weeks than spironolactone may 
indicate its dominance as an antibacterial agent and not an 
action on the hormonal part of acne. Importantly, 
comparisons in this discussion are restricted to topical 
therapies with similar routes of administration to ensure 
methodological consistency. Although oral spironolactone 
is effective in moderate-severe acne, these results cannot 
be directly compared because they vary in systemic 
exposure and pharmacokinetics [19]. Conversely, topical 
spironolactone, with its localized anti-androgenic effect 
and low systemic absorption, is a factor in its good safety 
pro�le. The growing importance of topical antiandrogenic 
treatments, such as spironolactone and clascoterone, in 
the management of acne has also been noted in the recent 
literature. These agents have shown considerable 
decreases in in�ammatory and non-in�ammatory lesions, 
and are better tolerated than systemic treatments [20]. 
This justi�es the topical spironolactone use over prolonged 
use of antibiotics, especially given the current trend of 
increasing antimicrobial resistance. In terms of safety, the 
localized adverse effects that were mild and registered in 
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Figure 4: Before and After Pictures of the Patient (Spironolactone 

Side)
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Both topical spironolactone 5% and clindamycin 2% 

showed considerable clinical improvement over 12 weeks 

in the severity of acne. Clindamycin exhibited a more rapid 

action and was more successful in weeks 6 and 8, but at 

week 12, the two treatments had similar e�cacy. 

Spironolactone was found to have signi�cant decreases in 

both lesion counts and severity indices, suggesting the 

agent as an effective topical antandrogen agent. Both 

interventions were tolerated well, and there were minimal 

localized adverse effects noted.
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Cleft lip and palate (CLP) are prevalent birth disorders and have signi�cant impacts on the 

individuals and their families. Objectives: To identify the trends of cleft lip and palate and to 

examine the effects of family history and the marriage of cousins. Methods: This cross-

sectional study was carried out in the Department of Oral Pathology, University of Health 

Sciences, Lahore. Four hundred children between the ages of 0 and 20 years were included. The 

following data were taken: demographic and clinical, such as age, sex, type of cleft, maternal 

folic acid intake, family history of cleft lip and/or palate or other congenital anomalies, and 

parental consanguinity. Results: The mean age of the participants was 55.79 ± 54.3 months. 

Among them, 214 (53.5%) were male, and 186 (46.5%) were female. In terms of cleft pattern, cleft 

lip and palate were most common, affecting 247 (61.8%) individuals, compared to those with only 

cleft lip or cleft palate. A positive family history was reported in 89 (22.3%) of the cases. Only 60 

(15%) of the mothers had taken folic acid during pregnancy, and cousin marriages were noted 

among the parents of 309 (77.3%) children. Conclusions: CLP is more commonly observed in 

individuals with a positive family history and those whose parents are biologically related. A 

considerable proportion of affected children had parents who were cousins, suggesting that 

consanguinity may be a contributing factor to CLP. Additionally, a signi�cant number of mothers 

did not receive folic acid supplementation during pregnancy, which is a modi�able risk factor.
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A cleft of the lips, palate, or both is the most common 
congenital anomaly of the orofacial complex in a newborn. 
CLP is a serious health issue with more than 10 million 
victims worldwide [1]. The greatest number of these 
anomalies concerns the Chinese births; the next ones are 
India and Indonesia. Pakistan has the largest number of 
infants born with a cleft lip or cleft palate after Indonesia 
[2]. One of the numerous affected craniofacial elements 
and oral structures is the hard palate due to these 
congenital defects [3]. The world is experiencing an 
alarming trend of the total number of people with clefts in 
their mouths and cheeks as the population continues to 

grow and the overall life expectancy is rising [4]. These 
conditions are being encountered at different frequencies 
across geographical areas among all ethnicities, sexes, 
and socioeconomic strata. The management involves 
s e v e r a l  s u r g i c a l  p r o c e d u r e s  a n d  e x t e n d e d 
multidisciplinary treatment that cause great psychological 
stress to the a�icted individuals and their families [5]. 
Cleft lip and palate are a multifactorial and complex 
development in its formation, which incorporates both a 
genetic predisposition and environmental exposures. In 
some cases, chromosomal abnormalities related to 
inheritable syndromes can also contribute to it [6]. A 



positive family history of CLP is an established risk factor of 
CLP; exposures to environmental risk factors like 
cigarettes and alcohol, prescription drugs, and illicit drugs, 
and an advanced maternal age at birth are some of the 
established risk factors of CLP [7]. Eighty-seven patients 
with orofacial clefts were studied in an Iranian study, and 
considerable relationships were observed between the 
presence of an orofacial cleft and consanguineous 
marriage of the parents, aggregation of clefts in families, 
and folic acid intake [8]. These patterns in the framework of 
hereditary background and consanguinity are analyzed as 
bringing important information to the genetic and 
environmental aspects of cleft lip and palate to develop 
more effective interventions, early diagnostics, and 
optimal management strategies.
Although the association of consanguineous marriage and 
congenital anomalies is well established, little data are 
available about the contribution of cousin marriage and 
maternal folic acid consumption to the occurrence and 
prevalence of cleft lip (CL) and cleft palate (CP) in Pakistan. 
This study aims to determine the distribution patterns of 
cleft lip and palate as well as to evaluate the in�uence of 
familial history and cousin marriages on the incidence of 
cleft lip and palate. 

�rst-cousin, second-cousin, or more distantly related 
unions and was determined through structured interviews 
with parents without any genetic testing or o�cial medical 
documentation, and classi�cations were based entirely on 
self-reported familial data. 
SPSS version 26 was used to record and analyze the data. 
Descriptive statistics were performed to summarize age, 
gender distribution, cleft types, folic acid intake, and family 
history. Associations between cleft type and variables such 
as folic acid intake and family history were assessed using 
Chi-square tests or Fisher's exact tests, and assumptions 
for these tests (such as minimum expected cell counts) 
were checked before analysis. A p-value≤0.05 was set as 
statistically signi�cant.
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M E T H O D S

A cross-sectional study was conducted in the Department 
of Oral Pathology at the University of Health Sciences, 
Lahore, from January 2020 to December 2021, after 
getting formal institutional approval (Approval No. 
UHS/REG-20/ERC/146; dated 15th January 2020), and the 
research was conducted in accordance with the 
Declaration of Helsinki. A non-probability convenience 
sampling approach was used to enroll children diagnosed 
with non-syndromic cleft lip and/or palate (NSCL/P) who 
presented to CLAP Hospital, Lahore. The study consisted 
of 400 participants between 0 and 20 years of age. Despite 
the fact that the sample size was determined by practical 
considerations and not as a result of a statistical power 
calculation, it is comparable to those reported in related 
published studies. All ethical requirements were carefully 
observed. As the study population consisted of minors, 
written informed consent was obtained from parents or 
legal guardians, and verbal or written assent was obtained 
from children capable of comprehension, generally those 
older than seven years. Participants with syndromic cleft 
lip and/or palate, incomplete clinical documentation, or 
unclear diagnostic information were excluded. The data 
collected were composed of demographic and clinical 
variables, including age, gender, cleft type, folic acid intake 
by mothers, and positive family history of cleft lip and/or 
palate or other birth defects. An established criterion was 
used for categorization of Parental consanguinity into 
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The mean age was 55.79 ± 54.3 months. Out of 400 patients, 
there were 214 (53.5%) male and 186 (46.5%) female. 
Regarding the pattern of cleft lip and palate, CLP was the 
most prevalent, observed in 247 cases (61.8%), exceeding 
the occurrences of cleft lip only and cleft palate only. A 
familial occurrence of the condition was reported by 89 
participants, accounting for 22.3% of the study population. 
Folic acid was taken by the mothers of 60(15%) children 
only, and cousin marriages were observed in the parents of 
309 (77.3%) children (Table 1).

R E S U L T S

Table 1: Distribution of Demographic Variables 

Variables Frequency (%)

Male

Female

Cleft Lip and Palate

Cleft Lip Only

Cleft Palate Only

Positive

Negative

Yes

No

Yes

No

214 (53.5%)

186 (46.5%)

214 (53.5%)

117 (29.3%)

69 (17.3%)

89 (22.3%)

311 (77.8%)

60 (15%)

340 (85%)

309 (77.3%)

91 (22.8%)

Gender

Cleft Lip and Palate Pattern

Family History

Folic Acid

Cousin Marriages

The study presents the distribution of CLP patterns based 
on gender, family history, maternal folic acid intake, and 
cousin marriages; however, no signi�cant associations 
were found (Table 2).

Table 2: Association among the Demographic Variables

Variables Cleft Lip Only Cleft Palate onlyCleft Lip and Palate

Male 121 (56.5%) 57 (27%) 36 (16.3%)

Gender
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to understand more about cleft conditions. In this 
research, the boys (as compared to girls) were more 
affected by cleft lip and palate, with an average age of 55.79 
and a standard deviation of 54.3 months. This is unlike 
some other studies, which have found more girls being 
affected. The variations in the way the body parts develop 
in both boys and girls, such as hormones that in�uence the 
formation, may be behind the fact that more boys are 
affected. There is research that claims the palate may take 
longer to form in early growth in girls, making them prone to 
a cleft palate. The delayed palatal fusion in embryogenesis 
in females has been postulated to predispose to 
developmental disturbances, and therefore, predispose 
the onset of cleft palate malformation [9]. Conversely, 
research conducted in Pakistan has similarly documented 
a higher frequency of orofacial clefts in males, who 
comprised 60% of cases compared with 40% in females 
[10]. Similarly, another study identi�ed a total of 2,089 
children meeting the inclusion criteria, with 1,311 male and 
778 female. In female, orofacial clefts primarily occur 
during the late embryonic period and usually involve only 
the secondary palate, often due to fusion defects. In 
contrast, clefts in male are more prevalent during both the 
early and late embryonic stages. These clefts often affect 
both the primary and secondary palates and are typically 
caused by differentiation abnormalities or a combined 
fusion and differentiation disturbance [11]. The cases of 
cleft lip and cleft palate were found in the current study in a 
larger number based on palate, and then cleft lip, and �nally 
cleft palate. A study carried out in Pakistan depicted a 
higher prevalence of cleft lip only, then cleft palate only, 
and cleft lip and palate, respectively. Out of the 540 
patients with the condition of the OFC, 123 were a�icted 
with cleft lip alone, 233 with cleft lip and palate, and 178 with 
cleft palate. Cleft lip and cleft lip and palate patients were 
characterized by a greater number of male patients, 
whereas cleft palate was characterized by more female 
patients [12]. A different study illustrated the CL:CLP: CP 
ratio to be 4.7:7.1:1 [13]. The existing evidence also points to 
the idea that women of children with orofacial clefts (OFC) 
tend to have nutritional de�ciencies and a lack of folic acid. 
Prenatal vitamins and folic acid are advised for women of 
childbearing age, both before and during pregnancy, in 
case of an unplanned pregnancy [14]. In the current study, 
only 60 (15%) female took folic acid during their pregnancy. 
Samuel Trezena noted a slight trend in the occurrence of 
complete non-syndromic cleft palate (NSCP) among 
children with a family history of NSCP, those whose 
mothers took some form of medication in pregnancy, or 
those with certain systemic alterations. Although these 
differences were statistically insigni�cant, they should still 
be considered while examining the development of cleft 
types [15]. They reported that 25% of patients had oral 
clefts in their families, which is signi�cantly more than the 

Cleft lip and palate are widely occurring congenital 
anomalies that are caused by a complex interplay between 
a predisposition that is hereditary and the environmental 
exposures, whereby the underlying mechanisms are not 
always well understood. The children who are affected 
often face self-esteem issues and di�culty getting along 
with others. They may have scars on their face and talk 
differently, which could in�uence their attitude towards 
themselves. They may become awkward with the people 
around them or may be regarded as being treated unjustly 
or bullied. As well, communicating well due to di�culty in 
speaking may be a challenge and have an impact on 
friendship and school performance. The best thing to do is 
begin speech therapy at the earliest stage, and with the 
help of medical care and encouragement from others, a 
majority of individuals are capable of leading a normal, 
successful life. Stigmatization and increased acceptance 
of people can also be achieved by assisting the community 
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Female

p-value

RR (CI)

Yes

No

p-value

RR (CI)

Yes

No

p-value

RR (CI)

Yes

No

p-value

RR (CI)

93 (50.5%)

0.13

1.35 (0.913-2.01)

35 (60%)

179 (52.6%)

0.41

1.2 (0.72-2.1)

167 (54%)

47 (52.7%)

0.68

1.01 (0.689-1.75)

49 (55%)

165 (53.3%)

0.73

1.084 (0.675-1.7)

60 (32.2%)

0.17

0.744 (0.48-1.14)

15 (25%)

102 (3.8%)

0.40

767 (0.40-1.43)

91 (29.7%)

26 (28.5%)

0.82

1.06 (0.633-1.77)

25 (28%)

92 (30%)

0.74

0.91 (0.54-1.54)

33 (17.2%)

0.71

0.90 (0.538-1.52)

10 (15%)

59 (17%)

0.94

0.9729 (0.466-2.02)

51 (16.2%)

18 (18.6%)

0.42

0.783.43-1.4)

15 (16.8%)

54 (16.7%)

0.96

98 (0.52-1.85)

Folic Acid Intake by Mothers

Cousin Marriages

Family History

RR: Relative Risk CI: Con�dence Interval

Analysis of gender, maternal folic acid intake, cousin 

marriage, and family history showed no statistically 

signi�cant association with the type of orofacial cleft. The 

distribution of cleft lip and palate, cleft lip only, and cleft 

palate only was similar in both males and females, with all p-

values > 0.05. Likewise, maternal folic acid use did not 

signi�cantly in�uence cleft type, and relative risks for all 

categories crossed unity. No meaningful differences were 

observed between children from consanguineous versus 

non-consanguineous marriages, nor between those with 

or without a positive family history, as re�ected by non-

signi�cant p-values and wide con�dence intervals. Overall, 

none of the evaluated factors demonstrated a signi�cant 

association with cleft subtype in this cohort.
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Consistent with other studies, research in Iran showed a 
statistically signi�cant link between consanguinity and the 
occurrence of oro-facial clefts [20]. However, a study from 
Saudi Arabia did not establish this relationship [25]. 
Additionally, a signi�cant link between the incidence of 
cleft defects and family history was reported in another 
study conducted in Brazil and Saudi Arabia, which is also 
observed in the present study [26]. First and second-
degree family histories of clefts had a higher risk compared 
to third-degree relatives. However, a study from India 
reported a signi�cant correlation between cleft defects 
and family history [27]. Among 538, consanguinity was 
found in 284 parents; more of the patients were reported 
with cleft lip and palate [22]. In other countries, including 
Iran, where consanguineous marriage is common and 
culturally valued, the acceptance of consanguineous 
marriages in society contributes to the increased risk of 
congenital anomalies. To overcome this challenge, the 
policymakers in the health sector ought to issue preventive 
policies to reduce consanguineous marriages. It is 
important to adopt genetic counseling and involve 
prominent leaders in the community in the design and 
implementation of health programs [28]. Increased 
incidents of cleft lip and palate (CLP) are being observed in 
children born to similar parents, and this has signi�cant 
implications for health care and society. When a child has 
CLP, families tend to have huge �nancial and social 
problems due to the high costs of surgeries, continuous 
medical treatment, and other auxiliary services. These 
problems demonstrate the signi�cance of providing more 
genetic guidance and enhancing the health activities of the 
population. Informing the population about the genetic 
risks of close family marriages and providing them with 
access to counseling can be used to lessen the effects of 
CLP and other genetic issues in societies where such 
marriages are prevalent. 
Although this research did not show any decisive 
relationship, the number of individuals that were 
researched was too low, and the manner in which the 
research was conducted may have made it di�cult to 
notice an actual relationship. This must be taken as a 
limitation, and further research on bigger groups is 
required to prove these �ndings.

2.9 % prevalence in Spain and 7 % in Brazil [16, 17].  In a study 
conducted in Brazil, the predominance of a family history of 
non-syndromic oral clefts (NSOC) among individuals with 
non-syndromic cleft palate (NSCP) was 33.2%. Probably, 
this could have been due to differences in sample size of 
the studies [18]. The present research could not �nd any 
signi�cant correlation between CP and consanguineous 
m a r r i a g e s .  T h e  o t h e r  s t u d i e s  a l s o  h i g h l i g h t 
consanguineous marriage as a risk factor with an OR of 
nearly 3, meaning that children born to such marriages are 
more susceptible to developing complex cleft lip [19, 20]. It 
is possible that the absence of meaningful association 
between consanguineous marriages and cleft lip and 
palate reported in this research could be explained by a 
number of methodological and population-related factors. 
These are a lack of adequate sample size to elicit minor 
effects, a more inclusive de�nition of consanguinity, and 
an inherent genetic heterogeneity in the study sample in 
comparison to previous studies. Also, the outstanding 
confounding variables, reporting or categorizing 
relationships with family members, and potential selection 
bias because of a hospital-based sample could have 
diminished the capacity to �nd a true association. The 
discrepancy with the previously published results could 
also be due to variability caused by gene-environment 
interaction and natural differences between studies. 
Autosomal recessive disorders, such as rare or novel 
syndromes, can be caused by consanguineous marriages, 
and thus, it is vital to create awareness among the 
population on the dangers involved. Consanguinity in rural 
settings also offers various social gains, including 
increased female autonomy, better marriage stability, less 
domestic violence and violence, improved knowledge with 
the in-laws, and economic bene�ts, including reduced 
dowry payments, lower divorce rates, and land retention 
[21, 22]. Genetically, consanguinity arises from a reduced 
genetic diversity caused by a limited pool of close relatives. 
Given that more than 90% of the human genome is shared 
among individuals, the impact of consanguineous 
marriages on genomic sequencing is minimal. If two 
siblings have children, the resulting child will have fewer 
unique genetic contributions, increasing the likelihood of 
inheriting harmful recessive genes [23]. Offspring of 
consanguineous parents tend to have higher rates of 
homozygosity. Loss-of-function (LoF) mutations, which 
cause complete gene inactivation or malfunction, often 
occur in autozygous regions of the genome. Studying 
consanguineous offspring with speci�c clinical traits can 
help identify mutations responsible for diseases. However, 
most genes in the human genome are either unrelated to 
established disorders or have undiscovered roles, which is 
a major focus of extensive sequencing research. While 
many genes are associated with orofacial clefts, only a few 
are linked to well-de�ned cleft phenotypes [24]. 
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This study did not �nd a strong link between close family 

relationships or the mother taking folic acid during 

pregnancy and the occurrence of cleft lip and/or palate. 

Although many affected children were born to closely 

related parents and a lot of mothers didn‚Äôt take folic 

acid, these factors didn‚Äôt clearly increase the risk of 

CLP in this group. The lack of clear results could be 

because of a small sample size, how relationships were 

classi�ed, or other factors not considered. So, when 
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R E F E R E N C E S

interpreting these results, it's important to be careful, and 

larger, more detailed studies are needed to better 

understand the role of consanguinity and folic acid in CLP. 

Overall, the study shows that cleft lip and palate are 

i n � u e n c e d  b y  m a n y  fa c t o r s ,  b o t h  g e n e t i c  a n d 

environmental. It's important to address both inherited 

risks and other in�uences in preventing and managing this 

condition. Improving genetic counseling, increasing 

awareness about close family marriages, and encouraging 

folic acid use during pregnancy are key steps. More 

research is needed to understand the biological reasons 

behind CLP and to develop better ways to prevent and treat 

it.
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Contrast-induced nephropathy (CIN) is a widely occurring, although possibly preventable, 

complication after the use of iodinated contrast media. Objectives: To identify CIN incidence in 

patients who have undergone renal transplants and also to see the risk factors involved. 

Methods: The cross-sectional research was carried out at the Sindh Institute of Urology and 

Transplantation (SIUT), Karachi, within six months after ethical consent of the College of 

Physicians and Surgeons Pakistan (CPSP). The sample size was 174 renal transplant recipients 

(aged 18 years and above) with an estimated glomerular �ltration rate (eGFR) of over 20 ml/min, 

and these individuals were pre-exposed to 50 ml of iodinated contrast. Data analysis was done 

by use of SPSS version 25.0. Associations were evaluated using the chi-square test and 

multivariate logistic regression, with p≤0.005 being taken as statistically signi�cant. Results: 

The average age of the interviewees was 44.2 ± 11.6 years old. The mean serum creatinine 

increased to 1.76 ± 0.49 mg/dl at the end of the experiment and correspondingly decreased to 

55.6 ± 12.3 ml/min to 49.8 ± 13.1 ml/min. CIN appeared in 26 patients (14.9%). Its occurrence was 

much higher among those patients who had diabetes mellitus (23.8%, p=0.021) and 

hypertension (19.2%, p=0.045). On multivariate analysis, independent predictors of CIN were 

diabetes mellitus and contrast volume more than 100 ml (p<0.001). Conclusions: CIN is very 

prevalent among the post-renal transplant recipients. Higher contrast volume and diabetes 

mellitus are the best independent predictors.
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Contrast-induced nephropathy (CIN), also known as 
contrast-induced acute kidney injury (CI-AKI), is a major 
cause of iatrogenic kidney dysfunction, especially in 
individuals who have underlying kidney dysfunction, 
including renal transplant recipients. Even though 
iodinated contrast agents have signi�cantly improved 
diagnostic and interventional radiology, their usage is 
linked with the high likelihood of acute kidney injury, even 
when the kidney is transplanted and is thought to be in 
stable baseline performance [1, 2]. Kidney transplant 
recipients (KTRs) could be a unique population vulnerable 
to CIN since a combination of several factors can increase 
their vulnerability to the condition, such as dependence on 
one functioning kidney,  persistent  exposure to 
immunosuppressive agents, which can be nephrotoxic, 
and changes in renal hemodynamics [3]. There is some 

inconsistent evidence on contrast exposure in this 
population, though. Chotkan et al. showed that pre-
transplant contrast administration to deceased kidney 
donors did not have a signi�cant effect on the long-term 
graft survival, but transient impairment of early renal 
functioning was reported [1]. However, other reports have 
indicated quanti�able incidence of CIN after exposure to 
contrast in transplant patients, which demands close 
observation and preventive measures in this high-risk 
patient population [4, 5]. There is a wide range of reported 
incidence of CIN, with much of the variation being a result 
of heterogeneity in patient populations, diagnostic criteria, 
and preventive protocols. A huge meta-analysis found a 
combined worldwide incidence of 2-30 percent, with most 
of the cases found in persons who have already had 
dysfunction of the kidney [6]. There are no particular data 



on renal transplant groups, but argue in favor of a clinically 
important risk as potentially negative outcomes on graft 
functionality and patient outcome [7]. Pathophysiology of 
CIN comprises of renal vasoconstriction, medullary 
hypoxia, and direct tubular toxicity induced by oxidative 
stress and in�ammatory mechanisms [8]. Increase in 
molecular knowledge has led to possible preventive 
measures, such as optimized hydration, antioxidant 
therapy, and pharmacologic vasodilation, but CIN remains 
a clinical problem, especially in cases where contrast-
enhanced imaging is inevitable in transplant recipients [9]. 
The recent activities have been aimed at minimizing 
contrast-associated nephrotoxicity in the use of 
alternative imaging modalities and risk strati�cation. 
Contrast-enhanced ultrasound (CEUS) has become a safer 
imaging tool to assess kidney transplant complications 
without making use of the iodinated contrast media [4]. 
Also, recent recommendations by the American College of 
Radiology support the customized risk evaluation and 
preventive actions in case of necessity of contrast 
administration in patients with kidney disease [10].
Although there has been an increased awareness and 
preventive strategies developed, their use in daily clinical 
practice has been inconsistent. Timely intervention and 
early detection of the risk of CIN are thus important, 
especially in the transplant population. This study 
hypothesized that contrast-induced nephropathy events 
are clinically signi�cantly frequent in post-renal transplant 
recipients and that the risk of it is related to certain clinical 
factors, such as comorbidities and contrast volume. This 
study aimed to establish the occurrence of CIN and 
determine the predictors of CIN among post-renal 
transplant individuals who are exposed to contrast.

sampling method was used in the recruitment. Included 
were patients who had a history of renal transplant, whose 
estimated glomerular �ltration rate (eGFR) was stable (over 
20 ml/min/1.73 m 2 when calculated according to the CKD-
EPI equation), and had received at least 50 ml of 
intravenous iodinated contrast media during diagnostic or 
interventional procedures. Patients would not be included 
in the study if they had any dialysis within the previous week 
before contrast exposure, had suffered an acute rejection 
episode within the past week, were on inotropic or 
ventilatory support, or were undergoing acute rejection or 
active infection at the time of contrast. Age, gender, 
medical record number, education level, residence, and 
monthly income were all collected by use of a pre-designed 
proforma. Body mass index (BMI) was calculated by dividing 
the weight of a person in kilograms by height in meters 
squared, and anthropometric measurements were taken 
with the help of a calibrated digital weighing scale and a 
standard height chart. The time taken after renal 
transplantation and comorbid conditions like diabetes 
mellitus, hypertension, obesity, anemia, coronary artery 
disease, congestive heart failure, and smoking status were 
recorded and con�rmed with the help of medical records. 
The kind of contrast media used and the amount of the 
media used were noted in relation to each participant. 
Baseline (day 1) and repeated (72-96 hours, day 4) serum 
creatinine were determined after exposure to the contrast. 
The level of hemoglobin and HbA1c was also recorded. All 
laboratory values were recorded by the investigator with 
the help of an estimation of glomerular �ltration rate 
before and after contrast exposure. The de�nition of 
contrast-induced nephropathy was a 25% increase in 
serum creatinine relative to baseline during 72-96 hours of 
exposure to contrast without any other known etiologies of 
acute kidney injury.
The Statistical Package of Social Sciences (SPSS) version 
25.0 was used in the analysis of the data. Mean and 
standard deviation were used to represent quantitative 
variables, whereas frequencies and percentages were 
used to represent qualitative variables. They strati�ed to 
adjust for potential effect modi�ers, including age, gender, 
BMI categories, socioeconomic variables, and comorbid 
conditions. Categorical variables were compared using the 
chi-square test, and those variables that were statistically 
signi�cant on univariate analysis were included in a 
multivariate logistic regression model to determine 
independent predictors of CIN. The p-value of less than 
0.005 was taken to have been statistically signi�cant.
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M E T H O D S

The study is cross-sectional research done with a group of 
patients visiting the outpatient and inpatient department 
of the Transplant Unit of the Sindh Institute of Urology and 
Transplantation (SIUT), Karachi, between 6 months of 
August 2025 and January 2026. The research began 
following ethical consent of the College of Physicians and 
Surgeons Pakistan (CPSP) (CPSP/REU/NEP-2023-198-
1082; dated 28th June 2025) and permission of its Research 
Evaluation Unit (REU) (IRB approval number: SIUT-ERC-
2025/A-563; dated 22nd May 2025). All participants had 
given informed consent in written form before enrolling. 
The sample size was estimated with the help of the Open 
Epi software, whose assumptions were based on the 
predicted incidence of a contrast-induced nephropathy 
(CIN) of 13 percent in post-renal transplant recipients, 
according to Abu Jawdeh et al. [11]. The sample size of 174 
was determined by using a 95% con�dence interval and a 5 
percent margin of error. A non-probability consecutive 

The �nal analysis had 174 post-renal transplant recipients 
who received contrast-enhanced imaging. Continuous 
variables were described in terms of mean ± standard 
deviation; this was done by ensuring that there was 
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Table 1: Baseline Demographic, Anthropometric, and Renal 

Function Characteristics of Post–Renal Transplant Recipients 

(n=174)

Variables Mean ± SD / n (%)

44.2 ± 11.6

112 (64.4%) / 62 (35.6%)

25.7 ± 3.9

38.5 ± 22.4

1.48 ± 0.37

1.76 ± 0.49

55.6 ± 12.3

49.8 ± 13.1

92.6 ± 21.8

Age (years)

Gender (Male/Female)

BMI (kg/m²)

Duration Since Transplantation (months)

Baseline Serum Creatinine (mg/dl)

Post-Contrast Serum Creatinine (mg/dl)

Baseline eGFR (ml/min)

Post-contrast eGFR (ml/min)

Contrast Volume (ml)

The study gives the prevalence of comorbid conditions in 
the study population. The most common comorbidities 
included hypertension and diabetes mellitus (Table 2).

approximate normality, and categorical variables were 
stated in terms of frequencies and percentages. 
Categorical variable associations were evaluated with the 
Chi-square test, and continuous variable comparisons 
across groups were evaluated with independent-sample 
tests in situations where normality and homogeneity of 
variance conditions were satis�ed. This study provides a 
summary of the baseline demographic, anthropometric, 
and renal function traits of the participants in the study. 
The average age of the participants was 44.211.6 (19-70 
years). 112 (64.4%) of the cohort were males. The average 
serum creatinine was raised to 1.76 ± 0.49 mg/dl at 72-96 
hours after contrast exposure, and the mean eGFR was 
reduced to 49.8 ± 13.1 ml/min/1.73 m2. The volume of 
contrast that was administered was 92.6 ± 21.8 ml (Table 1).

incidence of CIN when compared to non-hypertensive 
patients (19.2% vs. 10.2; p=0.045). There was a signi�cantly 
greater incidence of CIN in patients who were given a 
contrast volume more than 100 ml (26.1% vs. 9.8; p=0.008). 
Statistically signi�cant correlation between CIN and 
gender/BMI category was not found (Table 3).

Table 2: Frequency of Comorbid Conditions among Post–Renal 

Transplant Recipients (n=174)

Comorbidity n (%)

78 (44.8%)

63 (36.2%)

24 (13.8%)

16 (9.2%)

10 (5.7%)

27 (15.5%)

Hypertension

Diabetes Mellitus

Anemia

Coronary Artery Disease

Congestive Heart Failure

Smoking

A 25% increase in serum creatinine levels compared to 
baseline (contrast-induced nephropathy, CIN) was noted in 
26 patients (14.9%), 72 to 96 hours after the exposure to 
contrast. Within a week, renal function came back to 
normal in 22 of them (84.6%). None of the patients needed 
renal replacement therapy, and it was considered to be an 
observed clinical outcome in the course of follow-up. The 
results demonstrate the correlation between CIN and the 
possible risk variables. The prevalence of CIN was much 
higher among diabetes mellitus patients than among non-
diabetic patients (23.8% vs. 9.8%; p=0.021). Similarly, 
hypertensive patients were found to have a greater 

Table 3: Association of Contrast-Induced Nephropathy with 

Demographic and Clinical Risk Factors

Variables
Total

(n)
CIN Present,

n (%)
CIN Absent,

n (%)
p-

value

Male

Female

Diabetes Mellitus

Hypertension

Contrast Volume >100 ml

BMI >25 kg/m²

94 (83.9%)

54 (87.1%)

48 (76.2%)

63 (80.8%)

51 (73.9%)

85 (86.7%)

18 (16.1%)

8 (12.9%)

15 (23.8%)

15 (19.2%)

18 (26.1%)

13 (13.3%)

0.570

0.021*

0.045*

0.008*

0.310

112

62

63

78

69

98

*p≤0.005 is considered statistically signi�cant

The study provides a comparison of the continuous 
variables in the patients who succumbed to CIN and those 
who did not. CIN patients possessed much higher post-
contrast serum creatinine values and were administered 
much more contrast media. There was no statistically 
signi�cant difference in the age, BMI, or baseline serum 
creatinine between the two groups. In the multivariate 
logistic regression analysis, diabetes mellitus and contrast 
volume over 100 ml were independent predictors of CIN 
(p<0.001) (Table 4).

