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Endoscopic Retrograde Cholangiopancreatography (ERCP) is a complex endoscopic 

procedure. The combination of Propofol with dexmedetomidine or ketamine is commonly used, 

but the comparative e�cacy and safety of these combinations remain a topic of debate. 

Objective: To compare the effects of propofol-dexmedetomidine versus propofol-ketamine for 

anesthesia in patients undergoing ERCP. Methods: This prospective cohort study was 

conducted at Fatima Memorial Hospital from 20 December 2025 to 20 June 2026. Consecutive 

sampling was used to select 150 ERCP patients, who were further allocated to two groups: 

propofol-dexmedetomidine (n=75) and propofol-ketamine (n=75). Baseline characteristics, 

hemodynamic parameters, total propofol dose, recovery time, adverse events, and satisfaction 

scores were measured. Data were analyzed using SPSS version 26.0, and the p-value ≤0.05 was 

regarded as signi�cant. Results: Propofol-dexmedetomidine achieved greater reductions in 

intra-procedural heart rate and BP (all p<0.001), shorter recovery time (p<0.001), and higher 

endoscopist and patient satisfaction (p=0.006 and p=0.018). A higher incidence of bradycardia 

(p=0.005) and hypotension (p=0.016) was seen with dexmedetomidine, while more propofol was 

used with propofol-ketamine (p<0.001) and more excessive secretions (p=0.031) and 

agitation/emergence reactions (p=0.034). There was no signi�cant difference in crude 

incidence of ≥1 MAE (p=0.051). Conclusions: Propofol-dexmedetomidine allowed for better 

procedural conditions and satisfaction, and propofol-ketamine allowed for better 

hemodynamic stability. Each patient should be assessed based on their risk pro�le and the 

requirements for their procedure.

Endoscopic Retrograde Cholangiopancreatography 
(ERCP) is an advanced endoscopic diagnostic and 
therapeutic technique, which is utilized in the treatment of 
a broad range of pancreatobiliary diseases [1]. ERCP has 
been transformed from a diagnostic procedure to a 
specialized therapeutic procedure that has substantially 
helped in the management of hepatobiliary diseases and 
led to a signi�cant decrease in the need for invasive 
surgical procedures [2]. ERCP is a procedure that is 
performed on thousands of individuals worldwide each 
year, including more than 500,000 people in the U.S. each 

year [3]. The growing incidence of gallstone disease, 
cholangiocarcinoma, and the aging population with 
multiple comorbidities have further favored the use of 
ERCP worldwide [4]. ERCP has unique anesthetic 
challenges in spite of its therapeutic bene�ts [5]. This is 
often performed in the prone or semi-prone position, and 
airway access may be challenging; hypoventilation, 
hypoxemia, aspiration, and hemodynamic instability are all 
possibilities, and the procedure is often long and painful 
[6]. This requires su�cient sedation or anesthesia to 
achieve patient immobility, comfort, procedural success, 
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endoscopist satisfaction, and decrease peri-procedural 
complications [7]. The ideal anesthetic plan for ERCP 
should include rapid onset, predictable level of sedation, 
cardiovascular stability, analgesic effects, early recovery, 
and minimal respiratory depression [8]. The rapid onset of 
action, short duration, and quick recovery of propofol make 
it one of the most commonly used sedative agents for ERCP 
[9]. Propofol, however, has no intrinsic analgesic 
properties, and dose-related side effects include 
hypotension, bradycardia, and respiratory depression [10]. 
Therefore, the use of propofol with adjunctive drugs has 
become a topic of interest to improve analgesia, to 
decrease propofol requirements, and to increase 
h e m o d y n a m i c  a n d  r e s p i r a t o r y  s a f e t y  [ 1 1 ] . 
Dexmedetomidine achieves a sedation that resembles 
natural sleep with little respiratory depression and has 
anxiolytic and mild analgesic effects [12]. Ketamine 
provides a powerful analgesic, amnesic, and airway re�ex 
and respiratory drive-sparing effect [13-15]. 
Propofol-dexmedetomidine and propofol-ketamine have 
both been studied for use in ERCP for anesthesia, but the 
results have been inconsistent, due to differences in 
patient populations, dosing regimens, sedation goals, and 
endpoints. Most comparisons were performed on a small 
sample size and were mainly based on hemodynamics, 
propofol requirements, or recovery. There is limited 
e v i d e n c e  i n  P a k i s t a n  w i t h  s t u d i e s  c o m p a r i n g 
dexmedetomidine to ketamine in moderate sedation, but 
few studies comparing the two propofol-based protocols in 
a wider variety of peri-procedural outcomes. So, there is 
still a need for locally relevant evidence to compare 
propofol-dexmedetomidine combinations with propofol-
ketamine combinations in Pakistani patients undergoing 
ERCP. The present study aims to compare their 
hemodynamic pro�les, propofol usage, recover y 
characteristics, patient and endoscopist satisfaction, and 
adverse-event distribution in a Pakistani tertiary care 
center in this setting.

