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Chronic Kidney Disease (CKD) is a signi�cant global health 
issue, de�ned by structural and functional kidney damage 
or an eGFR of less than 60 ml/min per 1.73 m², persisting for 
three or more months [1]. CKD can progress to end-stage 
renal disease (ESRD), with a global prevalence reported to 
be 1,500 per million populations [2]. In Pakistan, its annual 
incidence exceeds 100 cases per million populations [3]. 
Healthcare providers face numerous complications in 
patients undergoing maintenance HD. Among them, 
metabolic acidosis is a notable concern. Both high and low 
serum bicarbonate levels are linked to increased mortality 
risk [4]. Hemodialysis (HD) induces rapid correction of 
acidosis, leading to transient alkalemia and subsequent 
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acid retention until the next session [5]. Post-HD metabolic 
alkalosis can also be detrimental, contributing to 
h y p o k a l a e m i a ,  h y p o c a l c a e m i a ,  a n d  e v e n t u a l l y 
arrhythmias. Bicarbonate levels exhibit dynamic changes 
during haemodialysis (HD), in�uenced by factors such as 
dialysate composition, individual buffering capacity, and 
residual kidney function. Rapid post-dialysis increases in 
serum bicarbonate can lead to transient metabolic 
alkalosis, while inter-dialytic declines may predispose 
patients to acidosis [5]. Additionally, metabolic alkalosis is 
associated with greater inter-dialytic weight gain and 
intra-dialytic hypotension, with mortality rates reaching up 
to 90% for pH levels exceeding 7.65 [6]. Variations in serum 
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Metabolic acidosis in hemodialysis signi�cantly affects morbidity and mortality. Understanding 

bicarbonate �uctuations is key to optimizing supplementation and dialysis protocols. 

Objectives: To determine the inter-dialytic and intra-dialytic changes in serum bicarbonate 

level among patients undergoing maintenance hemodialysis. Methods: This quasi-

experimental study was conducted at the Nephrology Department, Fatima Jinnah Medical 

University (FJMU)/Sir Ganga Ram Hospital, Lahore, after taking synopsis approval from the 

CPSP from August 2024 to January 2025. After taking consent, 60 patients on maintenance 

haemodialysis thrice weekly who met the selection criteria were enrolled. Inter-dialytic and 

intra-dialytic changes in serum bicarbonate levels were determined. Data were analyzed using 

SPSS version 26.0. Numerical values were presented as mean ± SD, and continuous variables 

were analysed using frequency and percentages.Inter-dialytic and intra-dialytic changes in 

bicarbonate levels were compared using a paired t-test; p≤0.05 was taken as signi�cant. 

Results: Pre-hemodialysis mean bicarbonate level was 18.65 ± 1.11 mEq/L, increased to 22.18 ± 

0.85 mEq/L post-hemodialysis, and by the next hemodialysis session, the mean pre-HD 

bicarbonate level reduced to 18.78 ± 1.02 mEq/L. Intra-dialytic change showed a mean increase 

of 3.53 ± 1.19 mEq/L, p-value<0.001 and inter-dialytic change demonstrated a decrease of 3.40 ± 

1.18 mEq/L, p-value<0.001. Conclusions: It was concluded that hemodialysis temporarily raises 

bicarbonate levels, but they drop before the next session, highlighting the need for optimized 