Table 4: Comparison of Continuous Variables Between CIN and 

Non-CIN Groups

Variables
p-

value
CIN Present (n=
26), Mean ± SD

CIN Absent (n=
148), Mean ± SD

43.8 ± 11.5

25.6 ± 3.8

1.47 ± 0.36

1.71 ± 0.45

46.5 ± 12.3

26.2 ± 4.1

1.56 ± 0.39

2.02 ± 0.41

Age (years)

BMI (kg/m²)

Baseline Serum Creatinine
(mg/dl)

Post-contrast
Serum Creatinine (mg/dl)

0.290

0.480

0.330

0.001*

90.7 ± 22.1103.1 ± 18.5Contrast Volume (ml) 0.008*

The current paper assessed this incidence and the 
determinants of contrast-induced nephropathy (CIN) in 
post-renal transplant patients receiving contrast-
enhanced imaging and showed the overall incidence of 
14.9%. This observation is in line with already established 
rates in transplant populations and supports the increased 
vulnerability of renal allografts to contrast-related renal 
injury despite the increased safety of imaging methods and 
preventive measures. Contrast-enhanced imaging 
continues to play a vital role in post-transplant care, 
especially in evaluating vascular patency, graft perfusion, 
and post-operative complications. Nevertheless, the 
problem of the safety of iodinated contrast agents in such a 

*p≤0.005 is considered statistically signi�cant
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c r e a t i n i n e  i n  c a s e s  o f  i n t r a - a r t e r i a l  c o n t r a s t 
administration without irreversible graft dysfunction [17], 
which were observed to match current �ndings that 84.6% 
of patients returned to baseline renal functioning within 
one week. Image practices quality assurance is also of 
great essence. Research by Roohi et al. Taher et al. and 
Owusu-Banahene et al. have demonstrated that improper 
use of imaging and repeat exposure are some of the 
reasons leading to avoidable radiation and contrast 
utilization [18–20]. The application of standardized imaging 
protocols and personnel education in the transplant 
radiology ser vices can further help to decrease 
preventable cases of CIN.
There are some limitations of this study. It has a cross-
sectional design that restricts causal determination 
between observed risk factors and the development of CIN. 
It was based on serum creatinine-based de�nitions 
without any additions of early kidney injury biomarkers, 
which could not have given an accurate picture of 
subclinical renal injury. Also, the study was carried out in 
one center, and this might limit the extrapolation of the 
research to other transplant populations that have 
different clinical practices.

high-risk population remains a signi�cant issue. Fernández 
et al.  stressed that modern contrast agents are 
comparatively safer, but the renal transplant patients are 
still at risk because of low renal reserve and due to the 
exposure to nephrotoxic immunosuppressive agents [12]. 
This issue can be justi�ed by the baseline and renal 
function alterations that were experienced by our cohort, 
where the decrease in renal functioning was measurably 
observed after the exposure to contrast. Recent studies 
have also paid more attention to the early diagnosis of CIN 
by other types of biochemical markers. Zywno et al. have 
mentioned the importance of biomarkers like neutrophil 
gelatinase-associated lipocalin (NGAL), cystatin C, and 
interleukin-18 that can identify the presence of acute 
kidney injury earlier than serum creatinine [13]. In the 
present case, even though the serum creatinine-based 
de�nitions were applied, the temporary rise of creatinine 
levels in the vast majority of affected patients indicates 
that the introduction of new biomarkers into the post-
contrast monitoring regimens can enable the timely 
detection and treatment of transplant recipients. The 
strati�cation of risks and personal contrast control is 
highly promoted in modern guidelines. In a collaborative 
statement of the Polish Society of Nephrology and 
Radiology, Chmielewski et al. suggested risk evaluation and 
cautious contrast application in patients with defective 
renal function should be personalized [14]. These 
recommendations are consistent with our �ndings, with 
diabetes mellitus, hypertension, and greater contrast 
volume being signi�cantly related to CIN, and diabetes 
mellitus and contrast volume >100 ml continuing to be 
independent predictors on multivariate analysis. Other 
imaging modalities are also being considered as a way of 
minimizing contrast-induced nephrotoxicity in patients 
who have undergone renal transplants. David et al. proved 
that contrast-enhanced ultrasound (CEUS) provides better 
evaluation of graft perfusion, and no patients are exposed 
to iodinated contrast agents [15]. Further implementation 
of CEUS in the follow-up of routine transplantation would 
have the potential to decrease the incidence of CIN among 
this at-risk group. Preventative measures remain critical in 
reducing the risk of CIN. Kellum focused on the fact that 
acute kidney injury, such as CIN, can be prevented in most 
cases by proper hydration, careful use of contrast doses, 
and close observation after the procedure [16]. The lack of 
dialysis-inducing CIN in our cohort refers to the e�ciency 
of such preventive interventions and indicates that the 
contrast-related renal damage in transplant patients is 
often mild and reversible if the relevant precautions are 
taken. The incidence of CIN that was observed during our 
study is very similar to that of the study by Abu Jawdeh et al. 
who described the incidence of CIN at around 13% in their 
study population of post-transplant patients [11]. Likewise, 
Fananapazir et al. reported temporary elevations of serum 

To sum up, it was found that contrast-induced nephropathy 

was present in 14.9% of those who have undergone post-

renal transplant, which proves that the incidence of CIN is 

clinically signi�cant in this group. The best independent 

predictors of CIN were diabetes mellitus and increased 

contrast volume. These �ndings highlighted the necessity 

of personalized risk evaluation, the reduction of contrasts, 

and the need to consider other imaging modalities in order 

to maintain long-term graft function in recipients of renal 

transplants despite mildly adverse cases.
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The Schneiderian membrane plays a critical role in maxillary sinus health and implant planning. 

Although odontogenic and periodontal factors are known to in�uence membrane thickening, 

the role of the gingival phenotype remains unclear. Objectives: To evaluate the relationship 

between gingival biotype, gingival thickness, and Schneiderian membrane thickness and 

pathology using cone-beam computed tomography (CBCT). Methods: This analytical cross-

sectional study included 96 CBCT scans obtained from Altamash Institute of Dental Medicine, 

Karachi. Gingival thickness was measured radiographically and classi�ed as thin or thick 

biotype. Schneiderian membrane thickness was measured at corresponding posterior 

maxillary sites and categorized as normal (≤2 mm) or thickened (>2 mm). Sinus pathology was 

recorded. Independent-samples t-test, chi-square test, and Pearson correlation were applied 

(p<0.005). Results: Mean gingival thickness was 1.06 ± 0.18 mm, and mean membrane thickness 

was 2.23 ± 0.85 mm. Membrane thickening was observed in 61.5% of cases, while sinus 

pathology was present in 29.2%. No signi�cant difference in membrane thickness was found 

between thin and thick biotypes (mean difference = 0.22 mm; p=0.203). Gingival biotype was not 

associated with membrane category (p=0.340) or sinus pathology (p=0.107). Gingival thickness 

showed a weak, non-signi�cant correlation with membrane thickness (r = 0.084; p=0.416). 

Conclusions: Gingival phenotype was not signi�cantly associated with Schneiderian 

membrane thickness or pathology. Sinus membrane alterations appear to be in�uenced 

predominantly by anatomical and odontogenic factors.
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The maxillary sinus is lined by the Schneiderian membrane, 
a specialized pseudostrati�ed ciliated respiratory 
epithelium that plays a critical role in sinus physiology and 
mucociliary clearance. The thickness and integrity of this 
membrane are clinically important during sinus lift 
procedures, implant placement, and other surgical 
inter ventions involving the posterior maxilla [1]. 
Alterations in Schneiderian membrane thickness have 
been associated with odontogenic infections, periodontal 
disease, anatomical variations, and in�ammatory 
processes, which may compromise surgical outcomes and 
implant success [2, 3]. Cone-beam computed tomography 

(CBCT) has emerged as a reliable three-dimensional 
imaging modality for evaluating maxillary sinus anatomy 
and pathology. Compared with conventional radiography, 
CBCT allows accurate measurement of sinus membrane 
thickness and identi�cation of incidental �ndings such as 
mucosal thickening, retention cysts, and polypoid changes 
[4]. Recent CBCT-based studies have reported a high 
prevalence of incidental sinus �ndings in asymptomatic 
dental patients, with mucosal thickening being the most 
common radiographic presentation. These �ndings 
highlight the importance of understanding the factors 
in�uencing Schneiderian membrane alterations [5, 6]. 



Several odontogenic and periodontal factors, including 
periapical lesions, periodontal bone loss, and proximity of 
posterior teeth to the sinus �oor, have been implicated in 
sinus membrane thickening. Emerging evidence suggests 
that periodontal soft-tissue phenotype, particularly 
gingival biotype and gingival thickness, may re�ect 
underlying tissue morphology and in�ammator y 
susceptibility, potentially in�uencing adjacent sinus 
mucosa [7, 8]. Thin gingival phenotype has been associated 
with reduced tissue resilience and increased vulnerability 
to in�ammation, while the thick phenotype is generally 
c o n s i d e r e d  m o r e  r e s i s t a n t  t o  m e c h a n i c a l  a n d 
in�ammatory challenges [9]. However, the relationship 
between gingival phenotype and Schneiderian membrane 
thickness remains controversial. Some CBCT-based 
investigations have reported positive correlations 
between thin gingival biotype and increased sinus 
membrane thickness, whereas others have found weak or 
non-signi�cant associations. Differences in measurement 
techniques, biotype classi�cation criteria, anatomical 
reference points, and population characteristics 
contribute to these inconsistencies. Moreover, most 
available evidence originates from non-South Asian 
populations, limiting the generalizability of �ndings to 
Pakistani dental patients, where periodontal disease 
burden and sinus pathology prevalence may differ.
Despite increasing interest in periodontal phenotype as a 
potential predictor of sinus membrane alterations, there 
remains a lack of standardized CBCT-based research 
evaluating this relationship within the Pakistani 
population. Fur thermore, existing studies often 
demonstrate methodological heterogeneity, small sample 
sizes, and inconsistent operational de�nitions for 
membrane thickening. The objective was to determine 
whether gingival phenotype independently in�uences 
sinus mucosal thickness or whether Schneiderian 
membrane changes are primarily governed by broader 
anatomical and odontogenic determinants. By addressing 
this gap, the study seeks to contribute region-speci�c 
evidence to improve preoperative assessment and clinical 
decision-making in implant dentistry and sinus-related 
procedures. This study aimed to evaluate, using 
standardized CBCT measurements, the relationship 
between gingival biotype, gingival thickness, and 
Schneiderian membrane thickness and pathology in a 
Pakistani dental population. 

thickness, and Schneiderian membrane thickness and 
pathology. Ethical approval was obtained from the 
Research Ethics and Review Committee of Altamash 
Institute of Dental Medicine (ERC Code: AIDM/ERC/06/ 
2024/02; dated 6th June 2024). The study adhered to the 
Declaration of Helsinki. As archived CBCT scans were used, 
patient  con�dential ity  was maintained through 
anonymization and removal of personal identi�ers before 
analysis. Sample size was calculated using Fisher's Z 
transformation formula for correlation studies. Assuming a 
two-sided alpha of 0.05, a power of 80%, and an anticipated 
correlation coe�cient of 0.30 based on previous 
radiographic periodontal sinus studies [9], the minimum 
required sample was 85. After adding a 10% margin for 
incomplete scans and exclusions, a total of 96 CBCT scans 
were included. A non-probability consecutive sampling 
technique was employed, and eligible scans were selected 
from the institutional radiology archive based on 
prede�ned inclusion and exclusion criteria. Inclusion 
criteria comprised patients aged 15 years and above, scans 
demonstrating adequate visualization of the posterior 
maxillary region and maxillary sinus, at least one 
measurable premolar or molar site, and diagnostic image 
quality with minimal artifacts. Exclusion criteria included 
previous maxillary sinus surgery or trauma, extensive sinus 
pathology obscuring standardized measurement sites, 
severe CBCT artifacts affecting anatomical landmarks, and 
the presence of maxillofacial tumors or conditions that 
could alter gingival architecture. Written informed consent 
was taken. All CBCT scans were acquired using the 
Planmeca ProMax 3D Mid system (Planmeca Oy, Helsinki, 
Finland), operating at 90 kVp and 10 mA, with a voxel size of 
0.2 mm and a �eld of view of 8×8 cm, following standardized 
institutional imaging protocols. Digital Imaging and 
Communications in Medicine (DICOM) �les were analyzed 
using calibrated radiographic software equipped with 
linear measurement tools. All measurements were 
performed under standardized viewing conditions to 
ensure consistency. A structured data collection proforma 
was speci�cally designed for this study after a literature 
review and expert consultation in oral radiology and 
periodontology [10]. The proforma included demographic 
variables (age and gender), gingival thickness, gingival 
biotype, Schneiderian membrane thickness, membrane 
category, sinus pathology (presence and type), and 
anatomical location (premolar or molar region). No 
previously validated questionnaire was used, as data were 
extracted directly from radiographic measurements. 
Gingival thickness was measured in millimeters at the mid-
buccal aspect of the posterior maxillary region on cross-
sectional CBCT slices at a standardized reference point. 
Gingival biotype was categorized as thin or thick based on 
radiographically measured gingival thickness using a 
prede�ned threshold. Schneiderian membrane thickness 
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This analytical cross-sectional study was conducted at the 
Altamash Institute of Dental Medicine, Karachi, Pakistan, 
from 6th June 2024 to December 2024, using archived 
cone-beam computed tomography (CBCT) records to 
evaluate the relationship between gingival biotype, gingival 
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was measured perpendicular to the bony sinus �oor at the 
point of maximum mucosal thickness corresponding to the 
evaluated site. Measurements were strati�ed according to 
premolar and molar regions. Membrane thickness was 
categorized as normal (≤2 mm) and thickened (>2 mm). This 
operational cut-off was adopted based on previously 
established CBCT diagnostic thresholds for sinus mucosal 
thickening reported in the literature [11]. Sinus pathology 
was recorded as present or absent, and when present, 
classi�ed as retention cyst, polypoid mucosal change, or 
diffuse mucosal thickening based on CBCT morphology. To 
ensure measurement reliability, examiner calibration was 
conducted before data extraction. Approximately 10–15% 
of scans were reassessed to determine intra-observer 
reliability, and an independent assessor evaluated a subset 
for inter-observer reliability. Intraclass correlation 
coe�cient (ICC) was calculated for continuous variables, 
including gingival thickness and Schneiderian membrane 
thickness. All eligible scans were assigned unique study 
identi�cation numbers. Data were entered into a 
computerized database and veri�ed through random 
cross-checking. 
Statistical analysis was performed using SPSS version 
25.0. Continuous variables were expressed as mean ± 
standard deviation, while categorical variables were 
presented as frequencies and percentages. Normality was 
a ss e ss e d  u s i n g  h i sto g ra m s ,  Q - Q  p l ot s ,  a n d  t h e 
Shapiro–Wilk test. Since variables were normally 
distributed (p>0.005), parametric tests were applied. An 
independent-samples t-test was used to compare mean 
membrane thickness between gingival biotypes. Chi-
square test was used to assess associations between 
gingival biotype and membrane category as well as sinus 
pathology. Pearson correlation coe�cient (r) was 
calculated to evaluate the relationship between gingival 
thickness and Schneiderian membrane thickness. 
Statistical signi�cance was set at p<0.005.
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Participant demographics and scan characteristics are 
summarized. A total of 96 participants were included, with 
a mean age of 36.92 ± 13.59 years. Females comprised 50 
(52.1%) and males 46 (47.9%). CBCT measurements were 
equally distributed between the left and right sides. The 
majority of measurements were recorded in the molar 
region (66.7%). Periodontal status showed a relatively 
balanced distribution, with 31.3% healthy, 35.4% gingivitis, 
and 33.3% periodontitis cases (Table 1).

R E S U L T S

Table 1: Baseline Characteristics of the Study Participants (n=96)

Variables Overall (n=96), n (%)

Mean ± SD 36.92 ± 13.59

Age (Years)

Female

Male

Left

Right

Molar

Premolar

Healthy

Gingivitis

Periodontitis

50 (52.1%)

46 (47.9%)

48 (50.0%)

48 (50.0%)

64 (66.7%)

32 (33.3%)

30 (31.3%)

34 (35.4%)

32 (33.3%)

Gender

Side Examined

Region Measured

Periodontal Status

Gingival phenotype �ndings are presented. A slight 
predominance of thin gingival biotype (52.1%) was 
observed compared to thick biotype (47.9%). The mean 
gingival thickness was 1.06 ± 0.18 mm, ranging from 0.72 to 
1.44 mm. Mean gingival thickness was comparable 
between thin (1.05 ± 0.19 mm) and thick (1.07 ± 0.17 mm) 
biotypes (Table 2).

Table 2: Gingival Biotype and Gingival Thickness (n=96)

Variables n (%) / Mean ± SD

Thin

Thick

Gingival thickness (mm)

Gingival thickness (mm), min–max

Thin biotype

Thick biotype

50 (52.1%)

46 (47.9%)

1.06 ± 0.18

0.72 – 1.44

1.05 ± 0.19

1.07 ± 0.17

Gingival Biotype

Gingival Thickness by Biotype (mm)

Schneiderian membrane characteristics are shown. The 
mean membrane thickness was 2.23 ± 0.85 mm (range 
0.33–3.99 mm). Membrane thickening (>2 mm) was 
observed in 61.5% of cases. Sinus pathology was identi�ed 
in 29.2% of participants, with diffuse mucosal thickening 
being the most frequent �nding. Membrane thickness was 
greater in the molar region (2.48 ± 0.81 mm) compared to 
the premolar region (1.85 ± 0.77 mm) (Table 3).

Table 3: Schneiderian Membrane Characteristics (n=96)

Variables n (%) / Mean ± SD

Membrane Thickness (mm)

Membrane Thickness (mm), min–max

Normal (≤2 mm)

Thickened (>2 mm)

Retention Cyst

Polypoid Mucosal Change

Yes

No

Membrane Category

Sinus Pathology

Pathology Type

2.23 ± 0.85

0.33 – 3.99

37 (38.5%)

59 (61.5%)

28 (29.2%)

68 (70.8%)

10 (10.4%)

6 (6.3%)
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concluding that anatomical and odontogenic factors may 
play a more dominant role [13]. Likewise, Diaz et al. in a 
systematic review, highlighted substantial methodological 
heterogeneity across studies, l imiting de�nitive 
conclusions regarding the impact of periodontal 
phenotype on Schneiderian membrane thickness [10]. In 
contrast, some studies have reported positive correlations 
between thin gingival phenotype and increased membrane 
thickness. For example, Javed et al. demonstrated a 
statistically signi�cant association in a Pakistani cohort 
[14]. However, the discrepancy between their �ndings and 
ours may be attributed to differences in biotype 
classi�cation criteria, radiographic measurement 
landmarks, regional sampling, and variation in periodontal 
disease severity among study populations. Another 
important �nding of our study was the signi�cantly greater 
membrane thickness observed in the molar region 
compared to the premolar region. This supports the 
concept that posterior maxillary teeth, particularly molars, 
exert a stronger odontogenic in�uence on sinus mucosa 
due to their anatomical proximity to the sinus �oor. 
Sökmen and Sökmen similarly reported that root proximity 
and periodontal parameters signi�cantly in�uenced 
Schneiderian membrane thickness [15]. Saquib et al. also 
emphasized that regional anatomical variations and lateral 
sinus wall thickness contribute substantially to mucosal 
thickness variability  [16]. Although the gingival phenotype 
did not demonstrate a signi�cant association, sinus 
membrane thickening and incidental sinus pathology were 
frequently observed in our study. Membrane thickening (>2 
mm) was present in 61.5% of cases, while sinus pathology 
was identi�ed in 29.2%. These �ndings are comparable 
with regional CBCT prevalence studies [17]. İspir et al. 
reported mucosal thickening and retention cysts as 
common incidental �ndings in the asymptomatic dental 
population [17]. Similarly, Madfa et al. observed that 
radiographic mucosal thickening on CBCT does not 
necessarily indicate clinically signi�cant sinus disease 
[18]. Existing literature also suggests that periodontal 
bone loss and periapical pathology are more strongly 
associated with sinus membrane thickening than with the 
gingival phenotype. Eksi and Seker demonstrated a 
signi�cant association between the severity of periodontal 
bone loss and Schneiderian membrane thickness [19]. 
while AlRowis et al. reported a strong correlation between 
periodontitis and maxillary sinus changes on CBCT [20]. 
These �ndings reinforce our observation that sinus 
membrane alterations are multifactorial and may be more 
closely related to in�ammatory and anatomical factors 
than to isolated soft-tissue phenotype. Clinically, this 
study's results suggest that CBCT-detected Schneiderian 
membrane thickening should be interpreted within a 
broader anatomical and odontogenic context rather than 
relying solely on gingival phenotype assessment. This has 

The present CBCT-based cross-sectional  study 
demonstrated that the gingival  biotype was not 
signi�cantly associated with Schneiderian membrane 
thickness. Furthermore, gingival thickness showed only a 
weak and non-signi�cant correlation with membrane 
thickness (r = 0.084; p=0.416). These �ndings suggest that 
sinus mucosal alterations are likely in�uenced by 
multifactorial anatomical and odontogenic determinants 
rather than the gingival phenotype alone [12]. This study 
�ndings are consistent with previous CBCT-based 
investigations reporting weak or non-reproducible 
associations between periodontal phenotype and sinus 
membrane thickness. De Souza Fernandes et al. similarly 
observed only a minimal association between gingival 
biotype and maxillary sinus membrane thickness, 
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Diffuse Mucosal Thickening

Premolar Region

Molar Region

Membrane Thickness by Location (mm)

12 (12.5%)

1.85 ± 0.77

2.48 ± 0.81

Comparison of Schneiderian membrane �ndings between 
gingival biotypes is presented. Mean membrane thickness 
did not differ signi�cantly between thin and thick biotypes 
(2.34 ± 0.72 mm vs 2.12 ± 0.97 mm). The mean difference 
was 0.22 mm (95% CI: −0.12 to 0.56; t (94) = 1.28; p=0.203). 
The effect size was small (Cohen's d = 0.26). Gingival biotype 
was not signi�cantly associated with membrane category 
χ( ² (1) = 0.91, p=0.340; Cramer's V = 0.097). Similarly, no 

signi�cant association was observed between gingival 
χbiotype and sinus pathology ( ² (1) = 2.59, p=0.107; Cramer's 

V = 0.164) (Table 4).

Table 4: Comparison of Schneiderian Membrane Findings 

Between Gingival Biotypes (n=96)

Thin (n=50) Thick (n=46) p-valueOutcomes

Membrane Thickness (mm),
Mean ± SD

Normal

Thickened

Yes

No

2.34 ± 0.72

17 (34.0)

33 (66.0)

11 (22.0)

39 (78.0)

2.12 ± 0.97

20 (43.5)

26 (56.5)

17 (37.0)

29 (63.0)

0.203

0.340

0.107

Membrane Category, n (%)

Sinus Pathology, n (%)

Correlation analysis between gingival thickness and 
Schneiderian membrane thickness is presented. Pearson 
correlation demonstrated a weak, non-signi�cant 
association (r = 0.084; 95% CI: −0.118 to 0.278; p=0.416) 
(Table 5).

Table 5:  Correlation Between Gingival  Thickness and 

Schneiderian Membrane Thickness (n=96)

p-valueVariable Pearson's r 95% CI

−0.118 to 0.278 0.416
Gingival thickness vs membrane

thickness
0.084
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particular relevance in sinus lift planning and implant 
placement in the posterior maxilla, where accurate risk 
strati�cation is essential.
Current study has certain limitations. First, its cross-
sectional design precludes causal inference. Second, 
variables such as periapical status, smoking history, sinus 
ostium patency, and detailed periodontal bone loss 
measurements were not included, which may act as 
p o te n t i a l  c o n fo u n d e r s .  T h i rd,  g i n g i va l  b i o t y p e 
classi�cation was based on radiographic measurement 
rather than clinical translucency assessment. Future 
multicenter longitudinal studies with larger samples 
incorporating detai led periodontal  parameters, 
anatomical sinus variations, and additional in�ammatory 
markers are recommended to better elucidate the 
independent role of gingival phenotype in sinus membrane 
alterations. Standardization of CBCT measurement 
protocols and biotype classi�cation criteria would further 
enhance comparability across studies.

In this CBCT-based study of 96 participants, gingival 

biotype and gingival thickness were not signi�cantly 

associated with Schneiderian membrane thickness. Sinus 

membrane thickening and incidental sinus pathology were 

common, particularly in the molar region, suggesting a 

stronger in�uence of anatomical and odontogenic factors 

than gingival phenotype alone. These �ndings emphasize 

the impor tance of  comprehensive radiographic 

assessment in implant and sinus-related procedures.
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Menstrual abnormalities continue to be a problematic consequence of tubal ligation, despite 

con�icting results from pertinent studies. Menorrhagia, metrorrhagia, polymenorrhagia, and 

dysmenorrhea are common disorders that may require a hysterectomy. Objective: To ascertain 

how frequently women who had tubal ligation experienced irregular menstruation. Methods: 

The Department of Obstetrics and Gynecology at Government Maula Baksh Hospital in Sargodha 

carried out this descriptive cross-sectional study between August 1, 2023, and January 31, 

2024. Ethical approval for this study was obtained from the Research Evaluation Unit, CPSP 

(Reference No. CPSP/REU/OBG-2020-147-10091; dated 1st August 2023). Using non-probability 

consecutive sampling, 303 women between the ages of 20 and 40 who were having tubal ligation 

were included. Women with gynecological conditions (polycystic ovarian syndrome, 

endometriosis, adenomyosis, �broid uterus), diabetes mellitus, hypertension, thyroid or 

cardiovascular disorders, or thyroid dysfunction were excluded. Tubal ligation was performed 

by a consultant gynecologist using the standard method. Patients were followed 6 months post-

ligation, with menstrual irregularities self-reported via a specially designed proforma and 

clinically validated through menstrual diaries where possible. Results: This study found 

oligomenorrhea in 83 (27.4%), abnormal uterine bleeding in 61 (20.1%), dysmenorrhea in 55 

(18.2%), and polymenorrhea in 37 (12.2%) post-TL. Conclusion: Oligomenorrhea is the most 

common menstrual irregularity post-tubal ligation, followed by abnormal uterine bleeding.
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A l t h o u g h  m a n y  o p t i o n s  e x i s t  fo r  p o s t p a r t u m 
contraception, tubal sterilization/ligation remains one of 
the most widely used techniques globally, particularly 
among women who have had two or more children [1]. 
Women may seek reversal for reasons such as child loss or 
remarriage [2]. Approximately 30% of women completing 
family planning opt for tubal ligation as a safe, e�cient, 
permanent fertility control method [3]. In the 1960s in the 
United States, female sterilization was primarily for 

medical reasons (e.g., risky subsequent pregnancies). 
Many centers used a formula requiring that age multiplied 
by parity ≥120 for elective sterilization, which was endorsed 
b y  t h e  A m e r i c a n  C o l l e g e  o f  O b s t e t r i c i a n s  a n d 
Gynecologists until 1969 [4, 5]. Annually, about 700,000 
bilateral tubal procedures occur in the US, half of which are 
postpartum and half are interval operations [6]. Family 
planning considers desired children, timing, and 
contraception for sexually active individuals [7]. 



Preconception counseling, STI prevention and treatment, 
sexuality education, and infertility management are all 
included [3]. The average menstrual cycle is 21–35 days 
long, with 25–80 mL of �ow volume and 7 days of bleeding 
[8,  9].  Menorrhagia must be distinguished from 
polymenorrhea (less than 21-day intervals), metrorrhagia 
(irregular �ow), menometrorrhagia (frequent excessive 
�ow), and dysfunctional uterine bleeding (abnormal 
bleeding without pathology) [9]. Due to expenses and the 
aim to preserve the uterus, treatment has changed from 
surgical to conservative [10]. Treatment approaches and 
result measurement are complicated by the subjective 
de�nition of severe menstrual bleeding [11]. Despite the 
procedure's safety, there is a dispute regarding post-tubal 
sterilization syndrome, which includes vaginal bleeding 
[12]. Research on changes in ovarian reserve after 
sterilization has yielded con�icting results [13]. One 
troublesome side effect of tubal ligation (TL) is menstrual 
disruptions, which may be caused by hormonal alterations, 
altered gonadotropin signaling, and reduced follicular 
growth as a result of a disrupted ovarian blood supply [14]. 
Menstrual disturbances are a problematic effect of tubal 
ligation (TL), potentially due to disrupted ovarian blood 
supply leading to impaired follicular growth, altered 
gonadotropin signaling, and hormonal changes [14]. 
There is a dearth of evidence on menstrual abnormalities 
after tubal ligation (TL), especially in local communities 
where the procedure is widely practiced, leaving a 
knowledge gap in evidence-based counseling and 
reproductive health over the long term. Irregular 
menstruation following TL poses a clinical problem as it 
impacts physical, mental, and reproductive health, quality 
of life, and increases medical needs. The study aimed to 
assess post-TL menstrual changes and use them to inform 
counseling on the advantages/disadvantages. Irregular 
menstruation impacts physical, mental, and reproductive 
health, quality of life, and medical needs. The knowledge of 
the effects of TL can support informed decision-making, 
counseling, and care. It recognizes the risk factors and 
correlations and provides evidence-based practices, 
which will enhance knowledge in long-term reproductive 
health in areas where TL occurs frequently.

sampling, 303 women between the ages of 20 and 40 who 
were having tubal ligation and had at least three regular 
cycles before the procedure were included. The formula n = 
Z² p(1-p)/e² was used to determine the sample size. Z=1.96 
for 95% con�dence, p=0.269 and e=0.05 (margin of error) 
yielded n≈99. Women with gynecological conditions 
( p o l y c ys t i c  o v a r i a n  sy n d r o m e ,  e n d o m e t r i o s i s , 
adenomyosis, �broid uterus), chronic conditions (diabetes 
mellitus, hypertension, thyroid, cardiovascular), or thyroid 
dysfunction were not included. A consultant gynecologist 
used the conventional technique to conduct tubal ligation. 
After ligation, patients were monitored for six months. 
When possible, menstruation diaries were used to validate 
the self-reported monthly irregularities on a speci�cally 
created proforma. Monthly clinic visits or phone calls were 
used to guarantee compliance, and there were no losses to 
monitor. Every piece of information was noted on the 
proforma. A structured, pre-tested Menstrual Disorder 
Assessment Questionnaire (MDAQ), modi�ed from the 
Menstrual Disorder Questionnaire (MDQ), was used to 
evaluate menstrual irregularities. Menstrual cycle length, 
bleeding duration, �ow pattern, and related symptoms, 
including dysmenorrhea and polymenorrhea, were all 
covered by the tool. Self-reported information was 
checked using menstrual diaries when available. The MDAQ 
has demonstrated strong psychometric properties, with a 
reported Cronbach's alpha of 0.84 in prior studies. In the 
present study, internal consistency was satisfactory 
(Cronbach's alpha=0.82).  Content validity was con�rmed 
through review by three obstetric and gynecological 
experts.
Data analysis was performed using SPSS version 26.0. 
Normality of quantitative variables (age, BMI) was checked 
using the Shapiro-Wilk test; since normal, they were 
presented as mean ± standard deviation. Qualitative 
variables (education level, parity, menstrual irregularities: 
oligomenorrhea/dysmenorrhea/polymenorrhea/AUB, 
previous contraceptive method) were presented as 
frequencies and percentages. Effect modi�ers (age, BMI, 
education, parity, and previous contraceptive use) were 
controlled for by strati�cation. Post-strati�cation chi-
square test was applied; p<0.05 was signi�cant.
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M E T H O D S

This descriptive cross-sectional study was carried out in 
the Department of Obstetrics and Gynecology, Government 
Maula Baksh Hospital, Sargodha, between August 1, 2023, 
and January 31, 2024. Ethical approval for this study was 
obtained from the Research Evaluation Unit, CPSP 
(Reference No. CPSP/REU/OBG-2020-147-10091; dated 1st 
August 2023). After outlining the goals of the study and 
guaranteeing data con�dentiality, each participant gave 
their informed consent. Using non-probability consecutive 
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The demographic characteristics of the 303 participants. 
The mean age was 29.10 ± 4.23 years, with 178 (58.70%) 
aged 20-30 years and 125 (41.30%) aged 31-40 years. Mean 
parity was 3.19 ± 0.89, with 199 (65.7%) having ≤3 parity and 
104 (34.3%) >3. Mean BMI was 28.25 ± 2.53 kg/m², with 205 
(67.7%) ≤30 kg/m² and 98 (32.3%) >30 kg/m². Education 
levels were: illiterate 34 (11.20%), primary 37 (12.2%), middle 
119 (39.3%), matric & above 113 (37.3%). Previous 
contraceptive methods: pills 187 (61.7%), condom 116 
(38.3%) (Table 1).
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Table 1: Demographic Characteristics of Patients (n=303)

The frequency of menstrual irregularities post-tubal 
ligation. Oligomenorrhea occurred in 83 patients, abnormal 
uterine bleeding in 61,  dysmenorrhea in 55,  and 
polymenorrhea in 37 (Table 2).
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Variables Frequency (%)Category

20–30

31–40

Mean ± SD

≤3

>3

Mean ± SD

≤30

>30

Mean ± SD

Illiterate

Primary

Middle

Matric & above

Pills

Condom

178 (58.7%)

125 (41.3%)

29.10 ± 4.23

199 (65.7%)

104 (34.3%)

3.19 ± 0.89

205 (67.7%)

98 (32.3%)

28.25 ± 2.53

34 (11.2%)

37 (12.2%)

119 (39.3%)

113 (37.3%)

187 (61.7%)

116 (38.3%)

Age (Years)

Parity

BMI (kg/m²)

Education Level

Previous Contraceptive
Method

Table 2: Frequency of Menstrual Irregularities (n=303)

Type of Irregularity Yes, n (%) No, n (%)

Oligomenorrhea

Abnormal Uterine Bleeding

Dysmenorrhea

Polymenorrhea

83 (27.4%)

61 (20.1%)

55 (18.2%)

37 (12.2%)

220 (72.6%)

242 (79.9%)

248 (81.8%)

266 (87.8%)

Strati�cation analysis demonstrated that oligomenorrhea, 
a b n o r m a l  u te r i n e  b l e e d i n g ,  d ys m e n o r r h e a ,  a n d 
polymenorrhea were distributed across age, parity, BMI, 
contraceptive use, and educational status, with no 
signi�cant associations (p>0.05) between irregularities 
and modi�ers (Table 3).

