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Hemodynamic stability is a critical concern in cardiac patients. The choice of induction agent
significantly influences cardiac output and tissue perfusion. Objectives: To compare the effect
of induction with ketamine and midazolam vs. propofol on perfusion index in cardiac patients
under general anesthesia. Methods: This quasi-experimental study was done from January
2024 to June 2024 at the Department of Anesthesia, Mayo Hospital, Lahore. Total 146 patients
undergoing non-cardiac surgery were included after taking written consent. Patients were
assigned to two equal Groups: M (midazolam and ketamine) or Group P (propofol). Qutcome
parameters, including SBP, MAP, and perfusion index, were recorded pre- and post-induction.
Data were collected using a proforma and analyzed with SPSS-26. Results: Post-induction,
mean SBP in Group M was higher, 126.02 + 12.58 mmHg, vs Group P, 120.61 + 13.09 mmHg, p-
value=0.01. Post-induction mean MAP in Group M and P calculated was 74.17 £ 10.06 mmHg, and
71.02 £9.82 mmHg, p-value=0.050. Post-induction Plin Group M was also higher, 1.88 + 0.40, vs
Group P, 1.69 + 0.28, p-value=0.001. Conclusions: Findings of the current study suggest that
induction with ketamine and midazolam may lead to increased post-induction mean perfusion
index as compared to propofol in cardiac patients. Therefore, assists in maintaining peripheral
perfusion in cardiac patients, which could be beneficial for postoperative recovery and
minimizing complications.

INTRODUCTION

Modern surgery requires general anesthesia to perform
intricate procedures while maintaining patient comfort
and safety [1]. Because it establishes the foundation for
steady hemodynamics and adequate tissue perfusion
throughout the procedure, the induction phase is very
crucial. Selecting the right induction agent is crucial for
cardiac patients, since excellent outcomes depend on

maintaining optimum perfusion[2]. Due to their underlying
cardiovascular problems, cardiac patients might become
more complex during the perioperative phase and pose
particular challenges [3]. Cardiovascular stability and
tissue oxygenation, two important factors, are greatly
influenced by the induction agent. The perfusion index
serves as an indicator of peripheral perfusion and tissue
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oxygenation [4]. An increase in Pl suggests enhanced
peripheral blood flow and oxygenation, while a decrease
may indicate compromised perfusion [5]. A prior review
examined how different induction agents affect
hemodynamics in patients with IHD. Overall, all agents
caused significant dropsin blood pressure, heart rate, and
cardiac index. However, the midazolam group uniquely
avoided increases in blood pressure during induction [6].
Propofol, a lipid-soluble, non-opioid, non-barbiturate
sedative-hypnotic with a quick onset and brief duration of
action, iscommonly used forinduction. Propofol can have a
substantialinfluence on the cardiovascular system despite
itsadvantages. Patients with congenital heart disease may
be more susceptible to arrhythmias. Propofol's
suppression of the sympathetic nervous system and
disruption of baroreflex-regulating systems, which are
critical for preserving cardiovascular stability, are blamed
for these cardiovascular consequences[7]. Ketamine isan
anesthetic that has hypnotic, amnestic, and analgesic
effects. It has a powerful analgesic impact with no
cardiovascular or respiratory depression. However,
because it tends to enhance myocardial oxygen demand
anditsarrhythmogenic effects, utilizing ketamine alone for
induction in cardiac patients raises concerns [8]. A
benzodiazepine with a quick onset and short half-life,
midazolam has hypnotic, amnestic, anticonvulsant, and
anxiolytic effects [9]. Propofol can be used effectively at
lower doses when combined with ketamine to reduce its
negative effects. Accordingtoaprior study, midazolamand
ketamine together produced more hemodynamic stability
compared to midazolam and propofol, although both
combinations had comparable results in terms of post-
anesthesiarecoveryand patientcomfort[10].

Although previous studies have compared the
hemodynamic effects of various induction agents in
cardiac populations, most have focused on systemic
parameters rather than direct measures of peripheral
tissue perfusion. Therefore, this study aims to address the
knowledge gap by investigating the effect of induction with
ketamine and midazolam compared to propofol on
perfusion index in cardiac patients undergoing general
anesthesia.