supplementation or dialysis adjustments to maintain stability.
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bicarbonate levels pre- and post-HD have been correlated 
with mortality in ESRD patients, with levels below 23 
mmol/L and above 32 mmol/L increasing the hazard ratio 
for death to 1.23 and 1.74, respectively [7]. Bicarbonate 
supplementation targeting a serum level of 24 mEq/L helps 
preserve muscle mass [8]. A study found that serum 
bicarbonate levels  increased by 4.9±0.3 mEq/L 
immediately post-HD, emphasizing signi�cant post-
dialytic shifts that impact electrolyte management in HD 
patients [9]. During dialysis, exposure to bicarbonate baths 
plays a crucial role in correcting metabolic acidosis, with 
clinical guidelines recommending that serum bicarbonate 
levels be maintained at or above 22 mEq/L [10]. 
Bicarbonate-based dialysate solutions are currently 
preferred due to their effectiveness in managing acid-base 
balance [11]. Despite the prevalence of metabolic acidosis 
in patients on maintenance haemodialysis (HD), there is a 
notable lack of local studies examining the �uctuations in 
serum bicarbonate levels during and between dialysis 
sessions. This gap in research is particularly important 
given the potential regional variations in dialysis protocols, 
dietary habits, and bicarbonate prescription practices in 
Pakistan, which may in�uence acid-base balance 
differently compared to other populations. 
Despite existing international evidence on acid–base 
disturbances in hemodialysis, there is a clear lack of local 
and region-speci�c data evaluating intra-dialytic and inter-
dialytic bicarbonate �uctuations in ESRD patients on 
maintenance hemodialysis in Pakistan. Current literature 
largely focuses on single-time-point bicarbonate 
measurements, while dynamic cyclical changes across 
dialysis sessions remain underexplored, particularly in 
re l at i o n  to  l o c a l  d i a l ys i s  p ra c t i ce s  a n d  p at i e n t 
characteristics. This gap limits optimized bicarbonate 
management strategies tailored to our population, 
potentially contributing to persistent metabolic acidosis or 
post-dialysis alkalosis. This study aims to evaluate the 
inter-dialytic and intra-dialytic changes in serum 
b i c a r b o n a te  l eve l s  a m o n g  p a t i e n t s  u n d e rg o i n g 
maintenance HD, aiming to provide insights that could 
enhance patient management and improve outcomes in 
our local setting.

months' duration were included. Patients on maintenance 

hemodialysis (MHD) for less than 3 months' duration and 

those on oral bicarbonate replacement at the time of 

enrolment in the study were excluded. A sample size of 60 

patients was estimated using a 95% con�dence level, 

absolute precision (d) of 0.15, and an expected mean 

change in bicarbonate level of 0.21 ± 0.59 [12]. Patients 

were enrolled using non-probability consecutive sampling. 

Before enrolment, written informed consent was obtained 

from all patients. Data were collected using pre-designed 

performa. The participants' age, gender, BMI, comorbid 

conditions (diabetes, i.e. known diabetics or fasting BSL 

>126mg/dl, hypertensive (HTN) or BP >130/90mmHg, and 

Ischemic heart disease), hepatitis B and C status were 

recorded at the start of the study. Each participant 

underwent haemodialysis using a Fresenius machine 

(model 4008S, 4008B, or FX8) with RENACARB Part B 

(bicarbonate 35 mmol/L) and Part A. The dialysate 

composition included sodium 140 mmol/L, potassium 2 

mmol/L, calcium 1.25 mmol/L, magnesium 0.5 mmol/L, and 

chloride 105 mmol/L, ensuring optimal acid-base balance. 

For each patient haemodialysis session lasted for 4 hours, 

with blood �ow rate set at 250-300 mL/min and 1cc of 

heparin was given to all patients and ultra�ltration was 

done according to the patient's dry weight. Blood samples 

were collected at three different time points. The �rst 

sample was taken just before dialysis, from the arterial port 

leading to the dialyzer (Sample 1). The second sample was 

taken at the end of the dialysis session, after reducing the 

blood pump �ow rate to 100 mL/min for 10-20 second 

period (Sample 2), and the third sample was taken 48 hours 

after the dialysis session, just before the next session 

begins (Sample 3). Serum bicarbonate levels were 

measured in all three samples to assess both intra-dialytic 

(pre-HD minus post-HD) and inter-dialytic (post-HD minus 

next session pre-HD) changes in bicarbonate levels. Serum 

bicarbonate levels were measured using a biochemical 

analyzer, ensuring accurate and standardized assessment 

of acid-base balance during and between dialysis sessions. 

Data were analysed using SPSS version 26.0. Quantitative 

variables like age, BMI, and bicarbonate levels were 

expressed as mean and SD, whereas qualitative variables 

like gender, comorbidities were presented as frequency 

and percentages. Change in bicarbonate levels (both inter 

and intra HD session) was compared using a paired t-test, 

p≤0.05 was taken as signi�cant.