Table 3: Strati�cation of menstrual irregularities by demographic 

and clinical variables

20–30

31–40

≤3

>3

≤30

>30

Pills

Condom

Illiterate

Primary

Middle

Matric & above

Age (years)

Parity

BMI (kg/m²)

Previous
Contraceptive

Education

Variables Categories p-valueNo, n (%)Yes, n (%)

40 (22.5%)

43 (34.4%)

58 (29.1%)

25 (24.0%)

61 (29.8%)

22 (22.4%)

49 (26.2%)

34 (29.3%)

6 (17.6%)

9 (24.3%)

31 (26.1%)

37 (32.7%)

138 (77.5%)

82 (65.6%)

141 (70.9%)

79 (76.0%)

144 (70.2%)

76 (77.6%)

138 (73.8%)

82 (70.7%)

28 (82.4%)

28 (75.7%)

88 (73.9%)

76 (67.3%)

0.197

0.545

0.405

0.768

0.792

Presence of Oligomenorrhea

20–30

31–40

≤3

>3

≤30

>30

Pills

Condom

Illiterate

Primary

Middle

Matric & above

Age (years)

Parity

BMI (kg/m²)

Previous
Contraceptive

Education

20–30

31–40

≤3

>3

≤30

>30

Pills

Condom

Illiterate

Primary

Middle

Matric & above

Age (years)

Parity

BMI (kg/m²)

Previous
Contraceptive

Education

20–30

31–40

≤3

>3

≤30

>30

Pills

Condom

Illiterate

Primary

Middle

Matric & above

Age (years)

Parity

BMI (kg/m²)

Previous
Contraceptive

Education

Presence of Abnormal Uterine Bleeding

Presence of Dysmenorrhea

Presence of Polymenorrhea

37 (20.8%)

24 (19.2%)

37 (18.6%)

24 (23.1%)

49 (23.9%)

12 (12.2%)

37 (19.8%)

24 (20.7%)

6 (17.6%)

9 (24.3%)

21 (17.6%)

25 (22.1%)

31 (17.4%)

24 (19.2%)

37 (18.6%)

18 (17.3%)

37 (18.0%)

18 (18.4%)

28 (15.0%)

27 (23.3%)

6 (17.6%)

9 (24.3%)

9 (7.6%)

31 (27.4%)

22 (12.4%)

15 (12.0%)

31 (15.6%)

6 (5.8%)

24 (11.7%)

13 (13.3%)

22 (11.8%)

15 (12.9%)

3 (8.8%)

6 (16.2%)

15 (12.6%)

13 (11.5%)

141 (79.2%)

101 (80.8%)

162 (81.4%)

80 (76.9%)

156 (76.1%)

86 (87.8%)

150 (80.2%)

92 (79.3%)

28 (82.4%)

28 (75.7%)

98 (82.4%)

88 (77.9%)

147 (82.6%)

101 (80.8%)

162 (81.4%)

86 (82.7%)

168 (82.0%)

80 (81.6%)

159 (85.0%)

89 (76.7%)

28 (82.4%)

28 (75.7%)

110 (92.4%)

82 (72.6%)

156 (87.6%)

110 (88.0%)

168 (84.4%)

98 (94.2%)

181 (88.3%)

85 (86.7%)

165 (88.2%)

101 (87.1%)

31 (91.2%)

31 (83.8%)

104 (87.4%)

100 (88.5%)

0.886

0.551

0.187

0.868

0.947

0.773

0.921

0.919

0.263

0.157

0.985

0.169

0.936

0.803

0.939

The most common form of family planning is tubal ligation. 
In 1990, the percentage of married women of reproductive 
age who were sterilized was 22% in developing countries 
and 11% in industrialized countries, corresponding to 44% 
and 18% of contraceptive users, respectively. Menstrual 
irregularities associated with post-tubal ligation syndrome 
continue to raise concerns. Decades of discussion 
followed by initial observation of Stein et al. increased 
menorrhagia and metrorrhagia following sterilization [15]. 
Following TL, this study discovered oligomenorrhea in 83 
(27.4%),  atypical  uterine bleeding in 61  (20.1%), 
dysmenorrhea in 55 (18.2%), and polymenorrhea in 37 
(12.2%).  The abnormal uterine bleeding 24.35%, 
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or demographic variables like age, body mass index, parity, 
education level, and previous use of contraceptives. 
Menstrual patterns following sterilization may also be 
in�uenced by psychological variables, recollection bias, 
and age-related hormonal changes. By offering local data 
on menstrual disruptions after tubal ligation in a Pakistani 
population—where such data are still scarce—this study 
adds to the body of existing knowledge. While stressing 
that the evidence is still equivocal, these �ndings may help 
doctors counsel women contemplating tubal ligation on 
potential menstrual abnormalities. Because of decreased 
follicles and ovarian non-responsiveness to FSH, Burger et 
al. connected high E2 and FSH to menstruation issues [20]. 
Current study (mean age study group 44.4 ± 5.7, control 
45.2 ± 5.3; p=0.424; mean parity 3.8±1.8 vs. 3.5 ± 1.4; 
p=0.220) found no signi�cant difference in hysterectomy 
for irregular bleeding (RR=0.85; 95% CI: 0.56-1.28; p=0.418).
When analyzing the results, it is important to take into 
account the many constraints of this case series. Since it is 
a descriptive case series without a control group, it is 
impossible to establish a causal link between menstrual 
abnormalities and tubal ligation. Despite re�ecting the 
whole accessible population during the study period, the 
very small sample size (n=99) lowers the results' statistical 
power and generalizability. Selection bias is a possibility in 
this single-center study that uses non-probability 
consecutive sampling. The majority of menstrual 
irregularities were self-reported, which raises the risk of 
reporting bias and memory. Furthermore, the six-month 
follow-up period might not be long enough to record long-
term or delayed menstruation changes.

polymenorrhea 13.46%, dysmenorrhea 19.87%, and 
oligomenorrhea 26.92%. In a local study of 200 patients, 
41% were between the ages of 32 and 40, 53% had parity 4-
6, and 47% had heavy bleeding, 28% had irregular cycles, 
13% had polymenorrhea, 5% had dysmenorrhea, and 7% 
had oligomenorrhea [16]. Menstrual disorders did not 
signi�cantly change after TL, according to Zhu et al. [17]. 
With comparable bleeding durations, �ow volumes, cycle 
lengths, and irregularities in sterilized and non-sterilized 
women, concluded that TL does not cause menstruation 
issues [18]. Age at sterilization in�uences abnormalities; it 
is more common in those aged 20 to 29 than in those over 
30, and it may be a risk factor for menorrhagia and irregular 
bleeding [19]. Although tubal ligation is one of the most 
used permanent contraceptive techniques in the world, 
there is ongoing debate regarding its potential link to 
subsequent irregular menstruation. Without aiming to 
demonstrate causality, the current descriptive cross-
sectional study was carried out to record the prevalence 
and pattern of menstrual irregularities among women after 
tubal ligation. The results of this study show that a 
signi�cant percentage of women experienced irregular 
menstruation following tubal ligation. The most commonly 
reported abnormality was oligomenorrhea, which was 
followed by polymenorrhea, dysmenorrhea, and irregular 
uterine hemorrhage. International and regional literature 
has documented similar trends. Similar rates of 
oligomenorrhea and irregular uterine hemorrhage after 
tubal sterilization were reported in studies by Abbas et al. 
con�rming the consistency of �ndings across various 
populations [14]. Uncertainty surrounds the underlying 
mechanism of post-tubal ligation menstruation problems. 
One theory is that tubal ligation disrupts the mesosalpinx, 
changing the ovarian blood �ow and potentially impacting 
hormone control and follicular growth. Changes in 
estrogen levels and gonadotropin secretion have also been 
proposed as important causes. These biological theories 
are still up for debate, though, because several controlled 
trials have not shown any appreciable changes in hormones 
or menstruation following the surgery. There is evidence in 
the literature to the contrary. There is no statistically 
signi�cant change in menstrual cycle characteristics 
between sterilized and non-sterilized women, according to 
certain large cohort and case-control studies. Variations in 
study design, age at sterilization, parity, baseline menstrual 
cycles, and follow-up time may account for these 
disparities. Although no signi�cant correlations were 
found in the current investigation, younger age at the time 
of tubal ligation and higher parity have been proposed as 
potential risk modi�ers for post-procedural menstrual 
abnormalities. Menstrual changes after tubal ligation may 
be multifactorial rather than directly related to a single 
factor, as evidenced by the lack of statistically signi�cant 
correlations between menstrual irregularities and clinical 
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The most frequent menstrual irregularity following tubal 

ligation is oligomenorrhea, which is followed by irregular 

uterine bleeding. In order to avoid anomalies and 

community morbidity, public awareness campaigns should 

inform the public about the importance of prompt clinician 

consultation.

C O N C L U S I O N S

C o n  i c t s o f I n t e r e s t

All the authors declare no con�ict of interest.

S o u r c e o f F u n d i n g

The authors received no �nancial support for the research, 

authorship and/or publication of this article.

A u t h o r s ’ C o n t r i b u t i o n

Conceptualization: SL

Methodology: AP, AF, SS

Formal analysis: AA, SMB

Writing and Drafting: SM

Review and Editing: SL, AA, SMB, AF, SS, SM 

All authors approved the �nal manuscript and take 
responsibility for the integrity of the work



Akgör U, Kırat S, Tok C. The Effects of Tubal 

Sterilization on Menopausal Age in a Cohort of 

Postmenopausal Women. Deneysel ve Klinik Tıp 

Dergisi.  2021 Sep; 38(4): 589-593. doi: 10.52142/ 

omujecm.38.4.34.

Shaikh S. Assessment of Menstrual Disturbances 

Resulting from Tubal Sterilization. Journal of Surgery 

Pakistan.  2019 May; 24(1): 34-37.

Abbas HY, Liaqat F, Memon E, Qureshi ZU, Karim K, Ali 

N. Menstrual Irregularities Post Tubal Ligation: 

Menstrual Irregularities Post Tubal Ligation. Pakistan 

Bio-Medical Journal.  2022 Jul: 89-93. doi: 10.54393/ 

pbmj.v5i7.631.

Stein RI, Ma Y, Phelan J, Roberts ET, Johnston KJ, 

Orav EJ et al. Growth of Chronic Condition Special 

Needs Plans Among Dual-Eligible Bene�ciaries, 

2011–24: Health Affairs.  2025 Mar; 44(3): 304-312. 

doi: 10.1377/hlthaff.2024.00651.

Chen K, Bai Y, Ma Y, Chen J, Huang Y, Yang F et al. 

Subsequent Pregnancy Outcomes Following 

Conservative Management for Placenta Accreta 

Spectrum Disorders: An Ambispective Cohort Study. 

The Journal of Maternal-Fetal and Neonatal 

Medicine.  2025 Dec; 38(1): 2477782. doi: 10.1080/1476 

7058.2025.2477782.

Zhu Y, Gong Y, Liu P. Supportive Care Needs, Quality of 

Life, And Social Support Among Laryngeal Cancer 

Patients Undergoing Total Laryngectomy: A Cohort 

Study. The Journal of Laryngology and Otology.  2025 

Nov: 1-23. doi: 10.1017/S0022215125103770.

Uppal T, Lanzarone V, Mongelli M. Sonographically 

Detected Caesarean Section Scar Defects and 

Menstrual Irregularity. Journal of Obstetrics and 

Gynaecology.  2011 Jul; 31(5): 413-416. doi: 10.3109/01 

443615.2011.577252.

Bagga SS, Tayade S, Lohiya N, Tyagi A, Chauhan A. 

Menopause Dynamics: From Symptoms to Quality of 

Life, Unraveling the Complexities of the Hormonal 

Shift. Multidisciplinary Reviews.  2025; 8(2): 2025057. 

doi: 10.31893/multirev.2025057.

Orisaka M, Kawamura H, Yoshida Y. COVID‐19 Testing 

of Pregnant Women in Japan. Journal of Obstetrics 

and Gynaecology Research.  2021 Jan; 47(464): 10-

111. doi: 10.1111/jog.14567.

Goldberg JM, Falcone T, Diamond MP. Current 

Controversies in Tubal Disease, Endometriosis, and 

Pelvic Adhesion. Fertility and Sterility.  2019 Sep; 

112(3): 417-425. doi: 10.1016/j.fertnstert.2019.06.021.

March CM. Female tubal sterilization: traditional and 

r e s e a r c h  m e t h o d s .  I n  T h e  H a n d b o o k  o f 

C o n t r a c e p t i o n :  E v i d e n c e - B a s e d  P r a c t i c e 

Recommendations and Rationales. Cham: Springer 

International Publishing.  2020 Sep: 193-238. doi: 

10.1007/978-3-030-46391-5_11.

Nash R, Johnson CE, Harris HR, Peres LC, Joslin CE, 

Bethea TN et al. Race Differences in the Associations 

Between Menstrual Cycle Characteristics and 

Epithelial Ovarian Cancer. Cancer Epidemiology, 

Biomarkers and Prevention.  2022 Aug; 31(8): 1610-

1620. doi: 10.1158/1055-9965.EPI-22-0115.

Bansal A, Dwivedi LK, Ali B. The Trends of Female 

Sterilization in India: An Age-Period-Cohort Analysis 

Approach. BioMed Central Women's Health.  2022 

Jul; 22(1): 272. doi: 10.1186/s12905-022-01857-0.

Zucchini C, De Sanctis P, Facchini C, Di Donato N, 

Montanari G, Bertoldo V et al. Performance of 

Circulating Placental Growth Factor as a Screening 

Marker for Diagnosis of Ovarian Endometriosis: A 

Pilot Study. International Journal of Fertility and 

Sterility.  2015 Dec; 9(4): 483. 

Verma P,  Saxena S,  Hiremath RN,  Sinha P. 

Comparative Study on Menstrual Disorders in Post-

Tubal Ligated and Non-Ligated Women. Journal of 

Family Medicine and Primary Care.  2023 Oct; 12(10): 

2482-7. doi: 10.4103/jfmpc.jfmpc_880_23.

G l a s i e r  A ,  B h a t t a c h a r y a  S ,  E v e r s  H , 

Gemzell‐Danielsson K, Hardman S, Heikinheimo O et 

al. Contraception After Pregnancy. Acta Obstetricia 

Et Gynecologica Scandinavica.  2019 Nov; 98(11): 

1378-1385. Doi: 10.1111/aogs.13627.

Itriyeva K. The Normal Menstrual Cycle. Current 

Problems in Pediatric and Adolescent Health Care.  

2022 May; 52(5): 101183. doi: 10.1016/j.cppeds.2022.10 

1183.

Dreisler E, Frandsen CS, Ulrich L. Perimenopausal 

Abnormal Uterine Bleeding. Maturitas.  2024 Jun; 

184: 107944. doi: 10.1016/j.maturitas.2024.107944.

Harini R, Gowri S, Vinayakamurthy N. Impact of BMI on 

Puber ty  Menorrhagia in  the Modern Era:  A 

Prospective Analysis in a Tertiary Care Centre. 

Journal of Contemporary Clinical Practice.  2025 

Jan; 11: 95-102. 

Rodriguez MB, Lethaby A, Low C, Cameron IT. Cyclical 

Progestogens for Heavy Menstrual Bleeding. 

Cochrane Database of Systematic Reviews.  2019; 8. 

R E F E R E N C E S

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

PJHSL VOL. 7 Issue. 06 June 2026
126

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v7i6.3222

Menstrual Irregularities After Tubal Ligation
Liaqat S et al.,



Original Article

1 1 1* 1 1 1Sheema Sajjad , Saadia Ashraf , Rukhsana Anwar , Amjad Ullah , Muhammad Younas  and Karishma Rehman  

¹Department of Pulmonology, Khyber Teaching Hospital, Peshawar, Pakistan

How to Cite: 

Sajjad, S., Ashraf, S., Anwar, R., Ullah, A., Younas, M., & 

Rehman, K. (2026). Comparison of the Six-Minute 

Walk Test and the One-Minute Sit-To-Stand Test for 

Assessing Exercise Tolerance in Patients with 

Chronic Obstructive Pulmonary Disease: Six-Minute 

Walk and the Sit-To-Stand Test for Exercise 

Tolerance in Patients with COPD. Pakistan Journal of 

Health Sciences, 7(6), 127-132. https://doi.org/10.543 

93/pjhs.v7i6.3558

Keywords: 

Six-Minute Walk Test,  Chronic Obstructive 

Pulmonary Disease, One-Minute Sit-To-Stand Test, 

Dyspnea

I N T R O D U C T I O N

A R T I C L E I N F O A B S T R A C T

Comparison of the Six-Minute Walk Test and the One-Minute Sit-To-Stand
Test for Assessing Exercise Tolerance in Patients with Chronic Obstructive
Pulmonary Disease

thReceived Date: 16  October, 2025
st th1  Revision Received: 17  November, 2025
nd th2  Revision Received: 25  November, 2025
rd th3  Revision Received: 12  March, 2026

stAcceptance Date: 31  March, 2026
thPublished Date: 30  June, 2026

*Corresponding Author: 

Rukhsana Anwar

Department of Pulmonology, Khyber Teaching 

Hospital, Peshawar, Pakistan

rukhsanafarooqi1995@gmail.com

Exercise tolerance assessment plays an important role in the management of chronic 

obstructive pulmonary disease (COPD). The Six-Minute Walk Test (6-MWT) and One-Minute Sit-

to-Stand Test (1-MSTST) are commonly used, although few studies have compared their relative 

value in COPD. Objective: To compare 6-MWT and 1-MSTST in assessing exercise tolerance in 

patients with COPD. Methods: This analytical cross-sectional study was conducted in the 

Department of Pulmonology, Khyber Teaching Hospital, Peshawar, from March 29 to September 

28, 2024. 98 participants were included in the study using a non-probability convenience 

sampling technique. Exercise tolerance was assessed in both tests, using heart rate (beats/min) 

and oxygen saturation (SpO₂%) measured with a pulse oximeter. Data were analyzed using SPSS 

version 23.0. Results: Out of the 98 patients with COPD (50 males, 48 females; mean age, 58.98 ± 

7.75 years), the 6MWT, pulse rate rose from 88.92 ± 6.84 to 93.15 ± 7.73 bpm, and SpO₂ fell from 

93.99 ± 1.97% to 91.24 ± 2.72%. In the 1MSTST, pulse rate increased from 88.38 ± 6.48 to 90.02 ± 

6.37 bpm, and SpO₂ declined from 94.01 ± 2.07% to 92.94 ± 2.34%, with changes signi�cant for 

SpO₂ (p-value<0.001) and modest for pulse rate (p=0.002). The 6MWT induced greater 

tachycardia and desaturation, re�ecting higher cardiopulmonary demand. Conclusions: Both 

tests effectively assessed exercise tolerance in COPD, but the 6MWT demonstrated greater 

desaturation, making it more sensitive for evaluating functional limitation.
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Chronic Obstructive Pulmonary Disease, or COPD, is the 
third leading cause of death globally and is de�ned by 
phlegm, cough, and progressive airway obstruction [1, 2]. 
COPD is considered a public health problem by the Global 
Initiative for Chronic Obstructive Lung Disease GOLD, and 
its prevalence is increasing steadily because of the ageing 
of the population,  tobacco exposure,  and other 
environmental risk factors [3]. COPD has been said to 
affect more than 300 million individuals worldwide 

according to the World Health Organization, and it is 
expected to be the third leading cause of death worldwide 
by the year 2030 [4]. In South Asia, this creates a higher 
burden of COPD because tobacco use, indoor air pollution, 
and late diagnosis are all prevalent [5, 6]. The prevalence of 
COPD has been estimated to be between 3-6% in the 
general Pakistani population, increasing among those 
living in rural areas and those exposed to biomass fuel 
sources [7, 8]. Though the disease is a burden, knowledge 



and early diagnosis are lacking, resulting in late 
presentations and worse outcomes [9]. Evaluating 
functional capacity is fundamental to COPD diagnosis, 
staging, disease monitoring, and developing a treatment 
plan [10]. The most used and accepted submaximal 
exercise test, the 6-Minute Walk Test (6MWT), is not 
practical in all types of resource-limited situations as it 
requires physical space and a trained staff [11]. 
Alternatively, the 1-Minute Sit-to-Stand Test (1MSTST) is a 
simple and practical tool to assess exercise tolerance and 
has been proposed as a valid alternative [12, 13]. 
Although the two tests have been validated separately, 
little is known about the performance and applicability of 
the 6MWT and the 1MSTST in a local COPD population, 
especially in a low-tech environment. Also, the impact of 
demographic and clinical variables, including age, gender, 
and comorbidity, on test results is not well understood in 
Pakistani patients either. It is important to choose valid and 
reliable instruments that are feasible and cost-e�cient for 
the assessment of COPD in clinical practice. Thus, the 
present study aimed to compare the performance of pre- 
and post-6MWT and 1MSTST in COPD patients and to 
analyze the in�uence of demographic and clinical variables 
on test performance.

study objectives and potential bene�ts and risks, and 
written informed consent was obtained. The demographic 
and clinical characteristics recorded at baseline included 
age, gender, occupation, education, monthly income, and 
socioeconomic status, residence (rural/urban), duration of 
COPD,  and associated comorbidit ies,  including 
hypertension, diabetes, anemia, hyperthyroidism, and cor 
pulmonale. All patients underwent a thorough physical 
examination and a detailed medical history. The One-
Minute Sit-to-Stand Test was performed �rst, and the Six-
Minute Walk Test was performed after one hour of rest. 
Oxygen saturation (SpO %) and pulse rate (beats/min) were 2

measured pre- and post each testing using a pulse-
oximeter. A senior postgraduate resident working in the 
pulmonology ward led all evaluations and used a proforma 
to document the �ndings.
Data were analyzed using SPSS version 23.0. Normality of 
continuous variables (heart rate, oxygen saturation) was 
assessed using the Shapiro–Wilk test. All variables showed 
p>0.050, indicating normal distribution. Therefore, 
continuous variables are presented as mean ± SD, and 
parametric tests were applied. The paired sample t-test 
was used to compare pre- and post-test heart rate and 
oxygen saturation in both exercise tests. Categorical 
variables, such as gender, were expressed as frequencies 
and percentages. A p-value<0.050 was considered 
statistically signi�cant. 
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M E T H O D S

This was an analytical cross-sectional study conducted in 
the Department of Pulmonology, Khyber Teaching 
Hospital, Peshawar, from March 29 to September 28, 2024. 
The ethical approval was taken from the institutional 
review board with ref no: 277/DME/KMC issued on 5th 
October 2023. The sample size was calculated using the 
f o r m u l a  f o r  c o m p a r i n g  t w o  m e a n s : 

2 2 2n=2(Z +Z ) σ /(μ1 −μ2 ) . Using Z =1.96, Z =0.84Z, μ1=110 1−α/2 1−β 1−α/2 1−β

± 20bpm (6MWT), and μ2=98 ± 22bpm (1MSTST) in COPD 
patients, the pooled SD was 21 [11]. Substituting these 
values yielded n=49 per group, giving a total sample of 98 
patients. Using a non-probability consecutive sample 
collection method, all eligible patients who presented 
during the study period and satis�ed the eligibility criteria 
were included in the study until the desired sample size was 
reached. All patients of either gender, aged 40 to 75 years, 
with a con�rmed diagnosis of chronic obstructive 
pulmonary disease (COPD) of mild to moderate severity 
according to the GOLD criteria, were included in the study. 
Patients were not included in the study if they had any 
orthopedic condition, previously diagnosed arrhythmia or 
heart failure, neurological de�cit, arthritis of the knee, or 
end-stage renal failure. COPD patients with acute 
infections concomitant to the diagnosis were also 
excluded. After receiving permission from the ethical 
review board of the hospital, as well as the Department of 
Research in CPSP Karachi, the study was started. Those 
who ful�lled the study criteria were informed about the 

Ninety-eight patients with COPD were enrolled in the study. 
Distribution by gender was approximately balanced: 50 
were male (51.02%), and 48 were female (48.98%). 
Participants ranged in age from 40 to 85 years, with a mean 
age of 58.98 +/− 7.75 years. The majority of patients, 54.1%, 
were aged between 51 and 60 years, 18.4% were younger 
than 50 years, and 27.6% older than 60 years. As for 
residence, 53 patients (54.1%) were from an urban area and 
45 (45.9%) from a rural area. Housewives comprised the 
majority of the population, at 46.9%, followed by Labourers 
at 24.5%, farmers at 14.3%, and “other” professions like 
driving, teaching, and shopkeeping at 11.2%. Three patients 
(3.1%) were electricians. About education status, there 
were more uneducated participants with 89.8%, as 
compared to 10(10.2%) educated population. Regarding 
socioeconomic status, 69.4% were lower-class, 29.6% 
were middle-class, and only 1 patient (1.0%) belonged to the 
upper-class. Regarding disease duration, 54 patients 
(55.1%) had COPD for 5 years or less, while 44 patients 
(44.9%) had it for more than 6 years (Table 3).
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The study displays the difference between pre- and post-
test results of the Six-Minute Walk Test (6MWT) and the 
One-Minute Sit-to-Stand Test (1MSTST) in 98 COPD 
patients. The average pre-test pulse rate was the same in 
both groups (88.93 ± 6.84 bpm for 6MWT vs. 88.39 ± 6.48 
bpm for 1MSTST, p=0.571), with no statistically signi�cant 
difference. Similarly, pre-test SpO  levels were not 2

statistically different (93.99 ± 1.98% for 6MWT vs. 94.02 ± 
2.07% for 1MSTST, p=0.916). However, the 6MWT group had 
higher post-test measurements compared to the 1MSTST 
group. The post-test pulse rate was greater in the 6MWT 
group (93.15 ± 7.74 vs. 90.02 ± 6.37 bpm, p=0.002). Likewise, 
desaturation of oxygen was more evident following the 
6MWT, where mean SpO  decreased to 91.24 ± 2.72% from 2

92.93 ± 2.34% in the 1MSTST (p<0.001). In general, these 
results suggest that although the baseline parameters 
were similar, the 6MWT elicited more elevated rises in heart 
rate and larger falls in oxygen saturation than the 1MSTST 
(Table 2).
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Table 1: Demographic and Clinical Characteristics of COPD 

Patients (n=98)

Variables n (%)Category

Male

Female

≤ 50

51–60

≥ 61

�

Urban

Rural

Labour

Housewife

Electrician

Farmer

Driver/Teacher/Shopkeeper

Educated

Uneducated

Lower

Middle

Upper

≤ 5

≥ 6

50 (51.02%)

48 (48.98%)

18 (18.4%)

53 (54.1%)

27 (27.6%)

58.98 ± 7.75

53 (54.1%)

45 (45.9%)

24 (24.5%)

46 (46.9%)

3 (3.1%)

14 (14.3%)

11 (11.2%)

10 (10.2%)

88 (89.8%)

68 (69.4%)

29 (29.6%)

1 (1.0%)

54 (55.1%)

44 (44.9%)

Gender

Age Group (Years)

Mean Age ± SD

Residence

Profession

Education

Socioeconomic
Status

Duration
of COPD (years)

Table 2: Comparison of Pre- and Post-Findings in Both the Test 

(n=98)

n Mean ± SD p-value

88.9286 ± 6.84

88.3878 ± 6.48

93.9898 ± 1.97

94.0204 ± 2.06

93.1531 ± 7.73

90.0204 ± 6.36

98

98

98

98

98

98

Groups

6MWT

1MSTST

6MWT

1MSTST

6MWT

1MSTST

Pre Pulse Rate

Pre SPO2%

Post Pulse Rate

0.571

0.916

0.002*

91.2449 ± 2.73

92.9286 ± 2.33

98

98

6MWT

1MSTST
Post SPO2 <0.001*

asterisk (*) denotes statistical signi�cance at p≤0.050

Normality of continuous variables (heart rate, oxygen 
saturation) was assessed using the Shapiro–Wilk test. All 
variables showed p>0.050, indicating normal distribution 
(Table 3). 

Table 3: Normality Test Results for Continuous Variables 

(Shapiro–Wilk test, n=98)

Variables Distribution
p-

value
Shapiro–Wilk
Statistic (W)

Pre-test Pulse Rate (6MWT)

Pre-test Pulse Rate (1MSTST)

Pre-test SpO₂ (6MWT)

Pre-test SpO₂ (1MSTST)

Post-test Pulse Rate (6MWT)

Post-test Pulse Rate (1MSTST)

Post-test SpO₂ (6MWT)

Post-test SpO₂ (1MSTST)

0.983

0.981

0.987

0.985

0.979

0.982

0.988

0.986

0.214

0.198

0.266

0.241

0.187

0.205

0.272

0.258

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

The study shows a comparison between the tests, with the 
independent-samples t-test showing no difference 
between the tests in terms of pre-test pulse rate (p=0.571) 
and pre-test SpO₂ (p=0.916), while pulse rate post-test 
(p=0.002) and SpO₂ post-test (p<0.001) were different 
between the 6MWT and 1MSTST.