METHODS

This quasi-experimental study was conducted after
obtaining ethical approval from the IRB (367/RC/KEMU) of
King Edward Medical University. Sample size of 146 (73 in
each group) was estimated at 5% significance level and
95% power, based onthe expected mean perfusionindex of
1.6 +1.3in the ketamine and midazolam group and 2.4 + 2.4
in the propofol group [11]. This study was done from
January 2024 to June 2024, and for patient enrollment, a
non-probability consecutive sampling method was used.
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Written informed consent was obtained from patients
before enrollment. Patients aged 40 to 65 years of both
genders, belonging to ASA | or Il, and diagnosed as cardiac
patients undergoing elective non-cardiac surgery under
general anesthesia were included. Cardiac patients were
defined as having a history/medical record suggestive of
CAD, ECG showing ischemic changes (ST segment
depression/T wave inversions/LBBB/RBBB/Q waves), or
Echocardiography with EF < 45% / segmental wall motion
abnormalities. Patients with congenital or valvular heart
disease, Raynaud's disease, uncontrolled diabetes mellitus
or hypertension, known allergies to study drugs, those on
vasoactive drugs such as calcium channel blockers or
ARBs, individuals with substance abuse, and those
suffering from severe systemic non-cardiac disease were
excluded. Each patient's demographic data was recorded.
A detailed medical history and thorough clinical
examination were performed, and all relevant baseline
investigations were done to ensure compliance with
inclusion and exclusion criteria. Patients were assigned to
two equal groups according to assigned drug: Group M
(ketamine and midazolam) or Group P (propofol). All
patients were kept NPO for at least eight hours before
induction. Upon arrival in OT, the IV line was secured, and
standard monitoring was established. A pulse oximeter
sensor was attached to the forefinger of one hand, while
noninvasive BP monitoring was applied to the opposite
arm. A core body temperature probe was also attached to
prevent hypothermia-induced vasoconstriction. Perfusion
index, HR, BP, and MAP were recorded during the pre-
induction phase. ECG and Sp0O. monitoring were initiated,
and baseline vital signs were documented. Patients were
preoxygenated with 100% oxygen at 6 L/min and
premedicated with IV nalbuphine 0.1 mg/kg and
dexamethasone 0.1 mg/kg. Induction in Group M was
performed using intravenous ketamine 0.5 mg/kg
combined with midazolam 0.4 mg/kg, whereas Group P
received propofol 2 mg/kg administered slowly until loss of
verbal response. After confirming adequate bag-mask
ventilation, muscle relaxation was achieved with
atracurium IV 0.5 mg/kg. Patients were ventilated with
100% oxygen and isoflurane at 1.2 MAC for five minutes,
during which data were recorded for all parameters at five
minutes post-induction, similar to pre-induction
measurements. Pl was recorded using a pulse oximeter
before and 5 minutes afterinduction. It was measured after
5 minutes of induction. Endotracheal intubation was
performed by an experienced anesthetist using an
appropriately sized tube, and proper placement was
confirmed by auscultation and end-tidal CO. monitoring.
Mechanical ventilation was maintained with VT 6-8 mL/kg,
RR 12 breaths/minute, I: E 1:2, and oxygen 2 L/min, while
anesthesia was maintained with oxygen and isoflurane.
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MAP below 60 mmHg or systolic BP below 90 mmHg was
considered severe hypotension and managed with
intravenous fluids and adrenaline as required. Bradycardia,
defined as adecrease in heart rate by 20% below baseline,
was treated with atropine. Intraoperative management
continued as necessary throughout the procedure. At the
end of surgery, anesthesia was reversed with IV
neostigmine (0.03mg/kg) and atropine (0.01mg/kg). After
satisfactory recovery, patients were extubated and shifted
to PACU, where they were observed for two hours. All data
wererecordedonapredesigned proforma.

Data were investigated in SPSS version 26. Normality of
continuous variables was assessed using the Shapiro-Wilk
test before analysis. Quantitative variables were presented
as mean + standard deviation. Qualitative variables as
frequency and percentage. The datawere stratified by age,
gender, BMI, and ASA classification. After stratification,
comparisons of Pl between groups were conducted using
an independent samples t-test; a p-value of <0.050 was
considered statistically significant.