group was 378.9 ± 111.9 mg, and in the propofol-ketamine 
group, it was 454.8 ± 169.9 mg. Assuming a two-sided α of 
0.05, 80% power, and equal allocation, the minimum 
sample size was approximately 116 patients (58 per group). 
To provide greater statistical precision and better 
representation of both anesthetic groups, we included 150 
patients (75 per group). A non-probability consecutive 
sampling technique was employed. Eligible patients were 
c o n s e c u t i ve l y  e n ro l l e d  i n  a c c o rd a n c e  w i t h  t h e 
recommended anesthetic regimen of the attending 
anesthesiologist, as part of routine clinical practice. No 
randomization was performed. Patients were recruited 
until a total of 150 patients were entered into each 
anesthetic group. This means that groups were not 
randomly selected for enrollment but rather enrolled to 
ensure equal group sizes. This was a non-randomized 
procedure, and this could have caused selection bias. All 
patients who were eligible for ERCP during the study 
period, met the predetermined inclusion criteria, and gave 
informed written consent were enrolled sequentially until a 
sample size of 150 patients was reached. The propofol-
dexmedetomidine group and propofol-ketamine group 
were assigned based on the anesthetic plan used by the 
attending anesthesiologist in the routine clinical 
management of the patient. Patients aged 18-70 years of 
age of either gender undergoing elective ERCP under 
s e d a t i o n /a n e s t h e s i a  a n d  A m e r i c a n  S o c i e t y  o f 
Anesthesiologists (ASA) physical status I- III were eligible 
for the study [17]. Patients who were known to be sensitive 
to propofol, dexmedetomidine, or ketamine; patients with 
signi�cant cardiac disease, including uncontrolled 
hypertension, signi�cant arrhythmias, or advanced heart 
block; patients with severe liver or kidney dysfunction; 
pregnant or lactating women; patients with psychiatric 
illness or cognitive impairment that interfered with 
assessment; chronically sedated patients or opioid-
dependent patients; patients requiring endotracheal 
intubation to enter general anesthesia before the start of 
the procedure; and patients with a known allergy to any of 
the other medications used were excluded from the study. 
A structured proforma was used to record baseline 
demographic and clinical features such as age, gender, 
body mass index (BMI), ASA physical status, indication for 
ERCP, and relevant comorbidities. Two types of anesthesia 
were used, i.e., propofol-dexmedetomidine and propofol-
ketamine, according to the attending anesthesiologist's 
routine institutional practice [18]. ERCP was performed by 
experienced endoscopists in the modi�ed semi-prone 
position. Standard monitoring used was continuous three-
lead electrocardiography, non-invasive blood pressure, 
respiratory rate, and pulse oximetry. The Modi�ed 
Observer's Assessment of Alertness/Sedation (MOAA/S) 
scale was used to determine the depth of sedation [19]. The 
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This prospective cohort study was carried out from 20 
December 2025 to 20 June 2026 in the Department of 
Anesthesiology, Fatima Memorial Hospital, Lahore, 
Pakistan. Ethical approval was obtained from the 
Institutional Review Board (IRB) of Fatima Memorial 
Hospital before the start of the study. This study received 
approval under approval number FMH-04/11/2024-IRB-
1564 dated 11 March 2025. All participants signed informed 
consent forms before entering the study, and patient 
information was kept con�dential throughout the research 
process. The sample size was computed with Open Epi 
based on the results of Garg and Hasnain [16]; the mean 
propofol consumption in the propofol-dexmedetomidine 
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depth of sedation was assessed throughout the procedure 
u s i n g  t h e  M o d i � e d  O b s e r v e r 's  A s s e s s m e n t  o f 
Alertness/Sedation (MOAA/S) scale.  A target MOAA/S 
score of 2–3 was prede�ned for both anesthetic groups to 
achieve a comparable depth of procedural sedation. If the 
MOAA/S score was 4–5, indicating inadequate sedation, 
particularly in the presence of purposeful movement or 
poor procedural tolerance, an additional 10–20 mg 
intravenous bolus of propofol was administered, and the 
patient was reassessed. If the MOAA/S score was 2–3, no 
additional sedative was administered unless clinically 
indicated. If the MOAA/S score was 0–1, indicating deeper 
sedation than intended, further sedative administration 
was withheld, and the patient was closely monitored for 
respiratory and hemodynamic compromise. Airway 
maneuvers, supplemental oxygen, or other supportive 
interventions were provided when clinically indicated. 
Endotracheal intubation was performed only when 
adequate oxygenation or ventilation could not be 
maintained with non-invasive airway support or when 
airway protection was clinically required. Hypotension was 
initially managed with intravenous crystalloid �uids. When 
pharmacological treatment was required, ephedrine 5–10 
mg was administered intravenously and repeated as 
clinically indicated according to the hemodynamic 
response. Bradycardia was treated with atropine 0.5 mg 
intravenously, which could be repeated as required. 
Supplemental oxygen was administered for oxygen 
desaturation, with airway repositioning and airway 
adjuncts used when necessary. Persistent hypoxemia or 
inadequate ventilation despite these measures was 
managed with escalation of airway support, including 
endotracheal intubation when clinically indicated. A 
standardized satisfaction scale was used to measure 
endoscopist and patient satisfaction, and all data were 
recorded in a predesigned data collection form completed 
by the principal investigator. Anesthetic Protocol and 
Monitoring: After routine monitoring and preoxygenation, 
sedation was induced with intravenous propofol 1 mg/kg, 
and increments of 10-20 mg were used as necessary. The 
p r o p o f o l - d e x m e d e t o m i d i n e  g r o u p  r e c e i v e d 
dexmedetomidine 0.2-0.7 µg/kg/h infusion after a loading 
dose of 1 µg/kg in 10 minutes. Ketamine hydrochloride was 
given 0.5 mg/kg intravenously to the propofol-ketamine 
group, followed by a 10-20 mg intravenous bolus as needed 
for clinical purposes. Drug administration was carried out 
with  a  programmable syr inge infusion pump.  A 
multiparameter patient monitor was used to monitor heart 
rate, non-invasive blood pressure, respiratory rate, and 
peripheral oxygen saturation. Treatment of hypotension 
and bradycardia consisted of intravenous �uids and, as 
clinically indicated, ephedrine and atropine. Airway 
support and other rescue drugs were administered when 