Table 4: Independent Samples t-Test Comparing Physiological 

Parameters Between 6MWT and 1MSTST (n=98)

n Mean ± SD p-value

98

98

98

98

98

98

Variables

6MWT

1MSTST

6MWT

1MSTST

6MWT

1MSTST

98

98

6MWT

1MSTST

Pre-test
Pulse Rate

Pre-test
SpO  (%)2

Post-test
Pulse Rate

Post-test
SpO  (%)2

88.93 ± 6.84

88.39 ± 6.48

93.99 ± 1.97

94.02 ± 2.06

93.15 ± 7.73

90.02 ± 6.36

91.24 ± 2.73

92.93 ± 2.33

0.571

0.916

0.002*

<0.001*

All variables showed p > 0.05, con�rming normal distribution and 

validating the use of parametric tests (paired t-test). asterisk (*) 

denotes statistical signi�cance at p≤0.050

As shown in the bar chart, in the study's 98 patients with 
COPD, there was a high rate of concomitant illnesses. Ten 
patients (10.2%) were hypertensive, while 88 patients 
(89.8%) did not have hypertension. Six patients (6.1%) were 
diabetic, and 92 patients (93.9%) were not diabetic. 
Anemia, hyperthyroidism, and Cor pulmonale were 
excluded in all patients, leaving no case of any of the three 
conditions out of 98 (100%). Hypertension was more 
prevalent overall, and both conditions were the only 
meaningful comorbidities present among the study 
population (Figure 1).
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medication therapy, and pulmonary rehabilitation have 
been shown to improve outcomes when initiated early [19]. 
Nonetheless, ignorance and di�cult access to healthcare 
represent all of them, and remain as barriers to being 
diagnosed also in other areas, mainly rural ones [20]. These 
study results further highlight the complementary 
purposes of 6MWT and 1MSTST for the assessment of 
people with COPD. While the 6MWT continues to be 
considered the gold standard for assessment of exercise 
capacity and prognosis, the 1MSTST might be a better 
alternative in outpatient and primary care settings where 
the necessary infrastructure for the 6MWT is not available 
[21]. The sensitivity vs. convenience trade-off is one 
example of how the way functional assessment is done 
must conform to the healthcare world.
There are some limitations to this study. First, it was 
conducted at a tertiary care hospital, and the sample may 
not re�ect the general population, particularly in rural 
areas, in which access to health and exposure risk might be 
different. Second, the sample was relatively small, which 
limits the power to identify weak correlations among 
demographic variables, comorbidities, and functional 
outcomes. Third, patients with multiple or severe 
comorbidities were not included, which may have reduced 
the overall effect of COPD-related comorbidities. 
Longitudinal outcomes such as frequency of exacerbation 
and rate of hospitalization, both important indicators of 
disease progression, were also not assessed. Lastly, 
functional assessment was limited to 6MWT and 1MSTST; 
other measures, such as spirometry or cardiopulmonary 
exercise testing, could have provided a more detailed 
breath assessment. Given the study �ndings, the One-
Minute Sit-to-Stand Test (1MSTST) and the Six-Minute Walk 
Test (6MWT) should be incorporated as part of the usual 
assessment of patients with COPD, since in outpatient 
clinics or in developing countries where 6MWT requires 
space and/or several materials are not available, the 
1MSTST represents a practical alternative. Similarly, it is 
going to be important to pursue awareness also for low-
literacy and socioeconomic groups to promote early 
diagnosis and risk management of COPD. Periodic 
screening for such comorbidities as hypertension and 
diabetes would be necessary to improve patient outcomes. 
Also, formal exercise programs and rehabilitation should 
be promoted as a means to achieve optimal functional 
capacity, while policy interventions aimed at reducing 
exposure to environmental risk factors, such as biomass 
fuel use or urban air pollution exposure, remain essential in 
preventing overall disease progression.

In the present study, both the Six-Minute Walk Test (6MWT) 
and One-Minute Sit-to-Stand Test (1MSTST) effectively 
assessed exercise tolerance in COPD patients; however, 
the 6MWT produced a signi�cantly greater increase in 
heart rate (from 88.92 ± 6.84 to 93.15 ± 7.73 bpm) and a larger 
decrease in oxygen saturation (from 93.99 ± 1.97% to 91.24 ± 
2.72%) compared to the 1MSTST, where heart rate rose 
modestly (from 88.38 ± 6.48 to 90.02 ± 6.37 bpm) and SpO₂ 
declined slightly (from 94.01 ± 2.07% to 92.94 ± 2.34%). 
Similarly, the study found that the 6MWT induced greater 
physiological stress, with a mean SpO₂ drop of 3.1 ± 1.6% 
compared to 1.5 ± 0.8% in the 1MSTST group (p<0.050). Both 
previous studies, therefore, support the present study's 
conclusion that the 6MWT elicits higher cardiopulmonary 
demand and provides a more sensitive measure for 
detecting exertional desaturation in COPD patients [14]. 
But the practicality and feasibility of 1MSTST, particularly in 
low-resource clinical settings, make it a useful option. On 
top of that, it has been previously established that 1MSTST 
is well correlated with 6MWT as functional capacity 
predictors and, therefore, is especially useful when space 
and time are limited [15]. Hypertension and diabetes were 
the most common among al l  other documented 
comorbidities, but the overall prevalence was lower 
compared to other cohorts [16]. This difference may be due 
to underdiagnosis or our sample being biased against 
patients with more severe disease. But even small 
comorbidity prevalence is of clinical signi�cance as it may 
also contribute to a faster progression of COPD and 
increased complexity of its management [17]. The need for 
and advantage of a systematic screening process for the 
identi�cation of comorbidities among patients with COPD 
was recently highlighted by other authors [18] and is in line 
with our �ndings. An additional relevant �nding was that 
more than half of the patients were diagnosed within the 
last �ve years. On top of that, early intervention is key as 
bene�ts to treatment such as smoking cessation, 
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Figure 1: Distribution of Comorbid Conditions among Patients 

with COPD (n=98)
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The 1MSTST is more convenient, space-saving, and a valid 

alternative to be used for functional assessment, 

especially in resource-limited settings or outpatient use. 

These �ndings support the clinical use of both tests as 

complementary, considering the 6MWT as the gold 

standard and the 1MSTST as a feasible alternative when the 

6MWT is not feasible.
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Cancer patients are at risk of admission to the critical care unit either due to primary illness or as 

a consequence of treatment. Objectives: To determine clinical features and cancer patients' 

prognosis necessitating ICU (Intensive Care Unit) admission. Methods: This cross-sectional 

analytical study at the critical care unit of Ziauddin Medical University Hospital was done on 

cancer patients ful�lling eligibility criteria between July 2023 and December 2023. Along with 

demographics, Acute Physiology and Chronic Health Evaluation (APACHE) II score, Sequential 

Organ Failure Assessment (SOFA) score, and ECOG were reported. SPSS version 23.0 was used 

for data analysis. For comparing clinical characteristics and outcomes between different 

subgroups, the t-test and chi-square test were applied, keeping p<0.05 as statistically 

signi�cant. Results: Patients having hematological malignancy had a signi�cantly lengthier 

hospital stay before ICU admittance compared to those with solid tumors (p=0.01). 

Chemotherapy use was signi�cantly more frequent (p<0.01), and sepsis/septic shock was a 

more common cause of ICU admission (p=0.05). On ICU admission, renal dysfunction (p<0.01), 

leukocyte count (p=0.04), thrombocyte count (p=0.05), and C-reactive protein levels (p<0.01) 

showed signi�cant differences between the groups. During ICU stay, sepsis/septic shock 

remained signi�cantly different between groups (p<0.01). Additionally, overall survival 

outcomes differed signi�cantly, with higher survival observed in patients with solid tumors 

(p<0.01). Conclusion: The type of malignancy signi�cantly in�uenced ICU outcomes, with 

hematological cancers associated with greater disease severity and poorer prognosis, while 

solid tumors showed better survival.
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Since cancer leads to a substantial effect on an individual's 
health,  a profound understanding of its cl inical 
manifestations and prognosis is a necessity [1]. Worldwide, 
estimates show around 20 million new cases in the last 
decade, with around 10 million deaths due to cancer. The 
increasing burden of cancer is predicted to reach 
approximately 60 % in the next 20 years, which will lead to 
further adverse effects on the health care system [2]. 
Diagnosis and treatment of cancers in their early phases 
are critical for patient survival throughout the globe [3]. 
Many cancer patients require admission to the highest 

medical interventional levels, i.e., necessitating ICU 
admittance [4]. The purpose of admitting cancer patients 
to the ICU is probably due to a life-threatening situation/s or 
an increase in the complexity of such patients [5]. Such 
critical care scenarios require an in-depth comprehension 
of the clinical features demonstrated by cancer patients 
and carefully need to be evaluated for prognostic features 
that in�uence outcomes [6]. Research has demonstrated 
varied clinical presentations in cancer patients that were 
admitted to the ICU, including evaluation of stage, type of 
cancer, and complications associated with treatment [7]. 



Concurrently, it remains vital to evaluate prognostic 
determinants that will shape the future of such cases, 
including cancer's characteristics, dysfunctional organs, 
severity of the cancer, status of immunity, and in�uences 
of age and co-morbidities [8]. Through assessment of 
clinical characteristics and prognostic factors among 
cancer patients requiring ICU, it will aid in re�ning current 
guidelines, helping to provide enhanced healthcare and 
improve overall outcomes. Complications in cancer 
patients occur either in non-septic or in septic type overall, 
the duration of their cancer, and during therapies [9]. A 
timely, accurate, and proper evaluation can be made by 
proper evaluation. There is always a possibility of recovery 
from such complications if managed in a timely and careful 
manner. But if we labeled these cancer patients as they 
have deadly disease and marked them as not aggressive 
just because the malignancy has no outcome (as previously 
thought), then it ultimately affects the survival of these 
patients. It is vital to evaluate which cancer patients need 
ICU care the most, how they respond, and what their 
outcome is [10, 11]. Cancer patients account for up to 15% of 
all ICU admissions [12]. However, admitting cancer 
patients to the ICU may be fraught with controversy. 
Despite the fact that advances in oncology and supportive 
care appear to be associated with improved patient 
survival rates, many intensivists are still hesitant to admit 
these patients to the ICU [13, 14]. 
Limited local data exists on the clinical pro�le and 
outcomes of cancer patients admitted to the ICU, 
particularly in low- and middle-income settings like 
Pakistan, where �ndings from high-income countries may 
not be generalizable. Cancer patients requiring ICU care 
have high morbidity and mortality, yet the lack of local 
evidence limits effective risk strati�cation and clinical 
decision-making. The study aimed to assess and identify 
the clinical features, outcome, and prognosis of cancer 
patients requiring ICU admission. 

patients having a length of hospitalization stay in the ICU 
<24 hours, were excluded from the study. To minimize 
survivorship bias, ICU stays of patients <24 hours were 
excluded, since such cases seldom represent either 
extreme in terms of early death and transient admission to 
ICU without adequate clinical evaluation. The required 
sample size was estimated using a two-group comparison 
of proportions (solid vs. hematological malignancies), 
assuming a difference in mortality of 25% between groups, 
a con�dence level of 95%, and a power of 80%. A total of 80 
samples were calculated using the formula.  After approval 
of the research proposal, data were collected from 
electronic medical records of the critical care unit of the 
hospital during the study period. The demographics 
included age, gender, duration of hospital stay, duration of 
ICU stay, characteristics of cancer on ICU admission, type 
of cancer, its stage, primary site of cancer, status of 
metastasis, treatment status, cause of ICU admission, any 
bacterial, fungal, pulmonary or blood stream infection, 
mortality and co-morbidities both on pre-hospital 
admission and on ICU admission and Glasgow Coma Scale 
(GCS). APACHE II, SOFA, and ECOG scores for pre-
admission performance status were reported. In addition, 
laboratory data included complete blood counts, C-
reactive protein, liver function tests (ALT, LDH), 
procalcitonin, calcium, albumin, glucose, and creatinine. 
ICU-associated morbidities included septic shock or 
sepsis, renal or hepatic dysfunction, renal replacement 
therapy, neutropenia, mechanical ventilation, blood 
transfusion, chemotherapy, culture-proven or suspected 
infection, catheterization, use of vaspressors or steroids, 
and all were recorded. 
For data analysis, SPSS version 23.0 was used. The data 
included demographical characteristics, cancer-
associated factors, and clinical data, which were presented 
as frequencies and percentages for qualitative variables, 
while means and standard deviations were used for 
quantitative variables. To compare clinical characteristics 
and outcomes on the basis of cancer subtypes, 
independent t-tests and chi-square tests were applied. A 
p-value of <0.05 was considered statistically signi�cant.
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M E T H O D S
This research used an analytical cross-sectional study 
design that was carried out at the critical care unit of 
Ziauddin Medical University Hospital, Karachi, Pakistan 
[reference number: 7390623RKONC; dated 12th July 
2023]. The study duration was for 6 months after approval 
of the research proposal. Using non-probability convenient 
sampling, all cancer patients ful�lling the inclusion criteria 
between July 2023 and December 2023, including patients 
of either gender and above 18 years of age with diagnosed 
cases of malignancy, were included in the study, whereas 
patients who were admitted on more than one occasion to 
the ICU during the same stay in hospital, only their �rst data 
point was included in the study. Moreover, patients who 
died within 24 hours of admission to the ICU, as well as 
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There was a total of 510 admissions that took place during 
the study, amongst which 81 (15.88 %) were patients with 
cancer who met the inclusion criterion for this study. 
Median age was 58 (43-69) years, with the majority being 
females (59.26 %). The most common cause of patient 
admission into the ICU was due to septic shock/sepsis in 
about 64.2% of patients, followed by respiratory failure in 
58 % of patients. Median length of hospital stay before ICU 
admission was 3.8 (1-19) days, and median length of ICU stay 
was 6.2 (4-14) days. In terms of the characteristics of 
cancer on admission into ICU, 34.57 % of patients were 
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newly diagnosed, 32.1 % with relapse of progressive 
disease, 23.46 % with complete or partial remission, while 
9.88 % with end-stage disease. 71.6 % of patients reported 
a good ECOG score on pre-admission performance status.  
70.37 % of patients underwent chemotherapy, while 51.9 % 
patients had cancer therapy within 30 days before ICU 
admission. Radiation therapy was carried out in 24.7 % of 
patients, while surgery was carried out in 27.2 % of 
patients. 26 % of patients in this study were diabetic, 
followed by hypertension in 24.7 %, cardiovascular disease 
in 14.8 %, and COPD in 11.11 % of patients. The most common 
morbidity in patients on ICU admission was either 
suspected or culture-proven infection, in about 84 % of 
patients, followed by thrombocytopenia in 50.62 %, and 
renal dysfunction in 48.14 % patients. The most common 
type of infection was pulmonary, in 70.37 % of patients 
(Table 1). 

Table 1: Demographical characteristics of included patients (n=81)
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16 (19.75 %)Bloodstream Infection

Variables
Frequency (%)
/ Median ± IQR

58 (43-69)

33 (40.74 %)

48 (59.26 %)

3.8 (1-19)

6.2 (4-14)

28 (34.57 %)

19 (23.46 %)

26 (32.1 %)

08 (9.88 %)

58 (71.6 %)

23 (28.4 %)

57 (70.37 %)

20 (24.7 %)

22 (27.2 %)

42 (51.9 %)

09 (11.11 %)

21 (26 %)

20 (24.7 %)

12 (14.8 %)

52 (64.2 %)

47 (58 %)

27 (33.33 %)

39 (48.14 %)

24 (29.63 %)

41 (50.62 %)

36 (44.44 %)

27 (33.33 %)

28 (34.57 %)

39 (48.14 %)

68 (84 %)

36 (44.44 %)

11 (13.58 %)

57 (70.37 %)

Male

Female

Recently diagnosed

Complete or partial remission

Relapse or progressive disease

End stage

Good (ECOG 0-2)

Poor (ECOG 3 and 4)

Chemo

Radiation 

Surgery

Therapy < 30 days before ICU admit

COPD

Diabetes mellitus

Hypertension

Cardiovascular diseases

Sepsis/septic shock

Respiratory failure

Acute renal failure

Renal Dysfunction

Neutropenia

Thrombocytopenia

Mechanical ventilation

Hepatic Dysfunction

Vasopressors

>2 organ dysfunction

Infection

Age (years)

Gender

Hospital stay before admission to ICU (days)

Length of ICU stay (days)

Stage of Cancer

Performance
Status

Treatment 

Comorbidities

Reason
for ICU Admission

Bacterial Infection

Fungal Infection

Pulmonary Infection

ICU-Associated
Comorbidities

A total of 50 patients were reported to have solid tumors, 
amongst which the most common type of cancer was Non-
Hodgkin Lymphoma (Figure 1).

Figure 1: Frequency distribution of Cancer Types in the Study 

Population

The clinical features of the included patients when 
admitted to the ICU (Table 2).

Table 2: Clinical Features of Included Patients (n=81)

Clinical Features on ICU Admission Median ± IQR

22 (16-27)

13 (9-15)

9 (4-11)

9.7 (7.9-10.2)

7,980 (3375-14450)

112,000 (42000-228000)

144 (72.7-272.5)

19 (11.2-31.2)

410 (244.25-690.50)

3.1 (0.78-18)

7.4 (6.9-9.1)

2.7 (1.9-3.1)

134 (110-190)

1.2 (0.68-2.3)

APACHE II score

GCS

SOFA score

Hemoglobin level (g/dL)

Leukocytes (/mm3)

Thrombocytes (/mm3)

C-reactive protein (mg/L)

ALT (IU/L)

LDH (IU/L)

Procalcitonin (ng/mL)

Calcium (mg/dL)

Albumin (g/dL)

Glucose (mg/dL)

Creatinine (mg/dL)

Overall, 46 (56.8 %) patients survived while 35 (43.2 %) of 
the patients died during the course of the study (Table 3).

Table 3: Morbidities Observed During ICU Stay and Prognosis 

(n=81)

ICU-Associated Comorbidities Frequency (%)

Septic shock / Sepsis

Hepatic dysfunction

Neutropenia

Renal Dysfunction

Renal Replacement Therapy

Mechanical Ventilation

Chemotherapy

Blood Transfusion

Central Venous Catheterization

Arterial Catheterization

Infection (proven or suspected)

35 (43.2 %)

14 (17.28 %)

14 (17.28 %)

24 (29.63 %)

27 (33.33 %)

54 (66.67 %)

08 (9.87 %)

52 (64.2 %)

28 (34.57 %)

41 (50.62 %)

30 (37 %)
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Patients with hematological malignancies had a 
signi�cantly longer hospital stay before ICU admission 
compared to those with solid tumors (6 vs. 2.5 days; p=0.01). 
Chemotherapy use was signi�cantly higher in patients with 
solid tumors (41.98% vs. 28.4%; p<0.01). Sepsis/septic 
shock as a cause of ICU admission showed borderline 
signi�cance between groups (39.5% vs. 24.7%; p=0.05) 
(Table 4).
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Bacterial Infection

Pulmonary Infection

Steroid Usage

Vasopressor Use

Final Outcome (Mortality)
Survived

Died

28 (34.57 %)

29 (35.8 %)

59 (72.8 %)

50 (61.72 %)

46 (56.8 %)

35 (43.2 %)

Table 4: Cross Tabulation of Various Parameters According to 

Type of Cancers (n=81)

30 (37 %)

40 (49.4 %)

22 (27.2 %)

04 (4.9 %)

38 (46.9 %)

08 (9.87 %)

09 (11.11 %)

18 (22.22 %)

16 (19.75 %)

07 (8.64 %)

19 (23.46 %)

08 (9.87 %)

Bacterial Infection

Fungal Infection

Pulmonary Infection

Bloodstream Infection

>2 organ
dysfunction

Infection

0.540

p-
value

Hematological
Malignancies

Solid
Tumors

59 (37-69)

15 (18.5%)

32 (39.5%)

2.5 (1-9.5)

4.5 (2-12)

11 (13.6%)

9 (11.11%)

14 (17.28%)

03 (3.7%)

40 (49.38%)

10 (12.35%)

34 (41.98%)

11 (13.58%)

12 (14.8%)

28 (34.57%)

05 (6.17%)

11 (13.58%)

09 (11.11%)

04 (4.9 %)

32 (39.5 %)

30 (37 %)

12 (14.8 %)

24 (29.63 %)

06 (7.4 %)

22 (27.2 %)

20 (24.7 %)

12 (14.8 %)

18 (22.22 %)

51.5 (34-61)

18 (22.22%)

16 (19.75%)

6 (1.5-12.5)

4.5 (3.2-8.75)

17 (21%)

10 (12.35%)

12 (14.8%)

05 (6.17 %)

18 (22.22 %)

11 (13.58 %)

23 (28.4 %)

09 (11.11 %)

10 (12.35 %)

12 (14.8 %)

04 (4.94 %)

10 (12.35 %)

11 (13.58 %)

08 (9.87 %)

20 (24.7 %)

17 (21 %)

15 (18.5 %)

15 (18.5 %)

18 (22.22 %)

19 (23.46 %)

16 (19.75 %)

15 (18.5 %)

10 (12.35 %)

Variables

Male

Female

Age (years)

Gender

Hospital stay before admission
to ICU (days)

Recently
diagnosed

Length of ICU stay (days)

Complete or
partial remission

Performance
Status

Treatment 

Comorbidities

Reason for
ICU Admission

ICU-
Associated

Comorbidities

Stage
of Cancer Relapse

or progressive 
disease

End stage

Good (ECOG 0-2)

Poor
(ECOG 3 and 4)

Chemo

Radiation 

Surgery

Therapy < 30 days
before ICU admit

COPD

Diabetes mellitus

Hypertension

Cardiovascular
diseases

Sepsis/
septic shock

Respiratory failure

Acute renal failure

Renal Dysfunction

Neutropenia

Thrombocytopenia

Mechanical
ventilation

Hepatic
Dysfunction

Vasopressors

*0.050

0.720

*0.010

0.100

0.560

0.620

*<0.010

0.550

*0.050

*<0.010

On admission to the ICU, renal  dysfunction was 
signi�cantly more common in solid tumor patients (29.63% 
vs. 18.5%; p<0.01). Hematological parameters also differed 
signi�cantly, with higher leukocyte counts (p=0.04) and 
platelet counts (p=0.05), while C-reactive protein levels 
were signi�cantly elevated in hematological malignancies 
(p<0.01). During ICU stay, sepsis/septic shock remained 
signi�cantly different between groups (24.7% vs. 18.5%; 
p<0.01). Final outcomes showed a signi�cant difference in 
survival, with higher survival in patients with solid tumors 
(37% vs. 19.75%; p<0.01) (Table 5).

Table 5: Cross Tabulation of Various Parameters After Admission 

to ICU (n=81)

p-
value

Hematological
Malignancies

Solid
TumorsVariables

APACHE II score

GCS

SOFA score

Hemoglobin level (g/dL)

Leukocytes (/mm3)

20 (16-26)

14 (9-15)

8 (5-10)

9.9 (8.1-10.2)

7,250
(3375-12000)

24 (17-27)

14 (10-15)

9 (4-11)

9.5 (7.9-9.9)

8,850
(4750-14450)

Thrombocytes (/mm3)
98,000

(48000-185000)
124,000

(42000-228000)

C-reactive protein (mg/L)

ALT (IU/L)

LDH (IU/L)

Procalcitonin (ng/mL)

Calcium (mg/dL)

Albumin (g/dL)

Glucose (mg/dL)

Creatinine (mg/dL)

110 (72.7-181)

17 (11.2-28.1)

420 (244.25-585)

2.8 (0.78-1.65)

7.6 (6.9-8.8)

2.5 (1.92-2.9)

128 (110-164)

1.1 (0.78-1.9)

180 (87-272.5)

20 (12.8-31.0)

430 (290-690)

3.2 (0.8-1.8)

7.2 (6.9-9.1)

2.5 (1.9-3)

137 (111-190)

1.3 (0.68-2.3)

Sepsis/septic shock

Neutropenia

Hepatic dysfunction

Renal dysfunction

Renal replacement therapy

Requirement of
mechanical ventilation

20 (24.7 %)

06 (7.4 %)

07 (8.64 %)

16 (19.75 %)

13 (16 %)

15 (18.5 %)

08 (9.87 %)

07 (8.64 %)

08 (9.87 %)

14 (17.3 %)

Chemotherapy in ICU

Blood transfusion

Central venous catheterization

Arterial catheterization

Suspected or culture-
proven infection

38 (46.9 %)

04 (4.9 %)

23 (28.4 %)

16 (19.75 %)

22 (27.2 %)

16 (19.75 %)

04 (4.9 %)

29 (35.8 %)

12 (14.8 %)

19 (23.46 %)

Bacterial Infection

Pulmonary Infection

Steroid use

16 (19.75 %)

18 (22.22 %)

10 (12.35 %)

31 (38.27 %)

14 (17.28 %)

10 (12.36 %)

19 (23.46 %)

28 (34.57 %)

0.440

0.950

0.620

0.080

*0.040

*0.050

*<0.010

0.500

0.730

0.120

0.500

0.780

0.230

0.540

*<0.010

Morbidities during ICU stay
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considering treatment response and the impact of ongoing 
therapies on the overall prognosis of cancer patients 
admitted to the ICU. The type and stage of cancer play a 
crucial role in shaping the clinical course of critically ill 
cancer patients. Over half of the ICU-admitted patients in 
this study survived, potentially indicating the potential 
bene�t of ICU care in selected patients. Published 
literature indicates mortality rates among ICU cancer 
patients tend to vary widely, ranging from 30 to 60 %. This 
depends upon the stage of disease and co-morbidities [22-
24]. This research's mortality rate falls within the ranges of 
international literature.  
Comprehensive data collection was one of the main 
highlights of this study. Comprehensive data enabled the 
performance of detailed subgroup analyses, identifying 
trends, exploring potential confounding variables, and 
strengthening the internal validity of the study. Since the 
prognostic values were not tested using multivariate 
analysis, the study cannot claim the predictive or 
prognostic outcomes of the patients. This study was 
limited by its single-center design and observational 
design, which might have affected generalizability. The 
relatively small sample size and lack of long-term follow-up 
restricted the ability to fully assess outcomes beyond ICU 
discharge. Additionally, heterogeneity in cancer types and 
prior treatments could have confounded the observed 
associations. Studies with higher sample sizes, having a 
multi-centered approach, would help in developing 
predictive models for ICU outcomes in cancer patients. 
Research should also explore interventions targeting early 
sepsis detection, organ dysfunction management, and 
optimized ICU resource allocation to improve survival in 
high-risk groups.

Cancer patients tend to be more ill than non-cancerous 
patients, resultantly causing higher admissions into the 
ICU and an increase in hospital mortality rates. Likewise, 
the mortality rate in this study was 43 %, higher than the 
mean mortality rate reported in studies (32 %), with 
mortality among all ICU admission patients [15]. The 
difference in mortality rates can be owed to the fact that 
variations exist in terms of the composition of underlying 
diseases, the criteria used for admission and discharge of 
patients from the ICU, treatment decisions, and in 
implementing end-of-life decisions [16]. A signi�cant 
difference was observed in this study between solid tumor 
patient group and hematological malignancy patient group 
in terms of median age (p=-0.05), length of hospital stay 
(p=-0.01), cancer treatment status (p<0.01), cause of ICU 
admission (p=-0.005), morbidities on ICU admission 
(p<0.001), leukocytes (p=-0.04), thrombocytes (p=-0.05), C-
reactive protein (p<0.01), morbidities during ICU stay 
(p<0.001) and in the outcome of patients who survived 
(p<0.01). As the prevalence of cancer continues to rise 
globally, the demand for intensive care unit (ICU) admission 
among cancer patients has grown, necessitating a 
comprehensive understanding of the clinical features and 
prognostic factors associated with this unique population 
[17, 18]. Several studies have investigated the clinical 
features that characterize cancer patients requiring ICU 
admission [19, 20]. A retrospective analysis found that 
hematologic malignancies, particularly acute leukemia, 
were associated with a higher likelihood of ICU admission 
compared to solid tumors. This underscores the 
heterogeneity of cancer types and their distinct impact on 
critical illness [21]. Likewise, chemotherapy-induced 
complications have also emerged as signi�cant 
contributors to ICU admissions among cancer patients. 
Studies have highlighted the role of treatment-related 
immunosuppression, suggesting a complex interplay 
between cancer therapies and susceptibility to severe 
infections [22]. A study demonstrated that higher 
Sequential Organ Failure Assessment (SOFA) scores on ICU 
admission were associated with increased mortality 
among cancer patients [23]. Similar to this study, the 
presence of sepsis further complicates the prognosis for 
cancer patients in the ICU. Recent meta-analyses 
underscored the association between sepsis and higher 
mortality rates, emphasizing the need for prompt 
recognition and targeted management of infectious 
complications. Additionally, the effectiveness of cancer 
treatment has been implicated as a pivotal determinant of 
outcomes [24]. A review highlighted the importance of 

D I S C U S S I O N

Cancer patients requiring ICU admission showed distinct 

clinical patterns based on malignancy type. Patients with 

hematological malignancies had longer pre-ICU hospital 

stays, higher in�ammatory markers, and a greater burden 

of sepsis and organ dysfunction. In contrast, patients with 

solid tumors demonstrated better survival outcomes. 

These �ndings highlight the prognostic signi�cance of 

malignancy type and associated clinical parameters in 

guiding risk strati�cation and ICU management.
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Vasopressor use 31 (38.27 %)

30 (37 %)

20 (24.7 %)

19 (23.46 %)

16 (19.75 %)

15 (18.5 %)
Final Outcome

Survived

Died

*<0.010

0.230
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The issue of sternotomy wounds is a continued challenge in cardiac and thoracic vascular 

surgery, especially in patients who have various comorbidities and are infected. Functional 

morbidity is linked to traditional muscle �aps that are effective. IMAP �ap provides an 

alternative to other conventional �aps and the internal mammary perforator (IMAP) �ap, which 

maintains muscle functionality while also producing well-vascularized tissue. Objectives: To 

determine the clinical results of the internal mammary artery perforator �ap to reconstruct 

presternal and mediastinal sternotomy wound defects. Methods: This prospective 

observational study was conducted during the period of August 2024 and February 2025 at the 

Department of Plastic Surgery, Jinnah Burn Reconstruction Surgery Centre/Allama Iqbal 

Medical College. Institutional ethical approval was obtained No.6117/ED/JB&RSC . Results: In 

this study, the mean age of the cases was 56.4 ± 10.8 years. There were 21 (70%) males and 9 

(30%) females enrolled. Complete reconstructive success was achieved in 10 patients, partial 

success was achieved in 15on 29th July 2024 patients, and non-healing wounds were found in 5 

patients. Recurrent infection was found in 5 patients (16.7%), and mortality associated with 

sepsis was observed in 4 patients (13.3%). Conclusions: IMAP �ap is a secure reconstruction of 

the defects present on the presternal and mediastinal sternotomy wounds, which has a good 

healing outcome even in high-risk patients. IMAP �ap is a better alternative to the conventional 

muscle �ap for chest wound coverage.
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Sternal wound dehiscence during cardiac surgery is a 
signi�cant complication, affecting 1% of patients having 
coronary artery bypass grafting [1]. A prevalent cause is 
wound infection; nonetheless, mechanical dehiscence of 
the skin may sometimes transpire, especially in situations 
with heightened chest wall movement (e.g., patients 
experiencing respirator y crisis) [2]. The primar y 
therapeutic approach is surgical debridement of necrotic 
tissues, followed by the extraction of sternal cables. 