M E T H O D S

This quasi-experimental study was conducted at the 

Nephrology Department, Fatima Jinnah Medical University 

(FJMU)/Sir Ganga Ram Hospital, Lahore, after taking 

synopsis approval from the CPSP from August 2024 to 

January 2025. Sixty patients meeting the selection criteria 

were enrolled in this study from the Dialysis unit. Both male 

and female aged 18-70 years, end-stage renal disease 

p at i e n t s  ( e G F R  < 1 5 m l /m i n /m 2 )  o n  m a i n te n a n c e 

haemodialysis thrice a week via AV-�stula for more than 3 

R E S U L T S

The study population (n=60) had a mean age of 49.80 ± 12.08 
years; among them, 55% were male (n=33), and 45% were 
female (n=27). The mean BMI noted was 24.30 ± 1.72 kg/m². 
Regarding comorbidities, 42% had DM, 60% had HTN, 32% 
had IHD, 12% tested positive for Hepatitis B, and 10% tested 
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Table 2: Mean Change in Bicarbonate Level

Results present the changes in serum bicarbonate levels; 
intra-dialytic change, showed mean increase of 3.53 ± 1.19 
mEq/L, with 95% con�dence interval ranging from 3.22 to 
3.84, which was statistically signi�cant (p-value=0.000). 
The inter-dialytic change, demonstrated decrease of 3.40 
± 1.18 mEq/L, also reaching statistical signi�cance (p-
value=0.000) (Table 2).

Change in Bicarbonate Level

Intra Dialytic Change (Post HD- 
Pre HD)

Inter Dialytic Change
 (Post HD-Next Session Pre HD)

Mean ± SD
 (mEq/L)

3.53 ± 1.19

3.40 ± 1.18

95% (CI)
(Lower-Upper)

p-
Value

3.22-3.84

3.09-3.70

<0.001

<0.001

When the data were strati�ed for age, gender, BMI, DM, and 
HTN, both intra-dialytic and inter-dialytic bicarbonate 
levels showed a signi�cant increase in post-HD and a 
decrease in next session pre-HD bicarbonate levels, 
p<0.001 (Table 3).

Table 3: Data Strati�cation

Strati�ed Groups

Gender

DM

Inter and Intra 
Dialytic Change in 
Bicarbonate Level

Inter

Intra

Inter

Intra

Inter

Intra

Mean ± SD 
(mEq/L)

p-Value

3.48 ± 1.22

3.57 ± 1.29

3.29 ± 1.13

3.48 ± 1.08

3.52 ± 1.26

3.56 ± 1.32

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Male 
(n=35)

Female 
(n=27)

Yes 
(n=25)

D I S C U S S I O N

Proper management of acid-base balance, speci�cally 
metabolic acidosis in ESRD patients undergoing HD, is 
essential, as persistent acidosis can lead to adverse 
outcomes such as cardiovascular complications, bone 
disease, and muscle wasting, underscoring the importance 
of effective bicarbonate regulation in this population.This 
study has examined serum bicarbonate �uctuations in 
patients undergoing thrice-weekly maintenance 
hemodialysis. Recent guidelines emphasize individualized 
bicarbonate prescriptions based on baseline acid-base 
status, dietary acid load, and comorbidities to prevent 
complications such as post-dialysis alkalosis, intradialytic 
hypotension, and increased mortality risk. Maintaining pre-
dialysis serum bicarbonate levels around 22–24 mmol/L is 
recommended to optimize clinical outcomes and muscle 
mass preservation [10]. Current study demographics 
showed a mean age of 49.80 ± 12.08 years among ESRD 
patients, with a higher proportion of male (55%) compared 
to female (45%). In this study, 42% of ESRD patients on HD 
had DM, 60% had HTN, 32% had IHD, 12% tested positive for 
Hepatitis B, and 10% for Hepatitis C. Local studies from 
Lahore and Karachi reported mean ages of ESRD patients 
at 43.13 and 51.68 years, respectively [13, 14]. In a study by 
Ejaz et al., hypertension was present in 69.5% and diabetes 
in 64.8% of ESRD patients,  higher than current 
observations, though gender distribution was similar (male 
58.1%, female 41.9%) [15]. A 2022 study in Pakistan found 
slightly lower rates of Hepatitis B and C (8% and 4%, 
respectively) in ESRD patients on HD [16].In the current 
study, pre-HD mean bicarbonate levels were 18.65 ± 1.11 
mEq/L, rising to 22.18 ± 0.85 mEq/L post-HD, but dropping 
to 18.78 ± 1.02 mEq/L by the next session.Similarly, Abd et 
al., reported mean bicarbonate levels increasing from 18.0 
± 1.8 to 23.4 ± 2.1 mmol/L, effectively correcting 
intradialytic acidosis [17]. Kourtellidou et al., also observed 
pre-dialysis bicarbonate levels rising from 18.15 ± 1.35 to 
20.27 ± 1.88 mmol/L [18].A mathematical model suggests 
that individualized bicarbonate dialysate prescriptions can 
maintain pre-dialytic bicarbonate levels within the target 
range, improving patient outcomes, as maintaining levels 
above 22 mmol/L is crucial due to the associated lower 
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Table 1: Summary of Qualitative and Quantitative Variables of 
Study Population (n=60)