RESULTS

Both groups were compared in terms of demographic
characteristics. The mean age in Groups M and P was
calculated to be 54.68 + 7.00 years and 54.34 + 7.32 years
(p>0.05). Gender distribution found 49.3% malesand 50.7%
femalesin Group M and 50.7% males and 49.3% females in

Table 2: Comparison of Hemodynamic Parametersamong Groups

Variables
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Group P (p>0.050). Mean BMI was similar between groups
(25.76 + 2.74 kg/m? vs. 25.28 + 3.17 kg/m?% p>0.050).
Distribution of ASA physical status was also comparable,
with 54.8% of patients classified as ASAland 45.2% as ASA
[lin Group M, compared to 58.9% and 41.1%, respectively, in
Group P(p>0.050)(Table1).

Table 1: Comparison of Baseline Characteristics among Study
Groups

Group M (Midazolam Group P (Propofol),

Variables + Ketamine), n=73, n=73, Mean £ SD/ va':;;e
Mean = SD/n (%) n(%)
Age (Years) 54.68+7.00 54.34 +7.32 0.775
Male 36(49.3%) 37(50.7%)
<0.001
Female 37(50.7%) 36(49.3%)
BMI (kg/m?) 25.76 £ 2.74 25.28+3.17 0.329
ASA Status | 40(54.8%) 43(58.9%) 0.738
ASA Status I| 33(45.2%) 30(41.1%) )

Group M (Midazolam + Ketamine)

Comparison of hemodynamic parameters revealed no
significant difference in pre-induction systolic BP(p=0.94),
MAP(p=0.45), and perfusionindex(p=0.57). However, post-
induction SBP was significantly higher in Group M(126.02 +
12.58 mmHg) compared to Group P (120.61 + 13.09 mmHg;
p=0.01). MAP was also significantly higher in the Midazolam
+ Ketamine group (74.17 + 10.06 mmHg) vs the Propofol
group (71.02 + 9.82 mmHg; p=0.05). Post induction, a
significant increase in Pl was observed in Group M (1.88 +
0.40)comparedto Group P(1.69+0.28; p=0.001)(Table 2).

Group P (Propofol) n=73

(Mean * SD) Mean Difference (95% Cl)

p-value

n=73 (Mean  SD)

Systolic Blood Pre-Induction 128.35 +12.24 128.49 +12.09 -0.14(~4.03 to 3.75) 0.940

Pressure (mmHg) Post-Induction 126.02 +12.58 120.61+13.09 5.41(1.18 to 9.64) 0.007*

Mean Arterial Pressure Pre-Induction 75.82 +10.34 77.12 £10.73 -1.30(-4.70 to 2.10) 0.450

(mmHg) Post-Induction 74.17+10.06 71.02+9.82 3.15(-0.12 t0 6.42) 0.050*

. Pre-Induction 1.60£0.25 1.57+0.28 0.03(-0.06t0 0.12) 0.570
Perfusion Index (PI) -

Post-Induction 1.88+0.40 1.69+0.28 0.19(0.08 to 0.30) 0.0071*

*Statistically significantat p<0.050

Stratified analysis of post-induction perfusion index demonstrated significant differences in specific subgroups. Among
males, Group M showed significantly higher Pl values compared to Group P(p=0.004), while in females the difference was not
statistically significant(p=0.11). When stratified by ASA status, significant differences were observed in both ASA |(p=0.040)
and ASAIl(p=0.01)patients, favoring the Midazolam + Ketamine group. With respect to age, patients aged <50 years(p=0.050)
andthose aged >50-65 years(p=0.006) both demonstrated significantly higher Pl values in Group M. Similarly, when analyzed
by BMI, patients with BMI >25-30 kg/m?* showed significant difference (p=0.004), whereas those with BMI between 20-<25

kg/m*did not(p=0.080)(Table 3).