Following wound debridement, negative pressure wound 
therapy (NPWT) is used until closure by tertiary aim is 
achieved. At this juncture, soft tissue must be translocated 
into the incision as a �ap to facilitate healing [3]. 
Conventional reconstructive �aps, including pectoralis 
�aps, are either ineffective in covering the entire defect or 
necessitate laparotomy in the case of the omental �ap as a 
sternal wound closure [4]. To repair large incisions, it is 
necessary to employ several �aps in conjunction, as each 



�ap is insu�cient to cover the entire length of a sternal 
defect, despite its effectiveness in addressing signi�cant 
weaknesses [5]. Furthermore, the atrophy of these 
muscles may result in functional de�cits, possible hernias 
(particularly of the rectus muscle), seromas, and further 
complications. Moreover, signi�cant dissection of the 
pectoral muscles at that level may impede chest mobility 
during the postoperative period owing to discomfort. 
Alternative therapeutic modalities include topical negative 
pressure therapy to facilitate wound healing [6]. A recent 
technique for closing sternal wounds is the deep superior 
epigastric perforator (DSEP) �ap [7, 8]. Using a single 
perforator from the DSEP and rotating it 90 degrees, this 
fasciocutaneous perforator �ap may successfully repair 
large defects. Among the documented bene�ts are the 
potential for a hidden submammary incision in females, 
muscle function retention, and less dissection [9]. It is 
necessary to have an intact internal mammary artery (IMA) 
axis, as the DSEP �ap's maximal harvesting length restricts 
its application. This article delineates the utilisation of the 
internal mammary artery perforator (IMAP) �ap to 
reconstruct various presternal and mediastinal lesions 
under speci�c circumstances [10]. The primary bene�t is 
that a single fasciocutaneous or musculocutaneous IMAP 
�ap can effectively address any three-dimensional 
s te r n o to m y  wo u n d  d efe c t .  P r ev i o u s l y  u s e d  fo r 
tracheostoma, head and neck reconstruction, and 
correcting moderate to medium-sized chest wall 
abnormalities after tumour excision, the IMAP �ap is 
reliable and well-researched. In a selected group of non-
infected wounds with a stable sternal wound, Lupon et al. 
employed the IMAP �ap in both fasciocutaneous and 
musculocutaneous designs to reconstruct sternal wound 
dehiscence [11]. Likewise, in a case of anterior chest wall 
defects, the IMAP �ap was proven to be a reliable and 
effective procedure with minimal donor-site morbidity and 
good healing [12].
Despite advancements in reconstructive techniques for 
post-sternotomy wound defects, the optimal method that 
balances effective wound coverage with minimal 
functional morbidity remains inadequately de�ned. 
Traditional muscle �aps, although reliable, are associated 
with donor-site morbidity and impaired muscle function. 
Recently, perforator-based �aps such as the IMAP �ap 
have emerged as promising alternatives; however, the 
available literature is limited, with few prospective studies 
and insu�cient comparative data evaluating their clinical 
outcomes, reliability, and complication rates, particularly 
in resource-limited settings. Moreover, there is a lack of 
regional data assessing the effectiveness of IMAP �aps in 
diverse patient populations with varying comorbidities. 
Therefore, further evidence is required to establish the 
clinical utility and outcomes of IMAP �ap reconstruction in 

PJHSL VOL. 7 Issue. 06 June 2026
141

Copyright © 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

M E T H O D S

This prospective observational study was conducted at the 
Department of Plastic Surger y, Jinnah Burn and 
Reconstructive Surgery Centre, Allama Iqbal Medical 
College, Lahore, after obtaining institutional ethical 
approval (No. 6117/ED/JB&RSC, dated 29th July 2024). This 
study was conducted from August of 2024 to February of 
2025. A sample size of 30 patients was determined using 
the single population proportion formula, based on an 
expected success rate of 70% as determined in previous 
literature, an 80% con�dence level (Z = 1.96), and a margin 
of error of 10% [13]. Patients aged 45–80 years who 
developed sternotomy wound complications following 
open heart surgery and required soft tissue reconstruction 
were included in the study using a consecutive sampling 
technique. Patients who had wounds on the chest wall that 
were not associated with post-sternotomy complications, 
traumatic chest wall defects, malignant wounds, medical 
contraindications for reconstruction surgery, or who 
declined to have reconstruction surgery were not included. 
Informed consent was obtained from all participants in 
writing before screening. The study population included 22 
males and 8 females, that is, 2.75:1. Previous surgical 
operations performed on the patients included 2 patients 
who had received a carotico-subclavian bypass, 3 patients 
who had received a thoracic endoprosthesis after a 
carotico-subclavian bypass, 5 patients who had undergone 
combined cardiac valve replacement and coronary artery 
bypass grafting (CABG), and 20 patients who had received 
isolated CABG. The majority of patients had several 
comorbidities such as diabetes mellitus, hypertension, 
ischemic heart disease, and immunosuppression. Sternal 
wound dehiscence was evaluated using the Pairolero and 
Arnold classi�cation scale as part of the pre-operative 
evaluation. The Type II wounds were intermediate 
infections that were seen during 2-3 weeks after surgery 
and included drainage, cellulitis, and mediastinitis, while 
the Type III wounds were late infections months or years 
after surgery with chronic sinus tracts or osteomyelitis. 
Patients were also classi�ed by the American Society of 
Anesthesiologists (ASA) Physical Status Classi�cation 
System (PSCS) I-VI [14]. Internal mammary artery 
perforators were preoperatively located using handheld 
Doppler ultrasonography, with a dominant perforator 

sternotomy wound management. This research will clarify 
our experience with the internal mammary artery 
perforator �ap for managing sternotomy wounds and 
provide a novel approach for correcting these issues. This 
study aimed to evaluate the clinical outcomes associated 
with the use of the IMAP �ap in patients with sternotomy 
wound defects, particularly with respect to wound healing, 
infection control, and postoperative complications.
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typically found in the second or third intercostal space 1–2 
cm from the sternal border. Depending on the nature of the 
defect, the IMAP �ap was raised as a fasciocutaneous �ap. 
The skin paddle was elevated subfascial/subcutaneously 
from lateral to medial until the perforator was located, with 
preservation or minimal skeletonization of the perforator, 
which enabled safe skin paddle rotation. A portion of the 
pectoralis major muscle was attached to the �ap in 
patients with mediastinal defects and substantial dead 
space, with the IMAP system maintaining perfusion. The 
�ap was usually turned around 90 degrees, and donor sites 
were primarily closed in all patients. Each procedure was 
carried out by the same experienced plastic surgeon. 
Patients with suspected fungal wound infection based on 
clinical presentation or non-resolving infection underwent 
microbiological assessment, including direct microscopy 
and fungal culture, to guide appropriate antimicrobial 
management. Postoperative management was performed 
as per institutional protocols, which included culture-
directed antibiotic therapy. Microbiological examination 
consisted of direct microscopy and KOH preparation 
(fungal identi�cation). Where necessary, calco�uor white 
staining was used under ultraviolet light for better 
visualization of fungal elements. Selected cases were also 
con�rmed by fungal culture, histopathology, serological 
assays, and molecular diagnostic techniques. The results 
of the study were classi�ed as success, partial success, 
non-healing, and recurrent infection. Complete primary 
wound healing after surgery was deemed a success. Partial 
success was de�ned as wounds that became infected but 
were treated conservatively. Non-healing was considered 
as having a chronic chest wound that caused infection and 
osteomyelitis for more than three months. Recurrent 
infection was de�ned as when infection returned to a 
previously healed wound within 3 months. 
The data were entered and analyzed in SPSS version 26.0. 
Data analyzed quantitatively were presented as mean ± SD, 
and qualitative data were presented as frequency and 
percentage. Descriptive analysis was conducted.

outcomes. In this study, the mean age of the cases was 56.4 
± 10.8 years; there were 21 (70%) males and 9 (30%) females 
enrolled. In this study, there were 18 (60%) diabetic, 26 
(86.7%) hypertensive, 23 (76.7%) patients with ischemic 
heart disease, 7 (23.3%) immunosuppression, 11 (36.7%) 
patients with fungal infection enrolled (Table 1).

Table 1: Demographic Characteristics and Comorbidities (n=30)
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A total of 30 patients who were reconstructed using an 
internal mammar y arter y perforator �ap to treat 
complicated sternotomy wounds. The average age of the 
population under study was 56.4 ± 10.8 years, with the 
largest number of patients falling within the 45-54 years 
category. The majority of patients were male (70%), and 
females made up 30% of the patients. The comorbid 
conditions were very high. The most common risk factors 
were hypertension and ischemic heart disease (86.7% and 
76.7%), and then diabetes mellitus (60%). Fungal infection 
(36.7%) and immunosuppression (23.3%) had a smaller 
percentage of patients reported to affect wound healing 

R E S U L T S

Variables n (%) / Mean ± SD

56.4 ± 10.8

13 (43.3%)

6 (20%)

7 (23.3%)

4 (13.3%)

21 (70%)

9 (30%)

18 (60%)

26 (86.7%)

23 (76.7%)

7 (23.3%)

11 (36.7%)

Age (years)

45–54 Years

55–64 Years

65–74 Years

≥75 Years

Male

Female

Diabetes Mellitus

Hypertension

Ischemic Heart Disease

Immunosuppression

Fungal Infection

Age Categories

Gender

Others

As to the main surgical procedure, the most frequent 
indication was the coronary artery bypass grafting (CABG) 
with two-thirds (66.7 percent), and the second reason was 
the combined valve replacement with CABG (20 percent). 
The patients who had undergone carotico-subclavian 
bypass or thoracic endoprosthesis were few. Mediastinal 
defects were a bit more present (53.3%) than presternal 
defects (46.7%). Most of the patients were ASA grade III 
(46.7%), which is moderate anesthetic risk, and ASA grade 
II and IV were 36.7% and 16.7%, respectively (Table 2). 

Table 2: Operative and Defect-Related Findings

Variables n (%)

Original Cardiac / Vascular Procedure

CABG

Valve Replacement + CABG

Carotico-Subclavian Bypass

Thoracic Endoprosthesis Procedure

20 (66.7%)

6 (20%)

3 (10%)

3 (10%)

Presternal

Mediastinal

Grade II

Grade III

Grade IV

Type of Defect

ASA Grade

14 (46.7%)

16 (53.3%)

11 (36.7%)

14 (46.7%)

5 (16.7%)

In the patients who underwent reconstruction, partial 
success was the most common reconstructive outcome 
(50%), followed by complete success (33.3%). A lesser 
number of patients (5, 16.7%) were left with non-healing 
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wounds after reconstructive surgery, suggesting a lower 
rate of wound failure. In terms of general clinical results, 
most patients (21 cases, 70%) had healed wounds, 
indicating good wound healing in a majority of the 
participants after surgery. However, there was a small 
number of patients who developed recurrent infection (5, 
16.7%) and several patients who died from sepsis (4, 13.3%), 
showing that  there were serious postoperative 
complications in a subset of patients (Table 3).
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Table 3: Reconstructive Procedure Success and Overall Outcome

Outcomes n (%)

Reconstructive Outcome

Overall Clinical Outcome

Success

Partial Success

Non-Healing Wound

Healed wound

Recurrent infection

Death due to sepsis

10 (33.3%)

15 (50%)

5 (16.7%)

21 (70%)

5 (16.7%)

4 (13.3%)

D I S C U S S I O N

The IMAP �ap has transitioned from its original 
characterizat ion as  a  per forator  �ap using the 
deltopectoral axis for tracheostomal repair to a 
multifaceted solution for many anterior chest and neck 
abnormalities [15]. Subsequent studies have shown its 
reliability in addressing minor to moderate-sized lesions 
with little donor-site morbidity. This prospective 
multicenter research has shown that the IMAP �ap is a 
reliable reconstructive solution for presternal and 
mediastinal sternotomy wound defects in a high-risk 
population [16]. The majority of patients �nally attained 
wound healing despite considerable comorbidities and 
active infection, demonstrating the ability of this �ap to 
provide well-vascularized tissue to impaired surgical areas 
[17]. The advantageous results seen may be ascribed to 
many technical and anatomical bene�ts of the IMAP �ap. 
The perforator-based design facilitates primary closure of 
the donor site, prevents exposure of deeper holes, and 
reduces functional loss relative to conventional muscle 
�aps [18, 19]. In contrast to the pectoralis major, rectus 
abdominis, or omental �aps, the IMAP �ap may rebuild the 
whole extent of a sternotomy lesion from the suprasternal 
notch to the xiphisternum with less dissection and 
decreased morbidity. This characteristic makes it 
especially appealing for stable patients with infected 
sternotomy wounds and defect widths of up to 7 cm, a 
group for which the IMAP �ap may be regarded as a primary 
reconstructive alternative [13]. Nonetheless, its use is 
restricted in individuals necessitating vasopressor 
assistance, and the resultant subclavicular scar may be 
seen as less acceptable by younger female patients. This 
work broadens the use of the IMAP �ap in sternotomy 
wo u n d  r e s t o r a t i o n  b y  i m p l e m e n t i n g  i t  i n  b o t h 
fasciocutaneous and musculocutaneous forms, according 
to the defect's depth. Fasciocutaneous IMAP �aps offered 
enhanced shape and skin compatibility for presternal 
defects but exhibited heightened vulnerability to pedicle 
torsion and distal venous compromise, notwithstanding 

A chronic post-sternotomy wound four months after 
coronary artery bypass grafting is shown, followed by 
surgical debridement and �ap planning. The internal 
mammary artery perforator is identi�ed (arrow) and 
incorporated into the �ap design. The �ap is then inset over 
closed-suction drains to achieve stable coverage of the 
sternal defect, with a six-month follow-up image 
demonstrating complete wound healing and durable soft-
tissue reconstruction (Figure 1).

Figure 1: A Chronic Post-Sternotomy Wound Four Months After 

Coronar y Arter y Bypass Grafting Followed by Surgical 

Debridement and Flap Planning

A second patient presenting with chronic discharging 
sinuses over the sternum is shown. Following surgical 
debridement, �ap markings are demonstrated. A 
combined musculofasciocutaneous �ap based on the 
internal mammary artery perforator is raised and rotated to 
cover the defect, with the �nal image showing successful 
insetting of the �ap and restoration of soft-tissue 
continuity (Figure 2).

Figure 2: Patient Presenting with Chronic Discharging Sinuses 

Over the Sternum
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preoperative perforator identi�cation. The delayed 
elevation of the fasciocutaneous �ap appeared to enhance 
survival, possibly due to gradual expansion of the 
perforator over time. A direct comparison between 
fasciocutaneous and musculocutaneous variations was 
impracticable due to the limited sample size; nonetheless, 
indirect evidence suggests greater reliability of the 
musculocutaneous IMAP �ap [20]. Anatomical factors help 
explain the observed disparities among �ap forms. The 
suprafascial width of the internal mammary artery 
perforator is less than that of its deeper submuscular 
portion, making it more vulnerable to torsion-related 
damage when used as a solely fasciocutaneous �ap [11]. 
Finelle and colleagues showed that the length of the 
second IMAP approximately doubles when traced to its 
origin, with similar results for the �rst and third perforators 
[12]. Extended perforator dissection or the retention of a 
minor segment of the pectoralis major muscle may 
therefore decrease torsional stress and improve �ap 
d e p e n d a b i l i t y,  e s p e c i a l l y  fo r  fa s c i o c u t a n e o u s 
con�gurations. Despite these advantages, there are 
inherent weaknesses of the IMAP �ap, including a limited 
range of motion, the need for precise perforator dissection, 
and the inability to cover large or complicated defects. 
These restrictions indicate the necessity of careful patient 
selection and surgical planning [21]. The main strengths of 
this study are that it has a prospective design as well as 
multicenter participation, and it has a uniform surgical 
procedure, whereas the main weaknesses include the 
small sample size and lack of a comparison control group. 
To de�ne the best indicators, maximize the technology 
modi�cations, and clarify the importance of the IMAP �ap 
in the reconstruction algorithms of sternotomy wound 
issues, future studies with larger cohorts and comparative 
designs are needed. 
This study was conducted at a single center with a lack of 
randomization, which may introduce bias and limit the 
external validity of the results; the relatively small sample 
size may limit the generalizability of the �ndings and 
reduce the statistical power. Short follow-up duration 
restricts the assessment of long-term outcomes, including 
�ap durability and late complications. No control or 
comparison group limits the ability to directly compare the 
effectiveness and complication rates of the IMAP �ap with 
other established reconstructive techniques. Additionally, 
potential  confounding variables such as patient 
comorbidities (e.g., diabetes, obesity, smoking status) 
were not fully controlled or strati�ed. Future studies 
should include larger,  multicenter samples, and 
randomized controlled trials with longer follow-up periods 
to improve the generalizability and robustness of the 
�ndings.  Further comparative studies between IMAP �aps 
and conventional muscle �aps are warranted to establish 
standardized guidelines for optimal management of 
sternotomy wound defects.

IMAP �ap is a secure reconstruction of the defects present 

on the presternal and mediastinal sternotomy wounds, 

which has a good healing outcome even in high-risk 

patients. IMAP �ap is a better alternative to the 

conventional muscle �ap for chest wound coverage.
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Seborrheic dermatitis (SD) is a chronic in�ammatory disorder, especially including the peri-

orbital region, which leads to different types of ocular surface abnormalities. Objective: To 

assess the prevalence and pattern of ocular manifestations in patients having facial SD and to 

evaluate its correlation with the severity of disease. Methods: An analytical case-control study 

was conducted from January 2024 to June 2025 in the Department of Dermatology and 

Ophthalmology at Al-Tibri Medical College and Hospital. Ninety-one patients with clinically 

diagnosed facial SD and ninety-one age and sex-matched healthy controls were enrolled in the 

study. All participants underwent a detailed ophthalmic examination, including TBUT, 

Schirmer's test, and slit-lamp evaluation. Data were analyzed by using SPSS version 26.0, and a 

p-value < 0.05 was taken as statistically signi�cant. Results: Ocular symptoms were reported in 

68.1% SD patients compared to 30.8% in controls (p < 0.001). Lid margin telangiectasia (50.5%), 

conjunctival hyperemia (48.4%), and meibomian gland dysfunction (57.1%) were signi�cantly 

more common in SD patients (all p<0.001). Mean TBUT (6.2 ± 2.1 s) and Schirmer's scores (9.5 ± 4.3 

mm) were lower in SD patients than in controls (13.1 ± 3.9 s and 14.8 ± 4.5 mm; p < 0.001). Disease 

severity showed a strong negative correlation with TBUT and Schirmer's test and a positive 

correlation with ocular surface staining (p < 0.001). Conclusion: Facial seborrheic dermatitis is 

frequently associated with signi�cant ocular involvement. Early ophthalmologic evaluation is 

recommended.
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Seborrheic dermatitis (SD) is a chronic, relapsing 
in�ammatory skin disorder which mainly involves 
sebaceous gland–rich areas like the scalp, eyebrows, 
nasolabial folds, retroauricular regions, and upper chest. It 
usually presents with erythematous, greasy, scaly patches, 
and patients often complain of itching and irritation, 
although the severity is not the same in all cases. The 
condition affects around 5% of the adult population 
worldwide. Higher prevalence has been reported in 
immunocompromised individuals and also in patients 

having neurological disorders such as Parkinson's disease 
and epilepsy [1]. Although SD is generally considered a 
dermatological condition, it is now becoming evident that 
its effects are not limited to the skin only. In recent years, 
ocular involvement has been increasingly recognized, 
particularly affecting eyelid margins and tear �lm stability. 
The periorbital region is commonly affected, likely due to 
dense sebaceous glands and their close anatomical 
relation with the ocular adnexa. In routine clinical practice, 
it is often seen that persistent facial in�ammation extends 



towards eyelid margins and sometimes involves the 
meibomian glands as well [2, 3]. This extension has clinical 
importance; some recent studies have suggested that SD 
may contribute to blepharitis and meibomian gland 
dysfunction (MGD),  both of which are important 
contributors to evaporative dry eye disease (DED) [4]. One 
important issue is that early ocular involvement is usually 
mild and often remains unnoticed either by dermatologists 
or even ophthalmologists. Despite this, patients may still 
complain of dryness, burning sensation, and �uctuating 
vision, which sometimes appear more disturbing than 
expected [5]. The pathogenesis of SD is not completely 
understood and is likely multifactorial. It involves 
Malassezia species, disturbance in lipid metabolism, 
in�ammatory response, and genetic predisposition [6]. In 
an ocular context, Malassezia organisms have also been 
isolated from eyelid margins and meibomian gland 
secretions, which supports the concept that similar 
pathological mechanisms may also affect ocular tissues 
[7]. Chronic in�ammation in these areas may lead to 
hyperkeratinization and blockage of gland ori�ces, 
eventually causing impairment of meibomian gland 
function and tear �lm instability. Apart from mechanical 
blockage, in�ammatory mediators produced in SD may 
further worsen the ocular surface condition. These 
mediators contribute to epithelial injury, increased tear 
osmolarity, and subtle corneal surface changes, even when 
clinical signs are not very prominent [8]. Amitay-Laish et al. 
studied meibomian gland morphology using meibography 
and reported signi�cantly more gland dropout with 
reduced tear breakup time (TBUT) in SD patients as 
compared to healthy controls [9]. Their �ndings suggest 
that ocular involvement is not incidental but part of the 
disease process. Similarly, Sampogna et al. observed 
higher eyelid margin scores, increased �uorescein 
staining, and more ocular surface damage in SD patients 
compared to those dry eye patients who do not have SD 
[10]. These observations further support that SD-related 
ocular changes are an extension of the same in�ammatory 
process affecting both skin and ocular adnexa. At the 
mechanistic level, the in�ammatory cascade in SD is 
thought to occur due to an imbalance between commensal 
and pathogenic microbes, particularly Malassezia furfur. 
These organisms produce lipase enzymes, which modify 
sebaceous secretions and generate pro-in�ammatory 
fatty acids, leading to local irritation [11]. In the periocular 
region, this irritation may extend towards eyelid structures. 
H i s to p a t h o l o g i c a l  ex a m i n a t i o n  t y p i c a l l y  s h ows 
parakeratosis, follicular plugging, and in�ltration of 
lymphocytes and macrophages, which con�rms the 
in�ammatory nature of the disease [12]. When this process 
involves ocular adnexa, the meibomian glands become 
functionally impaired. This results in reduced lipid 
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M E T H O D S

This study was carried out jointly in the Department of 
Dermatology and Ophthalmology at Al-Tibri Medical College 
and Hospital during the period from January 2024 to June 
2025, after obtaining ethical approval from the Institutional 
Review Board (ATMC/IERC/13th (01-2023)/27, dated 22nd 
May 2023). Written informed consent was taken from all 
participants before their inclusion in the study, and 

secretion, increased tear evaporation, and destabilization 
of the tear �lm [13]. Clinically, patients with facial SD may 
present with eyelid redness, crusting, lash debris, and �ne 
telangiectasia resembling features of anterior or posterior 
blepharitis. With longer disease duration, conjunctival 
congestion, punctate epithelial erosions, and occasionally 
corneal involvement may also be seen [14]. Although these 
ocular changes are usually mild to moderate, they should 
not be ignored.  Symptoms may persist  and can 
signi�cantly affect patient comfort and visual quality. In 
some cases, especially when the disease is prolonged, 
secondary bacterial infection may occur, further 
worsening in�ammation and tissue damage. Despite 
increasing recognition of this association, there is still 
limited data describing the complete pattern of ocular 
involvement in SD, particularly in South Asian populations. 
Regional factors such as environment, skin phototype, and 
treatment practices may in�uence disease presentation 
and outcome. Most of the available literature mainly 
focuses on cutaneous features, while detailed ophthalmic 
evaluation and tear �lm assessment are relatively less 
studied [15]. Alo� et al. in a recent review, reported that 
ocular involvement in SD ranges between 10% to 40%, 
which is quite a wide variation. This difference is likely due 
to heterogeneity in study populations and diagnostic 
methods [12]. The authors also emphasized that 
c o l l a b o r a t i o n  b e t w e e n  d e r m a t o l o g i s t s  a n d 
ophthalmologists is important for early detection and 
better management of ocular manifestations. From a 
clinical point of view, recognizing ocular involvement in SD 
is important. If not properly managed, persistent 
in�ammation may lead to chronic irritation, recurrent 
conjunctivitis, and, in severe cases, keratitis. Additionally, 
topical treatments used for SD, including corticosteroids 
and antifungal agents, may have ocular side effects when 
applied near the periocular region; careful use and follow-
up are required [16, 17].
Despite the growing evidence, region-speci�c data 
regarding the prevalence and pattern of  ocular 
manifestations in seborrheic dermatitis are still lacking, 
particularly from the South Asian region. Therefore, the 
present study aimed to evaluate the prevalence and 
pattern of ocular involvement in patients with facial SD and 
to assess its association with disease severity.
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con�dentiality of the data was maintained throughout. 
Patients aged 18 years and above, who were clinically 
diagnosed with facial seborrheic dermatitis, were included 
in this study. The diagnosis of seborrheic dermatitis was 
made based on classical clinical �ndings, including 
erythematous patches with greasy scales, mainly affecting 
sebaceous gland–rich areas such as the scalp, eyebrows, 
nasolabial folds, and periocular region. Patients having 
pre-existing ocular diseases not related to seborrheic 
dermatitis, history of previous ocular surgery, contact lens 
users, or those with systemic conditions like diabetes 
mellitus, autoimmune disorders, or thyroid dysfunction 
were excluded from the study, in order to reduce the 
confounding factors. Sample size was calculated by using 
the formula for cross-sectional studies: n = (Z² × p × q) / d², 
where Z value was taken as 1.96 for 95% con�dence 
interval, p was the expected prevalence of ocular 
involvement, which was assumed as 30% based on 
previous studies, q = 1 − p, and d was the allowable margin of 
error (7%). The calculated sample size comes out to be 
165.8, which was rounded, and after adding 10% non-
response rate, the �nal sample size became 182 patients. 
Although this study was designed as a case-control study, 
the sample size was calculated using a prevalence-based 
formula due to a lack of prior local data. All the enrolled 
patients were subjected to detailed dermatological and 
ophthalmological examination. The severity of seborrheic 
dermatitis was assessed by using the Seborrheic 
Dermatitis Area and Severity Index (SDASI). SDASI scores 
were categorized as mild (<8), moderate (8–16), and severe 
(>16). Complete ocular examination was performed by a 
t r a i n e d  o p h t h a l m o l o g i s t ,  w h o  w a s  b l i n d e d  t o 
dermatological severity grading. Visual acuity was checked 
with Snellen's chart, followed by slit lamp examination of lid 
margin, meibomian gland ori�ces, conjunctiva, and 
cornea. Lid margins were examined for the presence of 
telangiectasia, redness, crusting, and irregular margins. 
Tear �lm stability was evaluated by Tear Break-Up Time 
(TBUT) using �uorescein dye, and values below 10 seconds 
were taken as abnormal. Schirmer's Test was performed 
without the use of anesthesia to assess basal as well as 
re�ex tear secretion, and values less than 10 mm in 5 
minutes indicate dry eye disease. Ocular surface integrity 
was assessed by �uorescein staining, and grading was 
done according to the Oxford grading system. Meibomian 
gland dysfunction (MGD) was assessed by evaluating 
meibum quality and its expressibility, and grading was done 
on a 0–3 scale. All observations were recorded in a pre-
designed structured proforma. 
Data was analyzed using SPSS version 26.0 (IBM Corp., 
Armonk, NY, USA). Quantitative variables such as TBUT and 
Schirmer's test score were presented as mean ± standard 
deviation (SD), whereas categorical variables, including lid 

margin changes, conjunctival hyperemia, and corneal 
staining, were expressed in the form of frequencies and 
percentages. Comparison between mild, moderate, and 
severe seborrheic dermatitis groups was performed using 
one-way ANOVA for continuous variables, while the Chi-
square test was applied for categorical variables. 
Correlations between disease severity and ocular 
parameters were determined using Pearson's correlation 
coe�cient, and a p-value less than 0.05 was considered 
signi�cant. The study followed ethical standards of the 
Declaration of Helsinki, and con�dentiality of participants' 
data was strictly maintained. All participants were 
informed about their right to withdraw at any stage.

Table 1: Demographic and Clinical Characteristics of Study 

Participants (n=182)

Out of the total 182 participants, 91 were clinically 
diagnosed cases of facial seborrheic dermatitis, and 91 
were age and gender matched healthy controls. The mean 
age of patients was 39.1 ± 12.7 years, while that of controls 
was 37.9 ± 11.8 years, showing no signi�cant difference 
between the two groups. The male-to-female ratio was 
nearly similar, showing balanced gender representation in 
study groups. However, a considerably higher percentage 
of seborrheic dermatitis patients (68.1%) reported ocular 
discomfort as compared to only 21% of controls (p < 0.001) 
(Table 1).

R E S U L T S

Table 2: Comparison of Ocular Manifestations Between Cases 

and Controls (n=182)
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Age (years)

Gender

Controls
(n=91, %)

p-
value

Cases
(n=91, %)Variables

39.1 ± 12.7

56 (61.5%)

35 (38.5%)

62 (68.1%)

54 (59.3%)

37.8 ± 11.9

54 (59.3%)

37 (40.7%)

28 (30.8%)

20 (22.0%)

0.420

0.760

<0.001*

<0.001*

Male

Female

History of Ocular Discomfort

Itching/Burning around Eyelids

Independent Samples t-test & Chi-square test (χ²) *Statistically 

signi�cant (p < 0.05)

The ocular manifestations were found to be markedly more 
common among the seborrheic dermatitis group. Lid 
margin telangiectasia, conjunctival hyperemia, meibomian 
gland dysfunction, and lash crusting were seen much more 
frequently in cases than controls (all p < 0.001). These 
�ndings indicate a chronic in�ammatory process 
extending from the facial skin towards the ocular adnexa 
and lid margins (Table 2).

Ocular Finding Cases (n=91) Controls (n=91) p-value

Lid Margin Telangiectasia

Lid Margin Irregularity

Meibomian Gland Dysfunction

46 (50.5%)

40 (44.0%)

52 (57.1%)

14 (15.4%)

11 (12.1%)

16 (17.6%)

<0.001*

<0.001*

<0.001*
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χChi-square test ( ²) *Statistically signi�cant (p < 0.05)

Table 3: Comparison of Tear Film Parameters Between Cases and 

Controls (n=182)

D I S C U S S I O N

In this study, it was found that patients suffering from facial 
seborrheic dermatit is  (SD)  show notable ocular 
involvement when compared to healthy individuals. The 
frequency of lid margin telangiectasia, conjunctival 
hyperemia, meibomian gland dysfunction, and tear �lm 
instability was observed to be higher in SD patients, which 
indicates a close association between cutaneous 
seborrheic in�ammation and ocular surface pathology. 
Amitay-Laish et al. have reported that patients with 
seborrheic dermatitis had a signi�cantly higher rate of 
meibomian gland loss and dysfunction, as assessed by 
meibography for objective con�rmation [9]. The present 
study �ndings support their observation, as the majority of 
our SD cases demonstrated poor meibum quality along 
with shortened TBUT values. Similarly, a recent study 
conducted in Saudi Arabia by White et al. reported high 
prevalence of ocular surface changes, redness, and 
burning sensations in patients with seborrheic dermatitis, 
which emphasizes the requirement of ophthalmologic 
evaluation as a part of dermatological management [16]. 
On the local level, Awan et al. observed a strong association 
between seborrheic dermatitis and dry eye disease in the 
Pakistani population, where most of the affected patients 
had TBUT less than 8 seconds, which is quite comparable 
with our mean TBUT value of 6.2 seconds [18]. The 
decreased tear �lm stability and reduced Schirmer's 
scores in our study suggest that SD may affect both lipid 
and aqueous layers of the tear �lm, leading to mixed-type 
dry eye. This may be due to chronic in�ammation of the lid 
margins and meibomian glands, as also described by Chen 
et al. who showed a possible role of Malassezia species in 
meibomian gland in�ammation and ductal blockage [19]. In 
another report, Munie et al. found notable meibomian gland 
dropout and eyelid in�ammation in patients with 
seborrheic blepharitis, showing that chronic microbial and 
in�ammatory insult can signi�cantly affect gland function 
[20]. Interestingly, we found a strong negative correlation 
between disease severity and ocular surface parameters 
such as TBUT and Schirmer's test. This correlation has not 
been well explored in earlier local literature, but Alo� et al. 
recently reported similar �ndings in a tertiary-care study, 
where ocular surface damage was more evident in patients 
with moderate to severe facial dermatitis [12]. Such 
correlation supports the hypothesis that the severity of 
skin in�ammation directly in�uences ocular glandular 
function through local cytokine and microbial pathways. 
Local studies on dry eye prevalence in Pakistan have shown 
relatively lower rates in general populations (around 
18–20%), as reported by Khan et al. and Irfan. [21, 22]. 
The markedly higher rate of ocular involvement among our 
SD patients, therefore, re�ects a disease-speci�c risk 
factor rather than an environmental cause alone. Our data 
indicate that patients with facial seborrheic dermatitis 
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Conjunctival Hyperemia

Corneal Punctate Erosions

Ocular Surface Staining
(≥ Grade 1)

44 (48.4%)

24 (26.4%)

41 (45.0%)

12 (13.2%)

6 (6.6%)

10 (11.0%)

<0.001*

0.001*

<0.001*

Evaluation of tear �lm and meibomian gland parameters 
showed that seborrheic dermatitis patients had 
signi�cantly reduced tear �lm stability and tear production 
when compared with the control group. The mean TBUT in 
cases was 6.2 ± 2.1 seconds as against 10.1 ± 2.8 seconds in 
controls (p<0.001). Similarly, the Schirmer's test value was 
lower in cases (9.5 ± 4.3 mm) than in controls (14.8 ± 3.6 mm, 
p<0.001). The mean corneal staining score was found to be 
higher in the seborrheic dermatitis group, suggesting the 
presence of surface epithelial damage, and the meibum 
quality score was also comparatively poorer, indicating 
underlying meibomian gland dysfunction (Table 3).