25 (42%)

35 (58%)

36 (60%)

24 (40%)

19 (32%)

41 (68%)

7 (12%)

53 (88%)

6 (10%)

54 (90%)

18.65 ± 1.11

22.18 ± 0.85

18.78 ± 1.02

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

DM

HTN

IHD

Hepatitis B Positive

Hepatitis C Positive

Pre HD Bicarbonate mEq/L

Post HD Bicarbonate mEq/L

Next Session Pre-HD Bicarbonate mEq/L

Variables

Age (Years)
2BMI (Kg/m )

n (%), (Mean ± SD)

49.80 ± 12.08

24.30 1.72

33 (55%)

27 (45%)

Male

Female
Gender

positive for Hepatitis C. Pre-haemodialysis bicarbonate 
was 18.65 ± 1.11 mEq/L, rising to 22.18 ± 0.85 mEq/L post-
dialysis but declining to 18.78 ± 1.02 mEq/L by the next 
session, showing a cyclical pattern (Table 1).

HTN

Age

Inter

Intra

Inter

Intra

Inter

Intra

Inter

Intra

Inter

Intra

3.31 ± 1.13

3.51 ± 1.12

3.47 ± 1.18

3.55 ± 1.25

3.29 ± 1.19

3.50 ± 1.14

3.40 ± 1.45

3.60 ± 1.45

3.40 ± 0.85

3.46 ± 0.89

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

No
 (n=35)

Yes
 (n=36)

No 
(n=24)

<50 Years
 (n=29)

≥50 Years  
(29)



C O N C L U S I O N S

It was concluded that hemodialysis temporarily raises 
bicarbonate levels, but they drop before the next session, 
highlighting the need for optimized supplementation or 
dialysis adjustments to maintain stability.

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

Conceptualization: HJ
1 2Methodology: HJ, SA , MSY, SA , SAR, SR

Formal analysis: HJ
2Writing and Drafting: MSY, SA

2Review and Editing: MSY, SA  , SAR, SR

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.

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

mortality risk [19]. Some studies, however, indicate that 
rapid changes in bicarbonate levels during dialysis may not 
be necessary, as levels often return to baseline within 44 to 
68 hours' post-dialysis, aligning with the current �ndings 
[20].The literature underscores that while increasing 
dialysate bicarbonate can alleviate pre-dialysis acidemia, it 
often results in post-dialysis alkalemia and does not 
su�ciently maintain acid-base balance during the inter-
dialytic period. Oral bicarbonate supplementation provides 
a more effective solution by stabilizing acid-base status 
without causing signi�cant post-dialysis alkalemia, 
suggesting that individualized bicarbonate management 
could improve patient outcomes by maintaining a more 
consistent acid-base balance throughout the dialysis cycle 
[21]. Bicarbonate �uctuations in haemodialysis patients 
are in�uenced by multiple factors, including dialysate 
bicarbonate concentration, diffusion gradients, and the 
body's compensatory mechanisms. During dialysis, 
bicarbonate is transferred from the dialysate into blood via 
diffusion, rapidly correcting metabolic acidosis. However, 
post-dialysis, a phenomenon known as "bicarbonate 
rebound" occurs due to the redistribution of bicarbonate 
from the extracellular to the intracellular compartment and 
ongoing metabolic acid production. Inter-dialytic 
�uctuations arise from dietary acid intake, residual kidney 
function, and the body's inability to maintain acid-base 
homeostasis between sessions [5].
This study was limited by its single-center design, relatively 
small sample size, and short follow-up duration, which may 
restrict generalizability to broader ESRD populations. 
Additionally, potential confounders such as dietary acid 
intake, residual renal function, and variability in individual 
dialysis prescriptions were not fully controlled. Future 
studies should include multicenter,  large-scale 
longitudinal designs with standardized dialysate protocols 
and incorporation of nutritional and residual kidney 
function assessments. It is also recommended to evaluate 
the impact of individualized bicarbonate prescription and 
oral supplementation strategies on long-term outcomes 
such as mortality, hospitalization rates, and quality of life in 
hemodialysis patients.
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