necessary, as per facility procedures. The main safety 
measure was the occurrence of any major adverse event 
(MAE) during ERCP. In this study, the de�nition of MAE was 
hypotension, bradycardia, or hypoxemia that needed 
clinical intervention. These adverse events were chosen 
because of their known association as sedation-related 
adverse events in ERCP [20]. 
The data were entered and analyzed using the Statistical 
Package for the Social Sciences (SPSS) version 26.0. 
Continuous variables were normally distributed and 
presented as mean ± SD. The categorical variables were 
presented as frequencies and percentages. Normally 
distributed continuous variables were compared between 
the two cohorts using an independent-samples t-test. The 
Chi-square test and Fisher's exact test were used to 
compare categorical variables. Hemodynamic parameters 
were analyzed at the three prede�ned measurement 
points: baseline, intra-procedural, and post-procedural. 
Longitudinal hemodynamic parameters were evaluated 
with linear mixed-effects models, due to the high 
correlation among repeated observations within the same 
patient. Individual patients were considered as a random 
effect, and anesthetic regimen, time, and the interaction of 
regimen and time were included as �xed effects. To assess 
whether there was a different pattern of hemodynamic 
changes, the regimen-by-time interaction was used. 
Estimated marginal means with 95% con�dence intervals 
were calculated, and two-sided p-values of ≤0.05 were 
taken as statistically signi�cant. Multivariable logistic 
regression analyses were performed for the major 
outcome variables to control for possible confounding 
factors, and a p-value of ≤ 0.05 was considered to be 
statistically signi�cant. The participant �ow diagram was 
shown (Figure 1).
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Table 1: Baseline Demographic and Clinical Characteristics of 