Cases
(n=91)

p-
value

TBUT (seconds)

Schirmer's Test (mm/
5 min) 

Ocular Surface Staining
Score (Oxford grade)

Parameter
Controls

(n=91)
Mean Difference

(95% CI)

−6.9 (−7.82- −5.98)13.1 ± 3.96.2 ± 2.1

−5.4 (−6.53- −4.27)14.8 ± 4.59.5 ± 4.3

0.8 ± 0.41.9 ± 0.8

+1.2 (1.03- 1.37)0.6 ± 0.31.8 ± 0.7

+1.1 (0.91 to 1.29)
Meibum Quality

(0–3 scale)

<0.001*

<0.001*

<0.001*

<0.001*

Independent Samples t-test *Statistically signi�cant (p < 0.05)

Correlation analysis reveals a strong negative relationship 
between severity of disease and tear �lm parameters (r = 
–0.61 for TBUT; r = –0.58 for Schirmer's test; both p < 0.001), 
which indicates that with increasing severity of seborrheic 
dermatitis, the tear �lm stability as well as tear secretion 
tends to decline signi�cantly (Table 4).

Table 4: Correlation Between Seborrheic Dermatitis Severity and 

Ocular Parameters Among Cases (n=91)

p-valueParameter
Pearson's Correlation

Coe�cient (r)

TBUT (seconds)

Schirmer's Test (mm/5 min)

Ocular Surface Staining

Meibomian Gland Dysfunction Grade

−0.61

−0.58

+0.63

+0.67

<0.001*

<0.001*

<0.001*

<0.001*

These overall �ndings highlight that facial seborrheic 
dermatitis is not only limited to a skin disorder but also has 
signi�cant ocular involvement, affecting eyelid margins, 
tear �lm, and meibomian glands. Therefore, early detection 
along with timely treatment of ocular changes in such 
patients is important to prevent the development of 
chronic ocular irritation and possible long-term ocular 
surface-related complications.
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should be considered at high risk for ocular surface disease 
even if they are asymptomatic. Clinically, these �ndings 
suggest that dermatologists should work in coordination 
with ophthalmologists for early detection of ocular 
involvement in SD cases. Regular lid hygiene, proper 
control of facial in�ammation, and use of ocular lubricants 
can help to reduce patient discomfort and may prevent 
progression to chronic ocular surface damage. In cases 
with moderate to severe disease, the addition of anti-
in�ammatory therapy targeting both skin and eyelid may 
also be bene�cial. Some limitations of this study should be 
considered. The study was hospital-based and cross-
sectional in design; the temporal relationship could not be 
fully established. We also did not perform meibography or 
lipid layer interferometry in all participants, which might 
have provided more detailed information regarding gland 
morphology. However, the clinical �ndings observed in this 
study remain strong and are largely consistent with 
previously published studies, both at the regional and 
global levels.

Facial seborrheic dermatitis is signi�cantly associated 

with ocular surface abnormalities. Facial seborrheic 

dermatitis is not only limited to a skin disorder but also has 

signi�cant ocular involvement, affecting eyelid margins, 

tear �lm, and meibomian glands. Increasing disease 

severity correlates with worsening ocular parameters.
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Non-alcoholic fatty liver disease is a rapidly growing public health concern worldwide and is 

closely associated with metabolic and cardiovascular risk factors. Objectives: To determine the 

frequency and demographic associations of metabolic and cardiovascular risk factors among 

patients with NAFLD. Methods: This analytical cross-sectional study was conducted at the 

Department of Medicine, Fazaia Ruth Pfau Medical College, Base Faisal, Karachi, from June 

2025 to December 2025. A total of 121 patients with NAFLD were enrolled through consecutive 

sampling. Diagnosis was based on elevated alanine aminotransferase levels and 

ultrasonographic evidence of fatty liver. Patients with signi�cant alcohol intake, viral hepatitis, 

or other chronic liver diseases were excluded. Results: The mean age of the patients was 

37.18±10.30 years, with a mean BMI of 27.27±4.27 kg/m², and a predominance of males (80.2%). 

Diabetes mellitus was present in 16.5% of patients, hypertension in 15.7%, and ischemic heart 

disease in 5.8%. Dyslipidemia was frequently observed, with hypertriglyceridemia in 47.1% and 

hypercholesterolemia in 27.3%, while obesity was identi�ed in 31.4% of cases. A signi�cant 

association was observed between age greater than 40 years and the presence of diabetes, 

hypertension, and ischemic heart disease (p<0.001). Conclusion: NAFLD is strongly associated 

with metabolic risk factors, particularly dyslipidemia and obesity, with a signi�cant clustering of 

cardiovascular comorbidities in older individuals. 
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The liver disease associated with excess fat in the liver cells 
is called non-alcoholic fatty liver disease (NAFLD) [1] and is 
a spectrum of liver diseases characterized by the presence 
of excessive fat in the liver cells, but no signi�cant alcohol 
consumption. It is the most common chronic liver disease 
in the world and is often diagnosed as a coincidence during 
imaging of unrelated diseases [2]. The condition ranges 
from the mildest steatosis to the more complicated non-
alcoholic steatohepatitis (NASH), after �brosis, cirrhosis, 

and hepatocellular carcinoma (HCC) [3]. NAFLD is highly 
associated with metabolic dysfunction, and hence 
becomes more than a liver-related condition but also 
emerges as a system-related illness with tremendous 
cardiovascular as well as overall health effects [4]. Various 
metabolic and cardiovascular comorbidities are risk 
factors for NAFLD, the strongest being diabetes mellitus 
[5]. Insulin resistance is directly responsible for fat 
accumulation and in�ammatory changes in the liver as well 



as the progression of steatosis to NASH [6]. NAFLD is a 
common problem in patients with hypertension and IHD 
because there are similarities in the pathophysiological 
pattern in metabolic syndrome and liver disease [7]. The 
co-morbidities stem from the fact that NAFLD is a systemic 
disease, in which liver lesions are associated with 
endothelial dysfunction, chronic in�ammation and 
oxidative stress, and these conditions are linked to 
cardiovascular mortality and morbidity [8]. The risk and the 
size of NAFLD are maintained by obesity and dyslipidaemia 
[9]. Other factors such as central obesity increase the �ux 
of free fatty acids into the body through the liver, and 
hyperlipidaemia, high triglycerides, and low HDL increase 
the buildup of fat and liver damage [10]. The coagulation of 
the factors generates metabolic dysfunction cycle that 
puts one at risk of hepatic as well as extrahepatic 
manifestations [11]. Therefore, it is important to diagnose 
the risk factors in patients with incidental NAFLD when a 
scan is performed, as intervention through lifestyle 
modi�cation and targeted medication, if required, and 
measures reducing the cardiovascular risk, are valuable 
and prevent the progression of the liver disease and 
potential long-term consequences [12]. It was reported by 
Tunio et al. that among the patients with NAFLD, 33.9% 
were suffering from diabetes mellitus, 48.1% were 
suffering from hypertriglyceridemia, 28.1% were suffering 
from hypercholesterolemia, and 50.9% were obese [13]. A 
prevalence of around 30-33 % of NAFLD has been recently 
reported globally, and there was a signi�cant association 
with the metabolic risk factors, obesity, diabetes, and 
dyslipidaemia [14].
Non-alcoholic fatty liver disease has been known to have a 
close association with metabolic risk factors like diabetes, 
hypertension, obesity, and dyslipidaemia, but little regional 
evidence exists in the Pakistani population, especially in 
cases where the disease comes incidentally on ultrasound. 
Previous studies are largely concentrated on advanced or 
symptomatic cases, thus missing out on the early 
metabolic pro�le and demographic distribution of the 
incidental diagnosis of NAFLD. Further, the age- and 
gender-based associations of these risk factors have not 
been adequately studied in urban environments such as 
Karachi, where the disease patterns might be altered by 
fast lifestyle changes. Hence, the present study aimed to 
a ss e ss  t h e  p r eva l e n c e  of  m a j o r  m et a b o l i c  a n d 
cardiovascular risk factors in patients with incidentally 
detected NAFLD and their relationship with demographic 
factors to enable early risk strati�cation of the disease and 
to plan preventive measures. 

Medicine, Fazaia Ruth Pfau Medical College, Base Faisal, 
Karachi, under the reference no FRPMC-IRB-2023-14, 
dated 18 December 2024. The study comprised 121 patients 
diagnosed with non-alcoholic fatty liver disease (NAFLD). 
The sample size was determined using a 95% con�dence 
level and an 8% margin of error, considering an anticipated 
frequency of hypertriglyceridemia of 28.1% among 
patients with NAFLD [14], calculated through the WHO 
sample size calculator. Patients were selected using a non-
probability consecutive sampling technique. Participants 
were selected if they were males or females aged 18-75 who 
had high levels of alanine aminotransferase (ALT) and the 
presence of fatty liver as seen on ultrasound. Patients with 
signi�cant alcohol intake, positive serology for hepatitis B 
or hepatitis C virus, as well as those with other known 
chronic liver diseases (autoimmune, metabolic, drug-
induced), were excluded. Demographic and clinical data 
were gathered, informed consent obtained, and included 
age, sex, and body mass index (BMI). Laboratory tests were 
performed, including fasting and random blood sugar, 
fasting lipid pro�le (triglycerides and cholesterol), and liver 
function tests. Obesity was considered if the body mass 
index (BMI) was ≥30 kg/m². Diabetes mellitus was identi�ed 
by any of the following parameters: fasting blood glucose 
≥126 mg/dL, random blood glucose ≥200 mg/dL, and/or by 
the use of antidiabetic medications. Hypertension was 
de�ned as a double blood pressure measurement ≥140/90 
mmHg or if the patient was taking anti-hypertensive 
therapy. Hypertriglyceridemia was de�ned as a fasting 
triglyceride level of ≥150 mg/dL, while hypercholesterol 
was de�ned as a level of ≥200 mg/dL of fasting cholesterol. 
A history of angina or myocardial infarction recorded in the 
patient's medical history, or if the patient was prescribed 
an IHD medication, was considered ischemic heart disease 
(IHD).
IBM SPSS version 27.0 was used for data analysis. Data for 
continuous variables like age, BMI, blood sugar, and lipid 
values were presented as mean ± SD. Categorical variables 
like sex, diabetes, hypertension, IHD, hypertriglyceridemia, 
hypercholesterolemia, and obesity were reported as 
frequencies and percentages. The Chi-square test was 
used for the analysis of categorical variables, but Fisher's 
exact test was used when the expected cell count was less 
than 5. A p-value of <0.005 was considered to be 
statistically signi�cant.
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M E T H O D S

This analytical cross-sectional study was performed from 
June 2025 to December 2025 at the Department of 
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The study comprised 121 patients with a mean age of 37.18 ± 
10.30 years and body mass index (BMI) of 27.27 ± 4.27 kg/m². 
Laboratory results revealed increased liver enzymes, with 
alanine transaminase (ALT) at 51.14 ± 16.17 U/L, aspartate 
transaminase (AST) at 45.31 ± 14.56 U/L, gamma-glutamyl 
transferase (GGT) at 52.28 ± 20.96 U/L, and alkaline 
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Table 1: Patient Demographics

phosphatase (ALP) at 98.82 ± 28.71 U/L. Glycemic status, as 
measured by hemoglobin A1c (HbA1c), was 5.79 ± 0.94%. 
Lipid pro�le results revealed triglycerides at 161.36 ± 70.43 
mg/dL and total cholesterol at 185.34 ± 30.41 mg/dL (Table 
1).
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Demographics Mean ± SD / n (%)

Age (years)

BMI (kg/m²)

ALT (U/L)

AST (U/L)

GGT (U/L)

AP (U/L)

HbA1c (%)

Sr. Triglycerides level (mg/dL)

Total Cholesterol (mg/dL)

Male

Female

37.18 ± 10.30

27.27 ± 4.27

51.14 ± 16.17

45.31 ± 14.56

52.28 ± 20.96

98.82 ± 28.71

5.79 ± 0.94

161.36 ± 70.43

185.34 ± 30.41

97 (80.2%)

24 (19.8%)

Gender

hypertension in 19 subjects (15.70%), and ischemic heart 
disease in 7 subjects (5.80%). Lipid abnormalities were also 
common among the subjects, where hypertriglyceridemia 
was found in 57 subjects (47.10%), hypercholesterolemia in 
33 subjects (27.30%), and obesity in 38 subjects (31.40%) 
(Table 2).

Analysis of the risk factors showed that there were 
differential prevalence rates among the study subjects, 
where diabetes mellitus was found in 20 subjects (16.50%), 

Table 2: Frequency of Risk Factors Among Patients with Non-

Alcoholic Fatty Liver Disease

n (%)Risk Factors Category

20 (16.5%)

101 (83.5%)

19 (15.7%)

102 (84.3%)

7 (5.8%)

114 (94.2%)

57 (47.1%)

64 (52.9%)

33 (27.3%)

88 (72.7%)

38 (31.4%)

83 (68.6%)

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Diabetes Mellitus

Hypertension

Ischemic Heart Disease

Hypertriglyceridemia

Hypercholesterolemia

Obesity

with no cases occurring in patients ≤40 years (0.0%) compared to 20 cases (45.5%) in those >40 years (p<0.001). Gender 
differences in diabetes prevalence were not statistically signi�cant, with 18 males (18.6%) and 2 females (8.3%) affected 
(p=0.358). Hypertension exhibited similar age dependency, occurring in only 1 patient ≤40 years (1.3%) versus 18 patients >40 
years (40.9%) (p<0.001), while gender distribution showed 18 males (18.6%) and 1 female (4.2%) with hypertension (p=0.117). 
Ischemic heart disease exclusively affected patients >40 years, with 7 cases (15.9%) in this age group and none in younger 
patients (p<0.001), with minimal gender variation between 6 males (6.2%) and 1 female (4.2%) (p=1.000) (Table 3).

Table 3: Association of Metabolic and Cardiovascular Characteristics with Demographic Factors

Variables Category ≤40 Years, n (%) >40 Years, n (%) p-value Male, n (%) Female, n (%) p-value

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

0 (0.0%)

77 (100.0%)

1 (1.3%)

76 (98.7%)

0 (0.0%)

77 (100.0%)

37 (48.1%)

40 (51.9%)

21 (27.3%)

56 (72.7%)

21 (27.3%)

56 (72.7%)

20 (45.5%)

24 (54.5%)

18 (40.9%)

26 (59.1%)

7 (15.9%)

37 (84.1%)

20 (45.5%)

24 (54.5%)

12 (27.3%)

32 (72.7%)

17 (38.6%)

27 (61.4%)

18 (18.6%)

79 (81.4%)

18 (18.6%)

79 (81.4%)

6 (6.2%)

91 (93.8%)

45 (46.4%)

52 (53.6%)

30 (30.9%)

67 (69.1%)

31 (32.0%)

66 (68.0%)

2 (8.3%)

22 (91.7%)

1 (4.2%)

23 (95.8%)

1 (4.2%)

23 (95.8%)

12 (50.0%)

12 (50.0%)

3 (12.5%)

21 (87.5%)

7 (29.2%)

17 (70.8%)

Diabetes Mellitus

Hypertension

Ischemic Heart Disease

Hypertriglyceridemia

Hypercholesterolemia

Obesity

<0.001*

<0.001*

<0.001*

0.783**

1.000**

0.195**

0.358*

0.117*

1.000*

0.751**

0.078*

0.792**

Diabetes mellitus showed a strong association with age, 

D I S C U S S I O N

The present study aimed to investigate the risk factors for 
NAFLD, as well as the relationship between NAFLD risk 
factors and demographic factors, revealing some clinically 
signi�cant patterns that are consistent with the 
pathophysiological mechanisms for NAFLD. Male 
predominance 97 (80.2%) in the present study might be 
attributed to higher prevalence of NAFLD among men 

which can be attributed to fat deposition and distribution in 
men, the role of hormones in men and women and lifestyle 
factors which include the role of testosterone, known to 
increase the risk for NAFLD by increasing visceral 
adiposity, and the role of estrogen which is known to exert 
protective effects through increasing insulin sensitivity 
a n d  r e g u l a t i n g  l i p i d  m e t a b o l i s m .  G i v e n  t h a t 
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range of 20-80% quoted by Akter [22]. This cross-
covariate resemblance among various populations further 
highlights the crucial contribution of lipid dysregulation in 
the pathogenesis of NAFLD and reinforces the mechanistic 
link between hepatic fat accumulation and triglyceride 
metabolism dysfunction. The non-signi�cant association 
between age and hypertriglyceridemia, as well as between 
gender and hypertriglyceridemia, in our study is contrary to 
some of the literature, but could be explained by the fact 
that this metabolic disturbance is common among all age 
groups and genders within the NAFLD patients. The 
prevalence of obesity (31.4%) in the current study was 
signi�cantly lower than most of the comparative studies, 
such as Kannan et al. [15] (66%), Huh et al. [18] (65.2%), and 
Tunio et al. [13] (80-90%). 
This study also has several limitations. First of all, it is a 
study based on one center, so it may not be generalized to 
the rest of the population. Secondly, the sample size in this 
study is small, which is 121 subjects, so it may be inadequate 
for this study. Finally, being a cross-sectional study, the 
study might restrict the ability to draw cause-effect 
conclusions about the multiple risk factors for non-
alcoholic fatty liver disease. Furthermore, the lack of a 
histopathological diagnosis could reduce the diagnostic 
accuracy. Large-scale, multicenter, prospective studies 
are needed to enhance generalizability and the ability to 
make causal inferences regarding the relationship 
between metabolic risk factors and disease progression 
from the early stages of incidental detection to the later 
stages of steatohepatitis and cirrhosis in future studies on 
non-alcoholic fatty liver disease. In addition to ultrasound, 
there is a need for more precise diagnostic methods such 
as FibroScan or MRI, and to obtain a histological diagnosis. 
Other factors like genetic, dietary, physical activity, and 
socioeconomic factors should be studied further to 
determine additional risk factors, performing multivariate 
analyses to determine independent risk factors and to 
create risk strati�cation models. Furthermore, there is a 
need for interventional research to assess lifestyle and 
pharmacological interventions, particularly in early-stage 
or incidentally discovered NAFLD, to assess long-term 
metabolic and cardiovascular outcomes and inform 
preventative healthcare policies, given the younger pro�le 
seen.

hypertriglyceridemia plays a signi�cant role in the 
pathogenesis of nonalcoholic fatty liver disease, it is not 
surprising that nonalcoholic fatty liver disease was more 
common in this patient population, 57(47.1%). The 
association of hypertriglyceridemia with NAFLD is through 
the effects on insulin resistance on the liver, which results 
in increased synthesis of VLDL and decreased activity of 
lipoprotein lipase, which results in decreased clearance of 
triglycerides. The insulin-resistant nature of diabetes 
mellitus, hypertension, and ischemic heart disease is 
highlighted by the strong age associations. In older people, 
these complications are increased due to greater 
atherosclerotic change and a greater loss of pancreatic 
beta-cell function. The current �ndings show signi�cant 
consistency with published studies on the risk factors of 
NAFLD, and highlight some unique demographic trends. 
The current cohort mean age of 37.18 ± 10.30 years was 
younger than most studies, including those by Kannan et al. 
(43-48 years) and Amini-Salehi et al. (48.4 years), which may 
be due to lifestyle factors, genetic predisposition, or better 
diagnostic tools in our population, which led to an earlier 
detection of the disease [15, 16]. Differing from Wang et al.  
who reported the highest prevalence at 60 years in women, 
this is a younger age group, suggesting possible regional 
differences in age at presentation [17]. The sex ratio of our 
study was 80.2% male, which was the opposite of that of 
several regional studies where female predominance was 
observed, as Huh et al. [18] (63% female), Bano et al. [19] 
(80% female), and Mahmood et al. [20] (62.9% female). This 
gender imbalance could be due to cultural, occupational or 
referral patterns speci�c to our study population as 
compared to the world, in which NAFLD occurs at a similar 
rate in both sexes. The current result, however, is more 
similar to the study by Losasso et al. [21] that reported 74% 
male participants, which could indicate that the study was 
conducted at a healthcare facility that was more prone to 
such gender predispositions or that there is a trend of risk 
exposure to be more common among males [21]. In the 
current cohort, the prevalence of diabetes mellitus was 
16.5%, much lower than in many studies such as Huh et al. 
[18] (34%), Bano et al. [19] (48.6%), Tunio et al. [13] (33.9%), 
and especially lower than in the diabetic population as 
reported by Wang et al. (55.5%) [17]. This discrepancy could 
be due to the younger age of our study population since 
diabetes is known to increase with age, or perhaps due to 
the fact that we identi�ed them with advanced detection of 
NAFLD before metabolic decompensation occurs [20]. 
The strong age-related association we observed (p<0.001) 
corroborates those of Amini-Salehi et al. (OR 2.12) and 
Wang et al. further supporting the progressive nature of 
metabolic dysfunction [16, 17]. The prevalence of 
hypertriglyceridemia, 57 (47.1%) in the current study, was 
similar to several investigations, e.g., Bano et al. 18 (48%) 
[19]and Tunio et al. [13] (48.1%), and was within the wide 
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It is concluded that non-alcoholic fatty liver disease was 

frequently associated with metabolic risk factors, 

particularly hypertriglyceridemia, obesity, diabetes 

mellitus, and hypertension. Signi�cant associations were 

observed between age greater than 40 years and the 

presence of diabetes, hypertension, and ischemic heart 

disease, indicating clustering of cardiovascular 

comorbidities in older patients. Early identi�cation of 
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Malnutrition remains a major public health problem among children under �ve years, 

particularly in developing countries like Pakistan. Maternal education plays a crucial role in 

determining child nutritional status through its in�uence on feeding practices, healthcare 

utilization, and overall child care. Objective: To determine the association between maternal 

education and the severity of malnutrition among children under �ve years of age presenting to 

a Stertiary care hospital. Methods: This cross-sectional study was conducted at Khyber 

Teaching Hospital, Peshawar, including 282 malnourished children aged 6 months to 5 years. 

Nutritional status was assessed using WHO Z-scores (WAZ, HAZ, WHZ) and categorized into 

moderate and severe malnutrition. Maternal education was classi�ed into six levels. Data were 

analyzed using SPSS version 27.0, and associations were evaluated using Fisher's Exact tests, 

with p ≤ 0.05 considered signi�cant. Results: The mean age was 28.4 ± 11.2 months. The 

prevalence of malnutrition was high, with 54.8% underweight, 48.8% stunted, and 32.4% 

wasted. Severe malnutrition was common, particularly among children of illiterate mothers, 

showing signi�cantly higher rates of underweight (65.4%), stunting (75.0%), and wasting 

(70.0%) (p≤0.002). On multivariable analysis, maternal illiteracy remained a strong independent 

predictor of underweight (AOR: 4.89), stunting (AOR: 5.73), and wasting (AOR: 4.12), all 

statistically signi�cant (p<0.001). Higher maternal education showed a protective effect against 

all forms of malnutrition. Conclusions: Maternal education is associated with reduced severity 

of childhood malnutrition. Improving female education and implementing targeted nutritional 

interventions are essential to reduce the burden of malnutrition.
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Malnutrition is one of the signi�cant public health issues 
among children below the age of �ve, especially in 
developing nations. Globally, it is estimated that 170 million 
children are moderately or severely stunted, 110 million 
underweight, with a high percentage of them living in Asia 
[1]. Acute malnutrition is a major cause of childhood 
morbidity, mortality, retarded cognitive growth, and 
susceptibility to infections [2]. Early childhood nutrition is 
a crucial component of physical development, the immune 
system, and intellectual growth [3]. Child malnutrition is a 
pressing problem in Pakistan. UNICEF (2018) reports that 
almost forty percent of children under �ve years of age are 
stunted, 17.7 underweight, 28.9% overweight, and there is 

an emerging problem of overweight (9.5%), which suggests 
a two-fold burden of malnutrition [4]. The survey on 
nutrition issues in the country also indicates that a quarter 
of the children are stunted, a third of them underweight, 
and a �fth wasted, with little improvement over the last 20 
years [5]. Pakistan remains one of the countries with the 
highest prevalence of child malnutrition, and slower 
improvement in nutritional indicators was registered 
compared to other South Asian countries [6, 7]. Such 
continued burden is also a cause of high rates of under-�ve 
mortality, which are at 81 per 1,000 live births [8]. 
M a l n u t r i t i o n  i s  c o n n e c te d  w i t h  s o c i o e c o n o m i c 
determinants such as poverty, food insecurity, and 



illiteracy. One of them is maternal education, which is a 
determinant of child health outcomes. Educated mothers 
tend to practice proper feeding habits, proper nutrition, 
and seek early healthcare for their children. It has been 
shown that there is an extremely positive relationship 
between maternal education, better socioeconomic 
status, and child health outcomes [9]. The multicountry 
analyses also support the notion that higher levels of 
maternal education have a signi�cant relationship with 
lower rates of childhood stunting, which occurs mainly due 
to better decision-making, resource use, and health-
seeking practices [10, 11]. Maternal illiteracy is still a major 
challenge in Pakistan. According to the Pakistan 
Demographic and Health Survey (2017-18), 52.2% of women 
have no formal education, which is mostly because of 
socioeconomic and cultural factors [5]. 
Despite the well-established relationship between 
maternal education and child nutritional outcomes, limited 
region-speci�c evidence is available regarding the 
association between maternal education and the severity 
of malnutrition among children under �ve years in Pakistan, 
particularly in Khyber Pakhtunkhwa. Most previous studies 
have focused on the prevalence and determinants of 
malnutrition at the national level, while fewer studies have 
speci�cally examined how different levels of maternal 
education in�uence the severity of underweight, stunting, 
and wasting in children presenting to tertiary care 
hospitals. Therefore, the present study aimed to determine 
the association between maternal education and the 
severity of malnutrition among children under �ve years of 
age presenting to a tertiary care hospital in Peshawar.
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willing to participate. Children with malignancies or 
systemic disorders or active infections, presented with 
diarrhea and gastrointestinal problems, and immigrant 
children were excluded. Children with acute diarrhea were 
excluded to avoid temporary �uctuations in body weight 
and hydration status that could affect anthropometric 
measurements and potentially misclassify nutritional 
status. Patients satisfying the study selection criteria were 
enrolled after obtaining written informed consent, using 
consecutive non-probability sampling. The study was 
conducted in accordance with the Declaration of Helsinki 
and institutional ethical guidelines, ensuring voluntary 
participation, con�dentiality of patient information, and 
the right to withdraw at any time without affecting medical 
care. Malnutrition in this research was measured by 
anthropometric weight and height that were calculated in 
response to the standardized growth charts based on the 
child growth standard of the World Health Organization 
(WHO). In children aged 2 years and below, length was 
recorded in the supine position, and in children above 2 
years, standing height was recorded. Z-score was used to 
assess nutritional status: weight-for-height Z-score 
(WHZ), height-for-age Z-score (HAZ), and weight-for-age 
Z-score (WAZ). Undernutrition was considered a Z-score of 
less than -2 standard deviations (SD) of the WHO reference 
median, and severe undernourishment was a Z-score of 
less than -3 SD. In particular, wasting was de�ned as WHZ < 
-2 SD, stunting as HAZ -2 SD, and underweight as WAZ -2 
SD. These were further categorized as moderate (−3 SD to < 
−2 SD) and severe (< −3 SD) [13]. It was divided into six levels 
of maternal education: illiterate (no schooling), junior 
primary (education less than 3rd grade), senior primary 
(education less than 5th grade), junior secondary 
(education less than 8th grade), senior secondary 
(education less than 12th grade), and higher education 
(education greater than 12th grade). Clinical assessment 
forms, including information about anthropometric 
measurements, like weight, height/length, and mid-upper 
arm circumference (MUAC), as well as clinical signs of 
malnutrition such as edema and visible severe wasting, 
medical history, and current health status, were �lled for 
every eligible child. Data were collected by trained medical 
o�cers experienced in conducting interviews and 
performing anthropometric measurements. Before data 
collection, all medical o�cers received standardized 
training in anthropometric measurement techniques 
according to WHO child growth assessment guidelines. 
Weight, height/length, and MUAC were measured using 
calibrated instruments following standardized procedures. 
Duplicate measurements were taken when necessary to 
minimize measurement error and improve reliability. The 
mothers of the chosen children were interviewed to obtain 
information about maternal education and other socio-
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This cross-sectional study was conducted at the 
Department of Pediatrics, Khyber Teaching Hospital, 
Peshawar, from 07-07-2025 to 30-03-2026, after obtaining 
approval from the hospital IRB committee, under reference 
no: 692/DME/KMC; dated: 07/07/2025. The sample size 
was calculated using the single population proportion 
formula, considering the anticipated frequency of 
malnutrition among children under �ve years of age with 
uneducated mothers as 52.3%, based on a previous study 
[12]. Using a 95% con�dence level, 6% margin of error, and 
5% allowance for incomplete responses or dropouts, the 
minimum required sample size was calculated to be 282 
participants using the online sample size calculator. A 
single population proportion formula was used because 
the study primarily aimed to estimate the distribution and 
severity of malnutrition among children presenting to the 
hospital and subsequently assess its association with 
maternal education. The inclusion criteria were children of 
either gender, aged between 6 months and 5 years and 
presenting with malnutrition, and whose mothers were 
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demographic variables. Standardized methods and 
calibrated instruments were used to weigh, measure 
height or length, and MUAC of children. A detailed clinical 
examination was carried out to verify the presence of 
malnutrition and to record all the clinical manifestations.
Data analyses were performed using SPSS version 27. 
Means ± standard deviations were computed for numerical 
va r i a b l e s  l i ke  a g e,  we i g h t ,  h e i g h t ,  M UAC,  h e a d 
circumference,  and chi ld  BMI.  Frequencies and 
percentages were calculated for categorical variables, like 
gender, residence, maternal education, place of delivery, 
bilateral pedal edema, abdominal distension, and birth 
order. Fisher's exact test was used to assess the difference 
in associations between maternal education and child 
nutritional  status (as cell  count<5%) with post-
strati�cation to control for possible confounding variables. 
Binary logistic regression was applied. A p-value ≤ 0.005 
was considered statistically signi�cant.

Table 1: Clinical and Anthropometric Characteristics (n=282)

A total of 282 children aged 6 months to 5 years were 
included in the study, with a mean age of 28.4 ± 11.2 months, 
and showed generally poor nutritional status, with low 
mean weight, height, BMI, and MUAC. The average birth 
weight was also low (2.6 ± 0.7 kg), indicating early-life 
vulnerability. Clinically, 9.5% had bilateral edema and 14.9% 
had abdominal distension, suggesting a notable burden of 
acute and chronic malnutrition (Table 1).