Table 3: Stratified Comparison of Post-Induction Perfusion Index(Pl)Between Study Groups

Group M (Midazolam +
Ketamine) Mean £ SD

Stratification
Variables

Category

Group P (Propofol) n=73

Interaction
p-value

Mean Difference

(85% Cl) EgElis

(Mean £ SD)

Male 1.92 +0.41 1.68+0.29 0.24(0.08 to 0.40) 0.004*

Gender 0.030*
Female 1.83+0.38 1.72 £0.27 0.11(-0.03 to 0.25) 0.110
| 1.90 £ 0.39 1.70+0.26 0.20(0.01t0 0.39) 0.040*

ASA Status 0.020*
Il 1.86 +0.42 1.65+0.30 0.21(0.06 t0 0.36) 0.010*
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<50 1.84+0.37 1.70 £0.25 0.14(0.00 to 0.28) 0.050*

Age (years) 0.010*
>50-65 1.91+£0.43 1.66 £ 0.30 0.25(0.08t0 0.42) 0.006*
) 20-<25 1.82+0.36 1.73+0.27 0.09(-0.02 t0 0.20) 0.080

BMI (kg/m?) 0.040*
>25-30 1.94 + 0.44 1.65+0.29 0.29(0.10 to 0.48) 0.004*

DISCUSSION

Poor peripheral perfusion has been associated with poor
surgical outcomes according to recent studies [12].
Improved peripheral perfusion enhances tissue
oxygenation, which is essential for better wound healing,
reduced infection rates, and decreased in-hospital
mortality [13]. In the present study, post-induction mean
perfusion index was significantly higher in Group M
(ketamine + midazolam)at 1.88 + 0.40 compared to Group P
(propofol) at 1.69 + 0.28 (p=0.001), indicating better
peripheral perfusion with the ketamine-midazolam
combination. These findings are consistent with Zhou et al.
who reported that Pl values remained consistently higher
in patients receiving ketamine than those receiving
propofol at several time points—during induction (mean
difference=1.01, p=0.007), pre-intubation(meandifference
= 1.48, p=0.001), and post-intubation (mean difference =
1.28, p=0.010)[11]. Similarly, Mohamed et al. also observed
an overall increase in Pl with both dexmedetomidine and
midazolam, though the difference was not significant
(p=0.610), suggesting that sedative agents can improve PI
to varying extents [14]. In contrast, Nakasuji and
colleagues found that Pl measurements after intravenous
propofol induction remained comparable between high-
and low-risk groups during the initial three minutes, with
increases becoming evident only at four and five minutes
post-induction(4.5+1.7vs.6.1+2.4and 4.3+1.8vs.6.5+2.5,
respectively). This finding reflects propofol's transient and
delayed vasodilatory effect, which may explain the
comparatively lower Pl observedin our propofol group[15].
Ketamine's ability to maintainblood pressureand heartrate
can counteract the depressant effects of midazolam,
potentially leading to more stable hemodynamic
parameters during anesthesia induction and maintenance
[16, 17]. In the current study, both SBP and MAP were
significantly higher in Group M (p=0.010 and p=0.050,
respectively)as comparedto Group P. Afghaniyan et al. also
reported that propofol significantly decreases systolic and
mean arterial blood pressure (p<0.001), particularly in
patients undergoing CABG, as compared to midazolam
[18]. Atchley et al. conducted a study on high-risk patients
in the ICU and found similar results, showing that propofol
was associated with significantly higher rates of
hypotension (p<0.001)and bradycardia(p<0.001) compared
with ketamine combined with dexmedetomidine [19].
Baysal et al. conducted a study on children who underwent
cardiac catheterization and found that propofol use led to
significant decreases in mean arterial pressure (p=0.001)
and oxygen saturation, whereas ketamine/midazolam

maintained more stable hemodynamic parameters with
non-significant changes in mean arterial pressure
(p=0.544)and amoderatereductioninheartrate[20].
Limitations of the current study include the relatively small
sample size, which may limit the generalizability of the
findings to a broader cardiac patient population.
Additionally, variations in individual responses to
anesthetic agents due to co-morbidities and baseline
hemodynamic status may also have influenced the results.
Finally, the use of non-invasive monitoring for perfusion
index may not capture all hemodynamic changes
comparedtoinvasive measurements.

CONCLUSIONS

Findings of the current study suggest that induction with
ketamine and midazolam may lead to increased post-
induction mean perfusion index as compared to propofolin
cardiac patients. These findings highlight the potential of
using ketamine and midazolam for improving or
maintaining peripheral perfusionin cardiac patients, which
could be beneficial for postoperative recovery and
minimizing complications.
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