Study Participants
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A total of 150 patients undergoing ERCP were enrolled in 
the study, with 75 patients in each cohort. The baseline 
demographic and clinical variables such as age, gender 
distribution, BMI, ASA physical status, indications for ERCP, 
and presence of major comorbidities were similar between 
the two groups, which had comparable pre-procedural 
pro�les (Table 1).

Variables
Propofol-

Dexmedetomidine
(n=75), n (%)

Propofol
-Ketamine

(n=75), n (%)

p-
value SMD

Age (years)

Male Gender

BMI (kg/m²)

ASA I

51.8 ± 13.4

41 (54.7%)

27.1 ± 3.8

12 (16.0%)

53.2 ± 12.8

39 (52.0%)

27.8 ± 4.2

10 (13.3%)

0.510

0.740

0.290

0.108

0.054

0.176

ASA Physical Status

0.860 0.081
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Table 2: Comparison of Hemodynamic Parameters between 

Study Groups

Longitudinal analysis showed clear differences in the 
pattern of the hemodynamic changes between the 
anesthetic groups. All four parameters (HR, SBP, DBP, and 
M A P )  we r e  s i g n i � c a n t l y  l owe r  i n  t h e  p r o p o fo l -
dexmedetomidine group than in the propofol-ketamine 
group during the intra-procedural period (all p<0.001), 
suggesting that propofol-dexmedetomidine induces 
greater cardiovascular suppression. The temporal trends 
of respiratory rate and oxygen saturation were also 
signi�cantly different between groups (p=0.003 and 
p=0.006, respectively) (Table 2).
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COPD/Asthma

ASA II

ASA III

Hypertension

Diabetes Mellitus

Ischemic Heart
Disease

Chronic Kidney
Disease

Choledocholithiasis

Malignant Biliary
Obstruction

Benign Biliary
Stricture

Chronic
Pancreatitis

Others

46 (61.3%)

17 (22.7%)

29 (38.7%)

22 (29.3%)

9 (12.0%)

4 (5.3%)

6 (8.0%)

40 (53.3%)

18 (24.0%)

9 (12.0%)

5 (6.7%)

3 (4.0%)

48 (64.0%)

17 (22.7%)

31 (41.3%)

24 (32.0%)

8 (10.7%)

5 (6.7%)

7 (9.3%)

38 (50.7%)

20 (26.7%)

10 (13.3%)

4 (5.3%)

3 (4.0%)

0.740

0.720

0.790

0.730

0.770

0.930

— — 

— — 

— — 

— — 

0.053

0.059

0.041

0.059

0.048

0.089

Indication for ERCP

Propofol-
Dexmedetomidine
(n=75), Mean ± SD

Propofol
-Ketamine

(n=75),
Mean ± SD

Parameters Time Point
Group ×
Time p-

value

Baseline

Intra-procedural

Post-procedural

Baseline

Intra-procedural

Post-procedural

Baseline

Intra-procedural

Post-procedural

Baseline

Intra-procedural

Post-procedural

Baseline

Intra-procedural

Post-procedural

Baseline

Intra-procedural

Post-procedural

Diastolic
BP (mmHg)

MAP
(mmHg)

Respiratory
Rate

(breaths/
min)

Oxygen
Saturation

(%)

Heart Rate
(beats/min)

Systolic BP
(mmHg)