R E S U L T S

that 58.9% were male and 61.0% resided in rural areas. 
Regarding birth order, 45.4% were �rst-born children, 
followed by middle (34.4%) and last-born (20.2%) children. 
Maternal education was generally low, with 33.0% of 
mothers being illiterate, while only 8.2% had higher 
education (Table 2).

Table 2:  Socio-demographic Characteristics of Study 

Participants (n=282)
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Variables Mean ± SD / n (%)

28.4 ± 11.2

9.1 ± 2.6

77.9 ± 11.1

12.4 ± 1.7

44.9 ± 3.7

13.8 ± 2.2

2.6 ± 0.7

8.8 ± 2.7

27 (9.5%)

42 (14.9%)

Age (months)

Weight (kg)

Height/Length (cm)

MUAC (cm)

Head Circumference (cm)

BMI (kg/m²)

Birth Weight (kg)

Skinfold Thickness

Bilateral Edema

Abdominal Distension

Variables Category n (%)

166 (58.9%)

116 (41.1%)

172 (61.0%)

110 (39.0%)

128 (45.4%)

97 (34.4%)

57 (20.2%)

93 (33.0)

55 (19.5%)

41 (14.5%)

43 (15.2%)

27 (9.6%)

23 (8.2%)

Male

Female

Rural

Urban

First

Middle

Last

Illiterate

Junior Primary

Senior Primary

Junior Secondary

Senior Secondary

Higher Education

Gender of Children

Residence

Birth Order

Maternal Education

More than half of the children (54.8%) were underweight, 
including 36.3% moderately and 18.5% severely affected, 
highlighting it as the most critical nutritional issue. 
Stunting was also highly prevalent (48.8%), with 31.7% 
moderate and 17.1% severe cases, indicating a substantial 
level of chronic malnutrition and long-term growth 
impairment. Wasting, which re�ects acute malnutrition, 
affected 32.4% of children, including 21.7% moderate and 
10.7% severe cases, showing a considerable proportion 
experiencing recent or acute nutritional de�ciency. 
Importantly, since underweight, stunting, and wasting are 
not mutually exclusive conditions, some children 
experienced more than one form of malnutrition 
simultaneously. Therefore, the reported prevalences may 
overlap and should not be interpreted as independent 
categories. This overlap re�ects the complex and 
multidimensional nature of child undernutrition in the 
study population (Table 3).

The socio-demographic pro�le of participants showed 

Table 3: Nutritional Status of Children 

Nutritional Indicators Moderate, n (%), 95% CI Total, n (%), 95% CISevere, n (%), 95% CI

Underweight (WAZ)

Stunting (HAZ)

Wasting (WHZ)

102 (36.3%), (30.7–41.9%)

89 (31.7%), (26.2–37.2%)

61 (21.7%), (16.9–26.5%)

52 (18.5%), (14.0–23.0%)

48 (17.1%), (12.7–21.5%)

30 (10.7%), (7.1–14.3%)

154 (54.8%), (49.0–60.6%)

137 (48.8%), (42.9–54.6%)

91 (32.4%), (26.9–37.9%)

*Children may have more than one type of malnutrition

Children of illiterate mothers had the highest rates of severe malnutrition, with 65.4% underweight (p<0.001), 75.0% stunted 
(p<0.001), and 70.0% wasted (p=0.002). In contrast, children of mothers with senior secondary or higher education had no 
severe malnutrition across all indicators. Moderate malnutrition also decreased with increasing maternal education. These 
�ndings show an inverse relationship between maternal education and malnutrition severity, highlighting that higher 
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Table 4: Association of Maternal Education with Severity of Malnutrition Indicators

*Fisher's Exact test was used to calculate p-value. p-value <0.05 is signi�cant

maternal education protects against child undernutrition (Table 4).

After adjusting for child age, residence, and household income, maternal illiteracy remained the strongest and most 
consistent predictor of severe malnutrition, signi�cantly increasing the odds of underweight (AOR: 4.89, 95% CI: 2.61–9.16), 
stunting (AOR: 5.73, 95% CI: 3.01–10.91), and wasting (AOR: 4.12, 95% CI: 2.01–8.41). Low household income was also an 
independent risk factor for all outcomes, while rural residence showed a modest but signi�cant association with 
underweight and stunting. Child age was positively associated with underweight and stunting but not wasting. All models 
demonstrated good �t, indicating acceptable explanatory power and reliability of the adjusted associations (Table 5).

Table 5: Adjusted Binary Logistic Regression for Severe Malnutrition 

Underweight model (Nagelkerke R² = 0.36, Hosmer–Lemeshow p = 0.640), Stunting model (R² = 0.43, p = 0.720), and Wasting model (R² = 

0.27, p = 0.550)

D I S C U S S I O N

higher proportion of children in this study living in a rural 
a re a  re � e c t s  t h e  o n g o i n g  a ss o c i at i o n  b et we e n 
malnutrition and disadvantaged circumstances. Living in a 
rural area is often linked to food insecurity, poor sanitation, 
and limited access to healthcare, all of which have a 
detrimental impact on children's nutrition status [17, 19]. 
The presence of both acute and chronic malnutrition was 
also suggested by clinical symptoms including bilateral 
oedema and abdominal distention, which occurred in a 
substantial number of children, indicating the severity of 
the disease at a late stage [15, 17]. A crucial result of this 
study was that there was a negative relationship between 
the level of education of the mother and the degree of 
malnutrition observed. Across all indicators, children of 
illiterate mothers were the most undernourished, and 
children of highly educated mothers were never severely 
undernourished. This gradient was similar at all levels of 
education and indicates that maternal education has a 
protective effect. Low level of maternal education has 
been linked in previous studies with high risk of 

The present study revealed a high prevalence of 
malnutrition among children under 5 years of age, with 
underweight, stunting, and wasting being prevalent. The 
severity and complexity of malnutrition in this hospital-
based population seem to be higher than in community-
based populations, which may be because tertiary care 
centers receive more complicated and severe cases. This 
suggests that children admitted to the hospital are more 
severely malnourished, as seen in previous studies [14]. 
The demographic pro�le revealed that most affected 
children were in early childhood, especially below 2 years of 
age, known to be a very susceptible age for growth 
faltering. This is attributed to the increased nutritional 
demands, poor complementary feeding, and increased 
vulnerabil ity  to infections during this period of 
development [15, 16]. A gender difference was also noted 
for malnourished cases, with a higher proportion of males, 
which has also been seen in other studies [17, 18]. This 
could be attributed to biological susceptibility and also to 
potential gender differences in child care practices. The 

Maternal
Education

40 (39.2%)
[29.8–48.6%]

5 (4.9%)
[0.7–9.1%]

24 (23.5%)
[15.3–31.7%]

16 (15.7%)
[8.7–22.7%]

12 (11.8%)
[5.8–17.8%]

5 (4.9%)
[0.7–9.1%]

34 (65.4%)
[52.5–78.3%]

10 (19.2%)
[8.4–30.0%]

5 (9.6%)
[1.6–17.6%]

3 (5.8%)
[0.0–12.1%]

0 (0.0%)
[0.0–0.0%]

0 (0.0%)
[0.0–0.0%]

32 (36.0%)
[25.9–46.1%]

20 (22.5%)
[13.8–31.2%]

13 (14.6%)
[7.2–22.0%]

15 (16.9%)
[9.0–24.8%]

5 (5.6%)
[0.9–10.3%]

4 (4.5%)
[0.2–8.8%]

36 (75.0%)
[62.7–87.3%]

7 (14.6%)
[4.5–24.7%]

6 (12.5%)
[3.0–22.0%]

3 (6.3%)
[0.0–13.1%]

0 (0.0%)
[0.0–0.0%]

0 (0.0%)
[0.0–0.0%]

25 (41.0%)
[28.6–53.4%]

13 (21.3%)
[10.9–31.7%]

9 (14.8%)
[5.9–23.7%]

7 (11.5%)
[3.7–19.3%]

3 (4.9%)
[0.0–10.3%]

2 (3.3%)
[0.0–7.8%]

7 (23.3%)
[8.2–38.4%]

5 (16.7%)
[3.4–29.9%]

21 (70.0%)
[53.6–86.4%]

1 (3.3%)
[0.0–9.6%]

0 (0.0%)
[0.0–0.0%]

0 (0.0%)
[0.0–0.0%]

Illiterate

Junior Primary

Senior Primary

Junior
Secondary

Senior
Secondary

Higher
Education

<0.001 <0.001 0.002

p-valueSevere, (n=30)Moderate, (n=61)p-valueSevere, (n=30)Moderate, (n=61)p-valueSevere, (n=30)Moderate, (n=61)

Underweight (WAZ=154) Stunting (HAZ=137) Wasting (WHZ=91)

Illiterate vs Any Education

Rural vs Urban

Child Age (Months)

Household Income (Low vs High)

4.89 (2.61–9.16)

1.68 (1.05–2.69)

1.03 (1.01–1.05)

2.74 (1.66–4.51)

<0.001

0.031

0.018

<0.001

5.73 (3.01–10.91)

1.61 (1.03–2.53)

1.07 (1.04–1.11)

2.31 (1.38–3.87)

<0.001

0.037

<0.001

0.001

4.12 (2.01–8.41)

1.49 (0.94–2.37)

0.99 (0.96–1.02)

2.19 (1.21–3.96)

<0.001

0.090

0.410

0.009

Underweight AOR (95% CI) Wasting AOR (95% CI) p-valuep-valueStunting AOR (95% CI)p-valueVariables
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undernutrition, which was found to stem from poor feeding 
practices, insu�cient health awareness, and delayed 
health-seeking behaviour [18-20]. Maternal illiteracy was 
the most consistent predictor of severe malnutrition, even 
after accounting for other factors, suggesting that it is a 
factor other than socioeconomic conditions alone. 
Household income and rural living, however, were also 
i m p o r t a n t  d e t e r m i n a n t s  a n d  c o n � r m e d  t h a t 
malnourishment of children is a multifactorial problem, and 
these factors are educational and economic disadvantage 
[21-23]. The results indicate that maternal education has 
an interaction effect on other socioeconomic factors that 
determine nutritional outcomes of the child. Being younger 
than age 5 was signi�cantly associated with underweight 
and stunting, suggesting that the de�cits are cumulative 
with age, especially when dietary intake is suboptimal and 
repeated infections occur. This reinforces the notion that 
chronic malnutrition is a process and not an event [15, 16]. 
The study only concentrated on maternal education, but a 
number of other factors affect the nutritional status of 
children, such as feeding practices, infection history, 
maternal health, and household food insecurity. All this 
would likely combine with variations in maternal education 
and socioeconomic status to shape the nutrition of 
children in this context [20, 21].
This study has certain limitations. Since this was a single-
centre, hospital-based, cross-sectional study, the results 
may be representative only of the hospital systems where 
the study was conducted; not generalizable to the broader 
population; and may not infer a cause-and-effect 
relationship. Furthermore, key variables like maternal diet, 
breastfeeding and maternal nutritional status were not 
adequately evaluated and could have affected the reported 
associations. There was probably underestimation of 
wasting, as children with acute diarrhoea were excluded 
from analysis, and the results may be limited to children 
without acute diarrhoea. Longitudinal studies of nutrition 
status in large, community-based populations should be 
conducted in the future to further demonstrate causation 
and track long-term trends in nutrition status. Detailed 
behavioural, dietary and maternal health variables should 
also be added to further studies in order to gain a more 
complete understanding of the determinants of childhood 
malnutrition in similar settings.
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This study illustrates that children under 5 years of age are 

severely under-nourished and there is a signi�cant level of 

wasting, under-weight and stunting, often co-occurring. 

Maternal education level was one of the factors identi�ed 

as affecting the nutritional status of the children, with a 

higher degree of malnutrition seen in the children of 

illiterate mothers and a better nutritional status in cases of 

educated mothers. Improving the health outcomes of 
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children requires improvement in the education of women, 

in targeted nutrition awareness-raising activities, and in 

poverty reduction policies. Combined interventions that 

tackle the educational and socio-economic determinants 

of childhood malnutrition should be given speci�c 

consideration by policymakers to be effective in reducing 

the burden of childhood malnutrition in similar settings.
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The Circle of Willis (CoW) is a polygonal arterial network 

located at the base of the brain that enables collateral 

circulation between the anterior and posterior cerebral 

circulations. This anatomical structure plays a critical role 

in maintaining cerebral perfusion during proximal arterial 

stenosis or occlusion [1]. Although traditionally described 

as a symmetrical and complete arterial ring, a complete 

Circle of Willis is found only in a minority of individuals, 

while segmental hypoplasia, aplasia, and asymmetry are 

common in both normal and diseased populations [2]. The 

physiological and clinical relevance of these anatomical 

variations is increasingly recognized. The presence or 

absence of communicating arteries in�uences collateral 

capacity, determines redistribution of cerebral blood �ow, 

and may alter tissue vulnerability during acute ischemic 

events [3]. Experimental and clinical studies suggest that 
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The Circle of Willis (CoW) is the principal intracranial collateral network connecting the anterior 

and posterior cerebral circulations. Anatomical variations of the CoW are common and may 

in�uence cerebral hemodynamics, collateral capacity, ischemic stroke outcomes, and 

aneurysm development. However, contemporary imaging-based evidence regarding their 

c l i n i c a l  s i g n i � c a n c e  h a s  n o t  b e e n  sys te m a t i c a l l y  sy n t h e s i z e d.  O b j e c t i ve s :

To systematically review recent human imaging studies (2020–2025) evaluating anatomical 

variations of the Circle of Willis and their reported clinical associations. Methods: A systematic 

search of PubMed, Scopus, and the Cochrane Library was conducted following PRISMA 2020 

guidelines. Original human studies assessing CoW anatomy using computed tomography 

angiography (CTA), magnetic resonance angiography (MRA), or conventional angiography were 

included. Data extracted included study design, population characteristics, imaging modality, 

prevalence of major variants, and clinical associations. Risk of bias was assessed using a 

qualitative domain-based approach. Due to methodological heterogeneity, �ndings were 

synthesized narratively. Results: Eighteen imaging-based studies were included. Incomplete 

CoW con�gurations and posterior communicating artery hypoplasia/aplasia were the most 

frequently reported variants, with incomplete con�gurations reported in 30–70% of 

participants. Several studies demonstrated associations between incomplete con�gurations 

and poorer ischemic stroke outcomes, vulnerable intracranial plaque features, and increased 

odds of intracranial aneurysm. Fetal-type posterior cerebral artery and A1 segment asymmetry 

were linked to distinct hemorrhagic and aneurysmal patterns. Conclusions: Anatomical 

variations of the Circle of Willis are highly prevalent and clinically relevant. Standardized 

reporting of CoW con�guration may enhance cerebrovascular risk strati�cation and inform 

neurovascular decision-making.
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incomplete con�gurations may limit compensatory �ow 

during large-vessel occlusion, contributing to larger infarct 

volumes and poorer functional outcomes. Conversely, 

well-developed communication pathways may provide 

protective collateral channels that preserve perfusion in 

critical regions [4]. Beyond ischemic stroke, variations in 

the Circle of Willis have also been implicated in the 

pathogenesis of intracranial aneurysms and hemorrhagic 

stroke. Asymmetries that alter �ow dynamics, such as 

anterior cerebral artery A1 segment asymmetry or fetal-

type posterior cerebral arter y, may create focal 

hemodynamic stress at arterial bifurcations and perforator 

origins [5]. These altered �ow states have been proposed 

as contributing factors in aneurysm formation, aneurysm 

progression, and speci�c hemorrhagic phenotypes 

involving deep or posterior circulation territories [6].

Although imaging-based studies evaluating Circle of Willis 

variations have increased substantially in recent years, the 

available evidence remains heterogeneous in terms of 

study design, imaging modality, operational de�nitions of 

anatomical variants, and reporting of clinical outcomes. 

Most studies are single-center and referral-based, limiting 

generalizability. Furthermore, despite advances in 

computed tomography angiography (CTA) and high-

resolution magnetic resonance angiography (MRA) that 

have enhanced visualization of intracranial arterial 

anatomy, a contemporary synthesis of recent evidence is 

lacking. Therefore, this systematic review was conducted 

to synthesize recent human imaging studies (2020–2025) 

evaluating anatomical variations of the Circle of Willis and 

their clinical signi�cance. This review aims to summarize 

the prevalence of major CoW variants and examine their 

reported associations with ischemic stroke outcomes, 

intracranial aneurysms, and hemorrhagic cerebrovascular 

disease.

M E T H O D S

2025. Both controlled vocabulary and free-text terms were 
used to maximize search sensitivity. The primary PubMed 
search strategy was: (“Circle of Willis” OR “cerebral arterial 
circle”) AND (variation OR variant OR anomaly OR hypoplasia 
OR aplasia OR “incomplete circle”) AND (angiography OR 
“computed tomography angiography” OR CTA OR “magnetic 
resonance angiography” OR MRA). Equivalent search 
strategies were adapted for Scopus and the Cochrane 
Library. In addition, the reference lists of all included 
studies were manually screened to identify any potentially 
eligible articles not captured in the electronic search. 
Studies were selected based on prede�ned inclusion and 
exclusion criteria. Eligible studies were original human 
research published between 2020 and 2025 that evaluated 
anatomical variations of the Circle of Willis using imaging 
modalities such as computed tomography angiography 
(CTA), magnetic resonance angiography (MR A), or 
conventional angiography. Studies were required to report 
either the prevalence of CoW variants or their clinical 
associations with cerebrovascular outcomes. Animal 
studies, case reports, narrative reviews, systematic 
reviews, meta-analyses, pilot studies, conference 
abstracts without full text, and studies that did not report 
Circle of Willis con�guration were excluded. All identi�ed 
records were imported into reference management 
software, and duplicates were removed before screening. 
Titles and abstracts were independently screened by two 
reviewers according to prede�ned eligibility criteria. Full-
text articles of potentially relevant studies were 
subsequently retrieved and independently assessed for 
eligibility by the same two reviewers. Disagreements at any 
stage were resolved through discussion and consensus. 
Formal inter-rater agreement statistics (e.g., kappa 
coe�cient) were not calculated, which is acknowledged as 
a methodological limitation. The study selection process 
followed the PRISMA 2020 framework. A total of 515 records 
were identi�ed through database searching. After the 
removal of records before screening, 350 records 
underwent title and abstract screening. Fifty-three full-
text articles were assessed for eligibility, and 18 studies 
were ultimately included in the qualitative synthesis. Flow 
diagram illustrating the identi�cation, screening, eligibility 
assessment, and inclusion of studies in this systematic 
review.  A total of 515 records were identi�ed from PubMed 
(n=210), Scopus (n=185), and Cochrane Library (n=120). After 
removal of 165 records before screening (duplicates and 
other exclusions), 350 records were screened. Out of 
these, 285 were excluded at the title and abstract level. 
Sixty-�ve full-text reports were sought for retrieval, of 
which 12 were not retrieved. Fifty-three full-text articles 
were assessed for eligibility, and 35 were excluded based 
on prede�ned criteria. Ultimately, 18 studies were included 
in the qualitative synthesis (Figure 1).

This systematic review aimed to assess anatomical 
variations of the Circle of Willis (CoW) and their clinical 
implications in human populations. The review was 
conducted and reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 guidelines. The methodological 
framework, including objectives, eligibility criteria, search 
strategy, and data synthesis approach, was prede�ned 
before conducting the review to enhance transparency and 
reproducibility. Although a structured protocol was 
developed a priori, it was not prospectively registered in an 
international database (e.g., PROSPERO), which is 
acknowledged as a limitation. An electronic literature 
search was conducted in three major databases: PubMed, 
Scopus, and the Cochrane Library. The search included 
studies published between January 2020 and December 
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Figure 1: Study Selection Process

A total of 18 original human imaging studies published between 2020 and 2025 were included in the qualitative synthesis. 

Across studies, Circle of Willis (CoW) anatomy was assessed predominantly using CTA and MRA in symptomatic, referral-

based, or population cohorts. The study summarizes the characteristics of the 18 included studies (2020–2025), including 

design, population, imaging modality, reported variants, and clinical relevance. Most studies were cross-sectional or 

observational and mainly included symptomatic or referred cerebrovascular populations, with sample sizes ranging from 85 

to >1,000 participants. CTA and MRA were the most frequently used modalities, re�ecting modern imaging-based evaluation 

of CoW variants (Table 1).

R E S U L T S

Table 1: Characteristics of Included Studies (2020–2025) on Anatomical Variations of the Circle of Willis and Their Clinical Signi�cance
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across included studies. Diameter thresholds used to 

de�ne hypoplasia and criteria for completeness varied 

between studies, contributing to methodological 

heterogeneity. This variability was documented during 

data extraction and considered during qualitative 

synthesis. Risk of bias was assessed using a qualitative 

domain-based approach tailored to observational imaging 

studies. Three principal domains were evaluated: selection 

bias (population representativeness), measurement bias 

(imaging protocol standardization and clarity of variant 

de�nitions),  and control  of confounding (use of 

multivariable or adjusted analyses when reporting 

associations). Formal risk-of-bias tools designed for 

randomized controlled trials were not applicable because 

the majority of included studies were cross-sectional or 

obser vational  imaging studies.  Each study was 

categorized as having low, moderate, or low–moderate 

overall risk of bias. Due to substantial heterogeneity in 

study design, imaging modalities, operational de�nitions 

of anatomical variants, outcome measures, and population 

characteristics, a quantitative meta-analysis was not 

performed. The decision to refrain from pooled statistical 

synthesis was based on methodological variability that 

precluded meaningful statistical aggregation. Instead, 

prevalence ranges and reported associations were 

summarized descriptively. A structured qualitative 

narrative synthesis was conducted to compare patterns of 

anatomical variation and reported clinical associations 

across studies. 

Data extraction was performed using a standardized data 

extraction form. Extracted variables included �rst author 

and year of publication, study design, sample size, 

characteristics of the study population, imaging modality 

and protocol, de�nitions of anatomical variants, 

prevalence of major CoW variants, reported clinical 

associations, and effect estimates such as odds ratios 

where available. Data extraction was conducted 

independently by two reviewers, and discrepancies were 

resolved through consensus to ensure data accuracy and 

completeness. Standardized de�nitions of “incomplete 

Circle of Willis” and “hypoplasia” were not uniformly applied 

ReferencesSr. No. Clinical Signi�cance ReportedKey CoW FindingsDesign / Population

1 [7]
Cross-sectional; suspected
cerebrovascular pathology

(n=95)

Variants in 55%; PCoA hypoplasia
common; fetal PCA present

Variants noted as important for
aneurysm/vascular planning

2 [8]
Retrospective; symptomatic

patients (n=231)
PCoA hypoplasia and fetal-type

PCA documented
Highlights the prognostic/diagnostic

relevance of posterior variants

3 [9]
Large observational; ischemic

stroke vs controls (>1000 stroke)
Higher variant prevalence in the

stroke cohort
Examined severity/in-

hospital prognosis associations

4 [10]
Cross-sectional; CTA dataset

(n=255)
CoW variants characterized
alongside stenosis patterns

Linked variants with cerebral/
cervical stenosis patterns (plus

automated analysis)

5 [11] Cross-sectional; children
vs adults

CoW morphometric differences
by age group

Developmental anatomy implications
for �ow/collateral interpretation

6 [12]
Anterior and posterior pattern classi�cations:

ACoA/PCoA aplasia/hypoplasia patterns
Cross-sectional; suspected

cerebrovascular disease (n=102)

Modality

CTA

3T MRA

Imaging-based
CoW assessment

CTA

MRA

64-MSCT
angiography

Relevance for endovascular
planning in their cohort



Table 2: Major Patterns of Circle of Willis Variations and Their Reported Clinical Associations in Included Studies

The results summarize the most frequently reported CoW variants and the clinical associations described across included 
studies. The most commonly reported variants were posterior communicating artery (PCoA) hypoplasia/aplasia and 
incomplete Circle of Willis con�gurations. Across studies, incomplete con�gurations were reported in approximately 
30–70% of participants, depending on the study population and operational de�nitions. Several studies reported 
associations between incomplete con�gurations and poorer ischemic stroke outcomes, vulnerable intracranial plaque 
features, or increased odds of intracranial aneurysm (Table 2).
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15 [21] Imaging-de�ned 
fetal PCA

Fetal-type PCA presence assessedObservational: hypertensive
thalamic hemorrhage

Reported association between
fetal PCA and hemorrhage-related

phenotype

7 [13] MRA
Cross-sectional; large clinical

sample (n=867)
Detailed variant prevalence; incomplete

CoW frequent
Collateral-pathway implications

emphasized

8 [14] Observational; stroke patients Incomplete CoW common (1/3)
Imaging-

based CoW
completeness

An incomplete CoW is associated
with worse functional outcome

(adjusted)

9 [15] MRA Variation frequencies reportedCross-sectional; clinical
referrals (n=264)

Emphasized clinical importance
for neurovascular procedures

10 [16] MRA
Prospective cross-sectional;
tertiary MRA cohort (n=152)

Complete CoW 24%; posterior variants
common (PCoA aplasia)

Links discussed with
future cerebrovascular risk and

demographics

11 [17] Observational association;
ICAS/AIS focus

Vascular
imaging Incomplete CoW phenotypes categorized Incomplete CoW associated with

vulnerable plaque features and AIS

12 [18] Population study (Tromsø) Incomplete CoW variants de�nedImaging-based
CoW variants

An incomplete CoW is associated with
higher odds of intracranial aneurysm

13 [19] Observational; anterior
circulation ischemic stroke

CoW
communicating
artery presence

Presence/absence of communicating
arteries assessed

Communicating arteries associated
with higher functional recovery rates

14 [20]
Retrospective; cerebral

angiography/MRA images (n=85)
Angiography/

MRA
Highlights demographic in�uences
relevant to interpretation/planning

Age/sex differences in completeness
and vessel diameters

16 [22]
Cross-sectional; archived
CT brain images (n=200)

Emphasized implications for
cerebrovascular risk/interpretation

CT-based
vascular 

assessment

Posterior/anterior communicating
segment variants

17 [23]
Retrospective cross-

sectional (n=384) 3T MRA Patterns and prevalence of CoW
variants

Clinical relevance framed around
cerebrovascular health

18 [24] CTA A1 dysplasia/variation analyzedAssociation study: aneurysm
vs control

A1 variation associated with MCA
aneurysm occurrence/rupture

indicators

Variant / Con�guration References Typical Prevalence / Description Main Clinical Associations Reported

[16, 22]
Posterior communicating artery (PCoA)

hypoplasia/aplasia
Most frequent posterior variant; often

unilateral or bilateral
Reduced collateral capacity: relevance for

stroke prognosis and endovascular planning

[13, 17]
Worse functional outcome after stroke; higher odds of

intracranial aneurysm; vulnerable plaque features
Incomplete Circle of Willis (any segment

absent/hypoplastic)
Reported in 30–70%, depending on the

de�nition and population

[7, 8]
Fetal-type posterior cerebral artery

(fetal PCA)
Present in a substantial minority;

usually unilateral
Associated with hemorrhagic phenotype; important

for posterior circulation �ow patterns

[17, 24] Variable frequency; often unilateral Associated with the middle cerebral artery aneurysm
occurrence and altered �ow distribution

Anterior cerebral artery A1 segment
asymmetry/dysplasia

[12, 13] Less frequent than PCoA variantsAbsence or hypoplasia of the anterior
communicating artery (ACoA)

Impaired anterior collateral circulation; relevance
for procedural planning

Age-related morphological differences [11, 20]
Children show different calibers and

con�gurations than adults
Developmental and demographic in�uence

on collateral interpretation

[19]
Presence of complete communicating

pathways
Minority of patients with a fully complete

Circle of Willis
Higher rates of functional recovery after anterior

circulation stroke

The study outlines the methodological distribution of included studies by imaging modality, study design, and study 
population. MRA was the most frequently used modality, particularly in prevalence-focused studies, whereas CTA was more 
commonly used in studies examining acute stroke and aneurysm-related outcomes. Cross-sectional designs predominated, 
while a smaller subset of studies assessed clinical associations with stroke outcomes, aneurysm presence, or hemorrhagic 
phenotypes (Table 3).



The results present the domain-based qualitative risk-of-bias assessment across the included studies. Most studies were 

judged to have a moderate overall risk of bias, primarily due to referral-based sampling and limited population 

representativeness. Measurement bias was generally low in studies using standardized CTA or high-�eld MRA protocols, 

whereas confounding control varied across association studies depending on whether multivariable adjustment was 

performed (Table 4).

Table 4: Risk of Bias Assessment of Included Studies Using a Domain-Based Qualitative Approach

The present systematic review synthesizes contemporary 
imaging-based evidence (2020–2025)  regarding 
anatomical variations of the Circle of Willis (CoW) and their 
clinical relevance. Across included studies, incomplete 
CoW con�gurations and posterior communicating artery 
(PCoA) hypoplasia/aplasia emerged as the most frequently 
reported variants, whereas a fully complete arterial circle 
was consistently observed in a minority of individuals. This 
�nding is consistent with recent large imaging cohorts 

demonstrating that incomplete con�gurations represent 
the predominant anatomical pattern in adult populations 
[25, 26]. Beyond prevalence, this review demonstrates that 
CoW con�guration has meaningful implications for 
collateral �ow and ischemic vulnerability. Incomplete 
con�gurations and absent communicating segments may 
limit compensatory redistribution of blood �ow during 
large-vessel occlusion, potentially contributing to larger 
infarct volumes and poorer functional recovery. Recent 

D I S C U S S I O N
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Table 3: Distribution of Imaging Modalities, Study Designs, and Study Populations in Included Studies (2020–2025)

General / referred imaging population [15, 16] Used primarily for prevalence estimates of Circle of Willis variants

Symptomatic cerebrovascular patients [23, 24]
Majority of studies involved clinically relevant stroke or vascular

disease populations

Cross-sectional prevalence studies [7, 15]
Predominant design: focused on describing frequency and

patterns of Circle of Willis variants

Imaging Modality

Category Subgroup References Key Observations

[7, 22]
CTA was mainly used in acute stroke and aneurysm-focused

studies, allowing detailed segmental assessment
Computed tomography angiography

(CTA / CT-based)

Magnetic resonance angiography (MRA) [8, 11]
MRA was the most frequently used modality, particularly in

prevalence and population-based studies

Mixed/conventional angiography [20] Used for detailed morphometric and anatomical evaluation

Observational association studies [18, 19]
Explored associations with stroke outcome, aneurysm risk,

plaque vulnerability, and hemorrhagic phenotypes

Prospective imaging cohort [16] Provided standardized imaging protocol and demographic analysis

Study Design

Pediatric/developmental population [11] Only study speci�cally addressing developmental differences

Study Population

References Confounding ControlMeasurement Bias (Imaging
and De�nitions)

Selection Bias (Population
Representativeness)

Moderate

Moderate

Moderate

Low–Moderate

Low

Moderate

Moderate

Low–Moderate

Moderate

Moderate

Low–Moderate

Low

Low–Moderate

Moderate

Low–Moderate

Moderate

Moderate

Low–Moderate

Not applicable

Moderate (adjusted analyses)

Low (multivariable + automated model)

Not applicable

Not applicable

Not applicable

Low (multivariable outcome model)

Not applicable

Not applicable

Low (adjusted plaque analysis)

Low (multivariable model)

Low (adjusted functional outcome model)

Not applicable

Low (adjusted hemorrhage model)

Not applicable

Not applicable

Low (case–control adjustment)

Not applicable

Overall
Risk of Bias

Low (standard CTA protocol)

Low (3T MRA, clear de�nitions)

Low

Low

Low

Moderate (mixed CT de�nitions)

Low (standard MRA protocol)

Low

Moderate

Low

Low

Low

Low

Low

Low

Moderate

Low

Low

Moderate (single-center, symptomatic cohort)

Moderate (referred clinical population)

Moderate

Moderate

Low (healthy controls included)

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Low (population-based cohort)

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
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C O N C L U S I O N S

This systematic review demonstrates that anatomical 

variations of the Circle of Willis, particularly incomplete 

con�gurations and posterior communicating artery 

h y p o p l a s i a  o r  a p l a s i a ,  a r e  c o m m o n  � n d i n g s  i n 

contemporary imaging cohorts. Evidence suggests that 

these variants are associated with altered collateral 

capacity,  ischemic stroke outcomes,  aneur ysm 

susceptibility, and distinct hemorrhagic phenotypes. 