82.4 ± 11.2

66.7 ± 8.9

74.8 ± 9.7

132.6 ± 16.8

109.8 ± 13.7

125.4 ± 14.9

78.2 ± 9.7

65.9 ± 8.3

74.5 ± 8.8

96.3 ± 10.5

80.5 ± 8.4

91.5 ± 9.4

17.2 ± 2.4

13.6 ± 2.1

16.1 ± 2.3

98.4 ± 0.9

95.8 ± 2.2

97.8 ± 1.2

84.1 ± 10.8

76.4 ± 9.8

79.1 ± 9.4

134.9 ± 15.9

118.5 ± 14.1

130.1 ± 15.2

79.8 ± 10.2

71.6 ± 8.9

77.2 ± 9.1

98.1 ± 11.3

87.2 ± 9.3

94.8 ± 9.7

17.5 ± 2.7

14.9 ± 2.3

16.6 ± 2.5

98.3 ± 1.0

97.1 ± 1.8

98.0 ± 1.1

<0.001

<0.001

<0.001

<0.001

0.003

0.006

Effect estimates con�rmed clinically meaningful 
differences between the anesthetic regimens. The 
propofol-dexmedetomidine group demonstrated lower 

intra-procedural heart rate, blood pressure, respiratory rate, and oxygen saturation, together with a shorter recovery time, 
whereas satisfaction scores were higher in this group. The risks of hypotension and bradycardia were greater with 
dexmedetomidine, while excessive secretions and agitation were less frequent. The con�dence intervals for hypoxemia, 
nausea/vomiting, and airway intervention crossed the null value, indicating imprecision and lack of statistically signi�cant 
differences for these outcomes (Table 3).

Table 3: Procedural Characteristics and Adverse Events

Effect Estimate 95% CI p-valueOutcomes
Propofol-Dexmedetomidine,

n (%)
Propofol-Ketamine,

n (%)

Primary Outcome: ≥1 MAE

Secondary: Hypotension

Secondary: Bradycardia

Secondary: Hypoxemia

Secondary: Nausea/vomiting

Secondary: Excessive Secretions

Secondary: Agitation/Emergence

Secondary: Airway Intervention

22 (29.3%)

18 (24.0%)

14 (18.7%)

8 (10.7%)

4 (5.3%)

2 (2.7%)

1 (1.3%)

6 (8.0%)

12 (16.0%)

7 (9.3%)

3 (4.0%)

3 (4.0%)

9 (12.0%)

10 (13.3%)

8 (10.7%)

2 (2.7%)

RR 1.83

RR 2.57

RR 4.67

RR 2.67

RR 0.44

RR 0.20

RR 0.13

RR 3.00

0.98-3.42

1.14-5.79

1.40-15.57

0.74-9.67

0.14-1.38

0.05-0.88

0.02-0.97

0.63-14.39

0.051

0.016

0.005

0.117

0.245

0.031

0.034

0.276

The satisfaction score for both the endoscopist and 
patient was signi�cantly higher for the propofol-
dexmedetomidine group. Multivariable logistic regression 
analysis, after adjustment for potential confounding 
factors,  a lso showed that  the use of  propofol-
dexmedetomidine and ASA III physical status were 
independent predictors of MAE (Table 4).

Table 4: Comparison of Endoscopist and Patient Satisfaction 

Scores Between Study Groups

Variables
p-

value

Propofol-
Dexmedetomidine
(n=75), Mean ± SD

Propofol-
Ketamine (n=

75), Mean ± SD

Endoscopist Satisfaction
Score (1-10)

Patient Satisfaction
Score (1-10)

9.1 ± 0.8 8.7 ± 0.9 0.006

8.9 ± 0.9 8.5 ± 1.1 0.018

Overall, 34 (22.7%) patients experienced a major adverse 
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T h e  p e r i - p r o c e d u r a l  p r o � l e s  f o r  p r o p o f o l -

dexmedetomidine and propofol-ketamine were different 

during ERCP. Propofol-dexmedetomidine was found to be 

associated with more pronounced reductions in HR and BP, 

more frequent hypotension and bradycardia, quicker 

recovery, and higher levels of patient and endoscopist 

satisfaction. Propofol-ketamine, by contrast, was linked to 

more hemodynamic stability, but led to an increased total 

dose of  propofol  and excessive secretions and 

agitation/emergence reactions. 