Standardized and routine reporting of CoW con�guration 

in neurovascular imaging may enhance risk strati�cation, 

inform procedural planning, and improve individualized 

clinical decision-making. Future harmonized, population-

based, and longitudinal investigations are required to 

re�ne prognostic models and clarify the mechanistic 

pathways linking vascular anatomy with cerebrovascular 

disease.

systematic and imaging-based studies have similarly 
reported that preserved collateral anatomy is associated 
with improved functional outcomes after ischemic stroke 
[27]. These �ndings support the hypothesis that structural 
collateral anatomy directly in�uences hemodynamic 
resilience in acute ischemic events. In the context of 
mechanical thrombectomy, preserved communicating 
pathways may enhance procedural e�cacy by maintaining 
per fusion to distal  territories,  as suggested by 
contemporary endovascular outcome studies [28]. The 
relationship between CoW variants and intracranial 
aneurysm formation is also highlighted in this synthesis. 
Anterior cerebral artery (A1) segment asymmetry appears 
to alter �ow dominance within the anterior communicating 
complex, potentially increasing focal wall shear stress and 
aneurysm susceptibility. Hemodynamic modeling studies 
have demonstrated that altered �ow patterns within 
asymmetric anterior circulation segments may predispose 
to aneurysm development [29]. Similarly, clinical imaging 
studies have reported associations between anterior 
circulation dominance and aneurysm characteristics [30]. 
These �ndings suggest that CoW morphology may 
in�uence aneurysm biology through �ow redistribution 
rather than acting as a purely incidental anatomical variant.  
Posterior circulation variants, particularly fetal-type 
posterior cerebral artery (fetal PCA), were also associated 
with distinct clinical phenotypes. Fetal PCA shifts 
perfusion dependency toward the internal carotid system, 
which may modify posterior circulation hemodynamics. 
Recent studies have reported associations between fetal 
PCA con�guration and speci�c hemorrhagic or posterior 
circulation stroke patterns [31, 32]. Although the exact 
causal mechanisms remain incompletely de�ned, 
consistent associations across imaging cohorts indicate 
potential prognostic relevance. Age- and sex-related 
morphological differences were observed in selected 
studies. Developmental variation in CoW anatomy 
suggests that collateral capacity may not be static across 
the lifespan. Population-based anatomical studies have 
demonstrated that vessel caliber and completeness vary 
w i t h  a g e  a n d  s ex  [ 3 3 ,  3 4 ] .  Pe d i a t r i c  a n d  a d u l t 
con�gurations differ in vessel morphology, which may 
partly explain heterogeneity in cerebrovascular risk 
pro�les. Importantly, methodological heterogeneity 
across studies must be considered when interpreting 
prevalence ranges. Operational de�nitions of “incomplete 
CoW” and “hypoplasia” varied substantially, and imaging 
modality (CTA vs. MRA) may in�uence detection rates of 
small-caliber segments. Prior imaging comparison studies 
have shown imperfect agreement between modalities in 
detecting small communicating arteries [35]. Such 
variability limits direct quantitative comparison across 
cohorts and underscores the need for standardized 

de�nitions.
This review has several limitations. First, the majority of 
included studies were single-center and referral-based, 
raising the possibility of spectrum bias and limiting 
generalizability to broader populations. Second, 
heterogeneity in imaging protocols and variant de�nitions 
precluded quantitative meta-analysis and limited pooled 
prevalence estimation. Third, formal inter-rater agreement 
statistics were not calculated during screening, and 
standardized risk-of-bias tools speci�c to observational 
imaging studies are lacking. Fourth, because most 
included studies were cross-sectional, causal inference 
between anatomical con�guration and clinical outcomes 
remains limited. Future research should prioritize large-
scale, multicenter population-based studies using 
harmonized de�nitions of CoW completeness and 
hypoplasia. Standardized imaging acquisition protocols 
and consensus-based reporting frameworks would 
improve comparability across studies. Prospective 
longitudinal designs are needed to clarify causal 
r e l a t i o n s h i p s  b e t w e e n  C o W  m o r p h o l o g y  a n d 
cerebrovascular outcomes. Furthermore, integration of 
computational �ow modeling with clinical outcome data 
may provide mechanistic insight into how speci�c 
con�gurations in�uence hemodynamic stress and stroke 
vulnerability.
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Sleep plays a crucial role in optimal cognitive functioning 

and stable neurophysiological processes. Partial sleep 

restriction and acute total sleep deprivation are 

increasingly common in modern educational and 

professional environments, particularly among students, 

healthcare workers, and individuals engaged in shift-based 

occupations [1]. Even short-term sleep deprivation can 

negatively affect several cognitive domains, including 

attention, reaction time, working memory, and executive 

control, which in turn may in�uence learning ability, clinical 

decision-making, and safety-sensitive performance [2, 3]. 

The cognitive effects of sleep deprivation are not uniform 

across domains. Vigilant attention and sustained 

performance, often measured using the Psychomotor 

Vigilance Test (PVT) appear to be particularly vulnerable to 

sleep loss and are typically characterized by slower 

reaction times and increased attentional lapses [4]. 

Executive functions such as inhibitory control, proactive 

and reactive control, and cognitive �exibility may also 

deteriorate, especially during prolonged sleep deprivation 
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Sleep deprivation is common among students, healthcare workers, and shift-based 

occupations and is associated with impaired cognition and altered brain function. Modern 

electrophysiological and neuroimaging methods (EEG/ERP and functional neuroimaging) help 

explain neurophysiological mechanisms underlying sleep-loss-related cognitive impairment. 

Objectives: To systematically evaluate the effects of sleep deprivation on cognitive outcomes 

and neurophysiological measures in human participants. Methods: This systematic review 

followed PRISMA 2020 guidelines. PubMed, Scopus, and the Cochrane Library were searched 

for studies published from January 2021 to December 2025. Eligible studies were original 

quantitative human research reporting at least one cognitive outcome (e.g., attention, working 

memory, executive function, reaction time) and one neurophysiological measure (EEG, ERP, 

fMRI, fNIRS, or multimodal) using total or partial sleep deprivation. Risk of bias was assessed 

using RoB 2 and the NIH Quality Assessment Tool. Due to heterogeneity, �ndings were 

synthesized narratively. Results: Sixteen studies were included. Sleep deprivation consistently 

impaired vigilant attention and reaction time (increased PVT lapses and slower responses). 

Executive control and cognitive �exibility were frequently reduced, whereas working memory 

effects were task- and load-dependent. Neurophysiological changes included altered EEG 

activity, modulation of ERP components (P300, N2, CNV), and disrupted connectivity in 

frontoparietal and default mode networks. Conclusions: Sleep deprivation produces 

reproducible attention and executive de�cits, accompanied by parallel neurophysiological 

alterations, underscoring the critical role of sleep in performance and safety. 
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or in situations requiring strong top-down cognitive 

regulation [5]. In contrast, some studies have reported 

relative preser vation of certain working-memor y 

outcomes under speci�c sleep restriction paradigms, 

suggesting that vulnerability to sleep loss may depend on 

task characteristics and cognitive load rather than 

representing a uniform impairment across all cognitive 

domains [6, 7]. A growing body of neurophysiological 

research has demonstrated that sleep deprivation is 

associated with measurable alterations in brain activity. 

Electroencephalography (EEG) studies have identi�ed 

changes in resting-state aperiodic activity and functional 

network organization, which may re�ect disrupted arousal 

regulation and reduced cortical e�ciency [8]. Event-

related potential (ERP) research has also shown 

modulation of attention- and control-related components, 

including P300, N2, and contingent negative variation 

(CNV), indicating that sleep deprivation may impair 

information-processing capacity and preparatory 

cognitive control mechanisms [9]. Similarly, functional 

neuroimaging studies have reported altered stability and 

connectivity within large-scale brain networks, including 

reduced engagement of frontoparietal control systems 

and changes in default mode and thalamic network activity, 

which are associated with behavioral impairments and 

sleepiness-related declines in performance [10].

Despite the extensive literature on sleep deprivation, 

recent years have witnessed rapid advances in multimodal 

neurophysiological techniques, including EEG/ERP, 

functional magnetic resonance imaging (fMRI), and 

functional near-infrared spectroscopy (fNIRS), as well as 

n e t w o r k - b a s e d  a n a l y t i c a l  a p p r o a c h e s .  T h e s e 

developments have provided new insights into attentional 

lapses as complex neurovascular and physiological 

processes. However, considerable variability in sleep 

deprivation paradigms, cognitive assessment tasks, and 

outcome reporting continues to pose challenges for 

synthesizing �ndings and translating them into clear 

educational and clinical implications. Therefore, this 

sys t e m a t i c  r e v i e w  w a s  c o n d u c t e d  t o  e v a l u a t e 

contemporary human evidence published between 2021 

and 2025 on the effects of sleep deprivation on cognitive 

outcomes and neurophysiological  measures.  By 

integrating �ndings from behavioral assessments and 

brain-based modalities, this study aims to identify the 

cognitive domains most consistently affected by sleep 

loss, characterize reproducible neurophysiological 

signatures, and highlight implications for performance, 

safety, and future research.

M E T H O D S

functions in human participants. It was reported and 
structured in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines. A prede�ned review protocol was 
followed throughout the review process, including 
literature searching, study selection, data extraction, and 
synthesis.  An electronic literature search was conducted 
in three major databases: PubMed, Scopus, and the 
Cochrane Library. Although the search was conducted in 
three major biomedical databases (PubMed, Scopus, and 
Cochrane Library), manual screening of reference lists was 
also performed to identify additional relevant studies. The 
search included studies published between January 2021 
and December 2025, and the �nal search was performed in 
December 2025. The search strategy combined controlled 
vocabulary terms and free-text keywords related to sleep 
d e p r i v a t i o n ,  c o g n i t i v e  p e r f o r m a n c e ,  a n d 
neurophysiological outcomes. The following Boolean 
strategy was applied with database-speci�c adaptations: 
(“sleep deprivation” OR “total sleep deprivation” OR “partial 
sleep restriction” OR “sleep loss”) AND (“cognitive function” 
OR “attention” OR “working memory” OR “executive 
function” OR “reaction time”) AND (“EEG” OR “ERP” OR “fMRI” 
OR “functional connectivity” OR “neurophysiology” OR “brain 
network”). In addition, reference lists of eligible studies 
were manually screened to identify any further relevant 
articles. Inclusion criteria comprised original quantitative 
human studies published between 2021 and 2025, 
employing experimental, within-subject, or longitudinal 
designs that investigated acute total sleep deprivation 
and/or partial sleep restriction (including time-in-bed 
restriction). Eligible studies were required to report at least 
one cognitive outcome (e.g., attention/vigilance, working 
memory, executive function/cognitive control, processing 
speed, reaction time, or accuracy/errors) and at least one 
neurophysiological outcome (EEG, ERP, fMRI, fNIRS, or 
multimodal measures). Cognitive outcomes were 
categorized into standardized domains, including vigilant 
attention, working memory, executive function/cognitive 
control, processing speed, reaction time, and accuracy, 
based on established neuropsychological classi�cations to 
ensure consistency across studies. Exclusion criteria 
included review articles, meta-analyses, case reports, 
conference abstracts, studies focused solely on clinical 
sleep disorders without an experimental sleep-loss 
paradigm, and non-human (animal or in vitro) studies. All 
records retrieved from databases were exported to 
reference management software, and duplicates were 
removed before screening. Titles and abstracts were 
screened to identify potentially eligible studies, followed by 
full-text assessment using the prespeci�ed inclusion and 
exclusion criteria. Any disagreements during screening or 
eligibility assessment were resolved through discussion 

The systematic review was conducted to assess the impact 
of sleep deprivation on cognitive and neurophysiological 
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Figure 1: Study Selection Process for the Systematic Review of 
Sleep Deprivation and Cognitive and Neurophysiological 
Outcomes

A total of 16 studies published between 2021 and 2025 were included in the �nal qualitative synthesis. Most studies employed 

experimental or within-subject designs and were conducted in healthy adult or adolescent populations. Sleep deprivation 

protocols included acute total sleep deprivation (24–36 hours), partial sleep restriction, or time-in-bed manipulation. Across 

studies, cognitive domains such as vigilant attention, executive function, working memory, reaction time, and processing 

speed were evaluated alongside neurophysiological measures including EEG, ERP, fMRI, and fNIRS. The results summarize 

the characteristics of the included studies examining the cognitive and neurophysiological effects of sleep deprivation. Most 

studies used experimental or within-subject designs, allowing within-participant comparison of sleep-deprived and rested 

states. The majority of studies implemented acute total sleep deprivation protocols ranging from overnight deprivation to 36 

hours of wakefulness, although some studies also investigated partial sleep restriction or time-in-bed manipulation. 

Cognitive outcomes frequently assessed included vigilant attention, inhibitory control, working memory, and cognitive 

�exibility, while neurophysiological measures primarily involved EEG, ERP, resting-state fMRI, or fNIRS-based hemodynamic 

responses. Across studies, sleep deprivation was consistently associated with impaired attention and executive 

performance, as well as measurable alterations in neural activity and brain network organization (Table 1).

R E S U L T S

Table 1: Characteristics of Included Studies (2021–2025) on Sleep Deprivation and Cognitive + Neurophysiological Outcomes
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Data were extracted using a standardized form that 

captured study design, sample characteristics, sleep 

deprivation protocol, cognitive domains assessed, 

neurophysiological modality, and key �ndings. Variability in 

sleep deprivation paradigms (e.g., total sleep deprivation, 

partial sleep restriction, and time-in-bed restriction 

protocols) was considered during narrative synthesis by 

examining the consistency and direction of reported 

outcomes across studies. Methodological quality was 

assessed using the Cochrane Risk of Bias 2 (RoB-2) tool for 

randomized and within-subject experimental studies and 

the NIH Quality Assessment Tool for non-randomized/ 

observational designs. Given substantial clinical and 

methodological heterogeneity across the included studies 

(including variation in sleep-loss paradigms, cognitive 

tasks, neurophysiological techniques, and outcome 

reporting), a meta-analysis was not performed. Instead, 

results were synthesized using a structured narrative 

approach, emphasizing consistency in direction and 

patterns of effects across cognitive domains and 

neurophysiological measures. Because individual 

participant data were not available across studies, 

associations between neurophysiological alterations and 

behavioral impairments were interpreted descriptively 

based on study-level �ndings. A formal sensitivity analysis 

was not performed because the review employed 

qualitative narrative synthesis; however, methodological 

quality assessment using validated risk-of-bias tools was 

incorporated when interpreting the strength of evidence.

and consensus. The study selection process, including the 
number of records identi�ed, screened, excluded, and 
included, is summarized in the PRISMA 2020 �ow diagram. 
The study shows the identi�cation of 473 records from 
electronic databases, removal of duplicates and ineligible 
records, screening of titles and abstracts, full-text 
eligibility assessment, and �nal inclusion of 16 studies in 
the qualitative synthesis (Figure 1). 
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Identification of studies via databases and registers

Records Screened
(n=395)

References Design/Sample Key Result (Direction)Cognitive Outcomes
Assessed

Neurophysiological
Outcomes

Sleep Deprivation
Exposure

[11]
Vigilant attention impairment

partly explained inhibitory-
control de�cits after sleep loss.

Experimental;
healthy adults

Total sleep deprivation and
partial sleep restriction

Inhibitory control + vigilant
attention

(Neurocognitive task-
based outcomes)

[12]
Experimental;

healthy participants Acute SD Vigilant attention
SD altered baseline brain

activity and worsened vigilant-
attention performance.

Baseline brain activity
changes



The study presents the direction of cognitive outcomes across studies following sleep deprivation. The most consistently 
reported de�cit was impaired vigilant attention, commonly measured using the Psychomotor Vigilance Test (PVT), which 
demonstrated increased lapses and slower reaction times in multiple studies. Executive function and cognitive control, 
including inhibitory control and cognitive �exibility, were also frequently affected. In contrast, working memory �ndings 
were less consistent, with several studies showing task-dependent or load-dependent impairment while others reported 
minimal change. Overall, sleep deprivation was associated with slower processing speed, prolonged reaction time, and 
increased error rates, re�ecting reduced cognitive e�ciency and performance stability (Table 2).
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[13] 24 h SD

SD changed the stability of
functional architecture and was
related to poorer neurocognitive

scores.

Within-subject;
24 healthy women

Digit symbol, digit span,
TMT, complex �gure

Resting-state fMRI
(functional stability

metrics)

[14]
Observational/

experimental; adults

Resting-state networks
(DMN/FPN/thalamus

activity patterns)

SD is associated with ↑ DMN/
thalamus activity and ↓ FPN

activity, correlating with
sleepiness.

Sleep deprivation (SD)
exposure

Vigilance / sleepiness-
related performance

[15]
Experimental;

adults
Total SD ERP

Cognitive load moderated SD
effects on working memory;

ERP markers shifted with SD.

Working memory under
different cognitive loads

[16]
Multisite; healthy

young adults
Total SD with recovery

SD increased “brain age”
prediction reversibly after

recovery.

Global cognitive state
(brain-age prediction)

Neuroimaging-based
brain-age metrics

[17] Acute SD
Executive/cognitive
task performance

SD altered prefrontal
hemodynamic responses,
consistent with reduced

executive e�ciency.

Experimental
(fNIRS); adults

fNIRS hemodynamic
response in PFC

[18] Sleep deprivationExperimental;
adults

Situational cognitive
impairment

Brain vital-sign monitoring
detected SD-related cognitive

impairment in a situational
paradigm.

“Brain vital signs”
(ERP-based monitoring

approach)

[19]
EEG network properties at

baseline related to vulnerability/
resilience on PVT under SD.

Experimental;
n=13

Extended wakefulness
/ SD protocol

Psychomotor
Vigilance Test (PVT)

EEG functional networks
(graph metrics)

[20] Experimental Total SD
Self-reported vigilance / 

alertness-linked outcomes

SD increased aperiodic offsets
(notably occipital) and related

to reduced vigilance.

Resting EEG
(aperiodic parameters;

alpha bandwidth)

[10]

Dose–response,
semi-longitudinal;
adolescents/young

adults

Attention control,
cognitive �exibility, PVT, 

working memory
(Behavioral emphasis)

Restriction to 7 h impaired
attention control & �exibility;

PVT worsened dose-
dependently; WM relatively

spared.

Time-in-bed restriction
(7 vs 8.5 vs 10 h for 4

nights)

[21] 24 h SD Cognitive �exibility tasks

SD impaired cognitive
�exibility with measurable
neuroelectrophysiological

alterations.

Experimental; 
adolescents/young

adults

Neuroelectrophysiology
 (ERP/EEG measures)

[22] Partial SD

Partial SD altered brain-state
switching/dynamics; age-related

differences reported.

Experimental:
young vs older

groups

Emotional/cognitive
performance indices

fMRI/network dynamics
(energy landscape)

[23] 36 h acute SD

SD disrupted FC in visual-related
circuits; changes correlated with

slower PVT and worse sleepiness/
mood.

Within-subject;
60 healthy males

PVT, sleepiness (ESS),
mood (POMS)

Resting-state fMRI
(visual-network FC)

[24] 36 h SD ERP (P3, CNV, N2)

SD impaired both proactive/
reactive control; ERP indices

showed altered control
dynamics under SD.

Within-subject;
n=33

AX-CPT (proactive vs
reactive control), RT/errors

[25] Overnight total SD

Attentional lapses after SD
aligned with coupled brain–body

dynamics, including neurovascular
and CSF-�ow pulsations.

Within-subject;
n=26

Attentional failures
during PVT

Fast fMRI–EEG + pupil + 
CSF �ow
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Table 2: Cognitive Outcomes Affected by Sleep Deprivation (Study-Wise Direction of Effect)

— — —↓ (cognitive �exibility) ↓ ↓

[20]

[11]

References Attention/Vigilance Working Memory Accuracy/ErrorsExecutive Function
/ Cognitive Control Reaction Time

↓ (PVT) —↓ (Go/
No-Go inhibition)

— ↓ (PVT + Go RT slower) ↓ (↑ omission errors
Go/No-Go)

[12] ↓ (PVT) — — — ↓ (PVT RT) ↓ (PVT lapses/poorer
performance)

[13] ↓ ↓ ↓ ↓ ↓ ↓

[14] —— —

—

—

—

—↓ (sleepiness-linked
performance reported)

[15] — — ↓ (worse
WM performance)

↓ (N-back;
load-dependent)

[16] ——————

[17] ↓ — ↓ ↓↓ ↓ (executive/
interference resolution)

[18] — — —

—

—

—

↓ (attention indexed via
P300 “brain vital signs”)

↓ (processing-related
ERP indices)

[19] ↓ (PVT lapses) —

—

—

—

—

—

↓ (PVT RT) ↓ (PVT
lapses/poorer PVT)

↓ (self-reported
vigilance/alertness)

[21]

[22] — — — — —
— (emotional performance

was highlighted rather than
classic domains)

Processing
Speed

[23] — — —↓ (PVT + sleepiness) ↓ (PVT) ↓ (PVT lapses/poorer
performance)

[24] — — —↓ (proactive +
reactive control)

↓ ↓ (↑ errors;
slower responses)

[25] — — —↓ (attentional
failures during PVT)

↓ ↓

↓ worsened/declined, ↔ no clear change/preserved, — not assessed/not reported. SD = sleep deprivation; PVT = psychomotor vigilance 
test; RT = reaction time; EF = executive function

The results summarize the neurophysiological alterations observed following sleep deprivation across included studies. 
EEG-based studies commonly reported changes in aperiodic activity, spectral dynamics, and functional network 
organization, suggesting disrupted cortical e�ciency and arousal regulation. ERP studies demonstrated alterations in 
attention- and control-related components such as P300, N2, and CNV, indicating slowed stimulus evaluation and reduced 
cognitive control under sleep-deprived conditions. Functional neuroimaging �ndings showed altered connectivity and 
stability within large-scale brain networks, particularly the default mode network (DMN), thalamic circuits, and frontoparietal 
control networks. Multimodal studies integrating EEG, fMRI, pupil dynamics, and cerebrospinal �uid (CSF) �ow further 
demonstrated that attentional lapses during sleep deprivation were associated with coordinated neurovascular and 
physiological �uctuations (Table 3).

Table 3: Neurophysiological Outcomes Affected by Sleep Deprivation (Study-Wise Direction of Effect) (2021–2025)

[13] —

—

—

—

—

—

—

—

References
fMRI Connectivity /

Stability
Neurovascular / Pupil

/ CSF Dynamics
Other NeurophysiologyERP (P300 / N2 / CNV /

N400)
EEG Spectral / Aperiodic

Activity

[11] — —

—

—

—

—

—

—

[12] — Baseline brain activity altered

Altered functional stabilit
 (shift vs baseline)

[16]
Neuroimaging “brain-age”
↑ after SD; reversible after

recovery

[14] — — ——
↑ DMN / thalamus activity;

↓ FPN activity

— — ——[15]
ERP altered with SD

(load-dependent change)

— — ——[17]
fNIRS PFC hemodynamic

response altered (task-
related change)



The �ndings present the risk-of-bias assessment for the included studies. Overall methodological quality was generally high, 
with most studies rated as having low risk of bias across major domains, including outcome measurement and handling of 
missing data. Some studies were classi�ed as having “some concerns”, primarily due to limitations in participant blinding, 
small sample sizes, or incomplete control of potential confounding factors. Importantly, no study was classi�ed as having a 
high overall risk of bias, suggesting a moderate-to-high level of con�dence in the reliability of the synthesized evidence. The 
quality appraisal supports the robustness of the overall �ndings linking sleep deprivation with measurable cognitive and 
neurophysiological alterations (Table 40.

Table 4: Risk of Bias Assessment of Included Studies (2021–2025)
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EEG coupled with lapses
(change reported)

Fast fMRI dynamics linked
to lapses (change reported)

Brain-state dynamics
altered (energy landscape

/switching)

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

[10]

[18]
ERP “brain vital signs”
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EEG functional networks

altered (graph metrics
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alpha bandwidth altered[20]

— (primarily behavioral
dose–response)—
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EEG/ERP

altered (neuroelectro-
physiological changes)

ERP altered (reported)
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[24]

Visual-network FC
disrupted (direction: altered

connectivity vs baseline)

P3, N2, CNV altered
(control-related ERP

changes)

—[25]

Neurovascular + pupil
+ CSF-�ow dynamics

coupled to attentional
failures

↑ increased, ↓ decreased, ↔ no clear change, — not assessed/not reported. EEG = electroencephalography; ERP = event-related potentials; 

fMRI = functional MRI; FC = functional connectivity; fNIRS = functional near-infrared spectroscopy; DMN = default mode network; FPN = 

frontoparietal network; CNV = contingent negative variation; P3/P300 = P300 component
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Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomized and within-subject experimental studies and the NIH Quality 

Assessment Tool for non-randomized and observational designs. Each study was rated as having low risk of bias, some concerns, or high 

risk of bias based on randomization procedures, blinding, outcome measurement, handling of missing data, and control of confounding



This systematic review synthesizes recent human 
evidence published between 2021 and 2025, examining the 
cognitive and neurophysiological consequences of sleep 
deprivation. Overall, the �ndings demonstrate that sleep 
deprivation produces consistent impairments in several 
cognitive domains, particularly vigilant attention and 
r e a c t i o n  t i m e ,  a c c o m p a n i e d  b y  m e a s u r a b l e 
neurophysiological alterations. Across the included 
studies, de�cits in vigilant attention commonly assessed 
using the Psychomotor Vigilance Test (PVT) were the most 
consistently reported behavioral outcomes. These 
impairments typically manifested as increased lapses, 
slower responses, and reduced performance accuracy 
during prolonged wakefulness or under cognitively 
demanding conditions [10, 19]. Similarly, several studies 
reported worsening of vigilant attention and reaction time, 
re�ected by increased PVT lapses, slower responses, and 
reduced task accuracy when sleep deprivation was 
prolonged, or tasks were cognitively demanding [10, 11]. 
Similarly, several studies reported worsening of vigilant 
attention and reaction time, re�ected by increased PVT 
lapses, slower responses, and reduced task accuracy when 
sleep deprivation was prolonged, or tasks were cognitively 
demanding [15, 18]. Supporting this, a recent ERP and 
reaction-time study demonstrated a signi�cant delay in 
P300 latency accompanied by slower reaction times 
following sleep deprivation, highlighting the sensitivity of 
P300 dynamics to acute sleep loss and their association 
with behavioral performance [26]. Similarly, EEG studies 
have shown that sleep deprivation alters spectral activity 
and functional network organization, which may re�ect 
decreased cortical e�ciency and disruption of arousal 
regulation [20]. These electrophysiological �ndings 
provide plausible mechanistic explanations linking sleep 
loss with de�cits in vigilance, cognitive �exibility, and 
executive control. A network-level explanation for impaired 
cognition following sleep deprivation is further supported 
by neuroimaging evidence. Several studies included in this 
review reported alterations in resting-state functional 
stability and connectivity, particularly involving decreased 
activity or connectivity in cognitive control systems such 
as the frontoparietal network and increased activity within 
internally directed networks such as the default mode 
network (DMN) and thalamic circuits [13, 14]. This pattern of 
reorganization is consistent with reduced top-down 
cognitive regulation and increased intrusion of internally 
directed processing during prolonged wakefulness. Such 
changes may contribute to attentional lapses and impaired 
response control. Additionally, more region-speci�c 
studies have demonstrated that acute sleep deprivation 
disrupts thalamocortical connectivity, which is strongly 
associated with declines in attentional performance [23, 

27]. Dynamic connectivity analyses further suggest that 
cognitive impairment following sleep loss is not static but 
�uctuates over time, with increased transitions between 
unstable brain states that correspond with variations in 
PVT performance during extended wakefulness [28]. 
T h e s e  � n d i n g s  s u g g e s t  t h a t  s l e e p  d e p r i va t i o n 
progressively destabilizes neural systems responsible for 
maintaining alertness and cognitive performance. The 
vulnerability to sleep deprivation may also vary according 
to age and exposure patterns. Evidence from adolescent 
and young adult populations suggests that sleep 
restriction produces dose-dependent impairments in 
attention control and cognitive �exibility while sometimes 
sparing certain working-memory tasks under low cognitive 
load. However, more prolonged deprivation, such as 24-
hour sleep loss in adolescents, has been associated with 
neuroelectro-physiological alterations accompanied by 
reduced cognitive �exibility [21]. Comparisons between 
younger and older adults also indicate that partial sleep 
deprivation may in�uence brain-state dynamics differently 
across age groups, suggesting possible age-related 
differences in neural compensation or vulnerability to 
sleep loss [29, 30]. Together, these �ndings indicate that 
developmental stage and the duration or type of sleep 
deprivation (acute total deprivation versus repeated 
restriction) in�uence the magnitude and pro�le of 
cognitive impairment. Beyond cognitive performance, 
emerging evidence suggests that sleep deprivation may 
also affect emotional processing and decision-making. 
Experimental research has demonstrated that sleep 
deprivation reduces the ability to engage in cognitive 
reappraisal, a key strategy involved in emotional regulation, 
which may negatively in�uence real-life decision-making 
under conditions of sleep debt [31]. Other studies have 
shown that sleep deprivation can increase reward 
sensitivity during sequential decision-making tasks, 
potentially altering decision strategies even when overall 
accuracy remains relatively preserved [32, 33]. These 
�ndings extend the impact of sleep deprivation beyond 
traditional cognitive domains and highlight its potential 
implications for decision-making in professional 
environments such as healthcare, education, and other 
safety-sensitive occupations [34, 35]. The certainty of the 
evidence synthesized in this review is generally favorable, 
as most studies were rated as having a low risk of bias.
Nevertheless, several limitations should be acknowledged. 
First, there was considerable heterogeneity in sleep 
deprivation paradigms, cognitive testing protocols, and 
neurophysiological methodologies, which limited the 
feasibility of conducting a quantitative meta-analysis and 
comparing effect sizes across studies. Second, many 
studies involved relatively small sample sizes, particularly 
in EEG-based network analyses, which may increase 
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C O N C L U S I O N S

Evidence from 2021–2025 demonstrates that sleep 

deprivation produces consistent impairments in vigilant 

attention, reaction time, and executive control, paralleled 

by reproducible neurophysiological alterations on 

EEG/ERP and network-level reorganization on functional 

neuroimaging. These �ndings support sleep loss as a 

measurable neurocognitive stressor with identi�able 

electrophysiological and connectivity signatures, 

underscoring the importance of sleep-protection 

strategies in students, shift workers, and safety-critical 

professions.

variability and limit generalizability. Third, sleep 
deprivation studies often face methodological challenges 
related to participant blinding, and some designs cannot 
fully exclude expectancy effects (Table 4). Finally, the 
predominance of healthy volunteer populations limits the 
generalizability of �ndings to clinical populations or 
individuals exposed to chronic sleep disruption, such as 
shift workers. Despite these limitations, consistent 
evidence across behavioral,  electrophysiological 
(EEG/ERP), and neuroimaging (fMRI/fNIRS) modalities 
supports the conclusion that sleep deprivation disrupts 
neural systems responsible for maintaining cognitive 
stability and attentional control. The convergence of 
�ndings across multiple methodologies highlights sleep 
deprivation as a measurable neurocognitive stressor with 
identi�able neural signatures. Future research should 
focus on standardized cognitive assessment batteries, 
harmonized reporting of neurophysiological outcomes, 
multimodal study designs, and ecologically valid settings 
such as healthcare shift work environments. Longitudinal 
studies examining recovery sleep will also be important to 
determine whether sleep deprivation leads to transient or 
persistent neurocognitive alterations.
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