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

Conceptualization: MTS

Methodology: MK, MFZ, AY, HMDF

Formal analysis: MTS

Writing and Drafting: MTS, MFZ, AY, KAU, HMDF

Review and Editing: MTS, MK, MFZ, AY, KAU, HMDF

All authors approved the �nal manuscript and take 

responsibility for the integrity of the work

In this current prospective cohort study, propofol-
dexmedetomidine was compared to propofol-ketamine as 
anesthesia during ERCP. There was no signi�cant 
difference in baseline characteristics, suggesting little 
selection bias, consistent with the results of some recent 
studies that have obtained demographic similarity 
between the sedative groups to evaluate their results fairly.  
Comparability of baseline data across study arms was also 
supported within ERCP sedation trials, as Garg and 
Hasnain, and Taha et al. also showed no signi�cant baseline 
differences between study arms in ERCP sedation trials, 
supporting internal validity across comparative designs in 

this setting [13, 16]. Hemodynamically, the results of the 
current study showed that the combination of propofol 
with dexmedetomidine resulted in signi�cantly lower heart 
rate and blood pressure values than the combination of 
propofol with ketamine, suggesting greater cardiovascular 
depression. This is consistent with the �ndings of Zhang et 
al. in ERCP sedation using dexmedetomidine, who noted 
greater bradycardia and hypotension [9]. Similarly, the 
hemodynamic suppression during dexmedetomidine 
infusion during ERCP was greater than under propofol-only 
or ketamine-based sedation, suggesting its central 
sympatholytic effect in a study by Srivastava et al. [21]. In 
contrast, ketamine-containing regimens tend to preserve 
cardiovascular stability due to sympathomimetic activity, 
which explains the relatively stable hemodynamics 
observed in the propofol-ketamine group in the current 
study. In the present study, hypotension and bradycardia 
o c c u r r e d  m o r e  f r e q u e n t l y  i n  t h e  p r o p o f o l -
dexmedetomidine group, and agitation and excessive 
secretions occurred more frequently in the propofol-
ketamine group.
Although this study is a promising prospective cohort 
study, some limitations should be noted. First, the non-
randomized design allowed for the possibility of selection 
bias because the anesthetist's choice of anesthetic 
regimen was a clinical judgment and not random. Second, 
the study was performed at a single tertiary care center, 
and the results may not be representative of other 
populations or health-care systems using different 
sedation protocols or patient populations. Future studies 
should also use objective sedation depth monitoring 
devices like Bispectral Index and patient-centered 
outcomes like satisfaction with the procedure and 
cognitive recovery and/or quality of recovery scores. 
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event, of which 22 (29.3%) were in the propofol-
dexmedetomidine group, and 12 (16.0%) were in the 
propofol-ketamine group (p=0.051). Patients who had more 
than one component event were counted once, and the 
composite outcome was de�ned as those who had at least 
one incident of hypotension, bradycardia, or hypoxemia. 
Propofol-dexmedetomidine was independently associated 
with higher odds of MAEs (p=0.030), and ASA III status was 
also independently associated with MAEs (p=0.019) in the 
adjusted multivariable model. Age ≥60 years, male sex, BMI 

2≥30 kg/m , and having at least 1 comorbidity were not 
independently associated with MAEs (Table 5).

D I S C U S S I O N

Table 5: Multivariable Logistic Regression Analysis of factors 

associated with Major Adverse Events 

Variables
Adjusted Odds

Ratio (AOR)
95% CI

p-
value

Propofol-Dexmedetomidine
Regimen 2.508 1.091-5.765 0.030

Age ≥60 Years

Male Gender

BMI ≥30 kg/m²

ASA III Status

Presence of ≥1 Comorbidity

1.803

1.302

0.809

2.910

2.087

0.718-4.526

0.565-2.999

0.261-2.506

1.193-7.090

0.897-4.856

0.210

0.535

0.713

0.019

0.087

Values are presented as mean measurements at baseline, 
intra-procedural, and post-procedural periods. The 
propofol-dexmedetomidine group demonstrated greater 
reductions in heart rate, systolic blood pressure, and mean 
arterial pressure during the intra-procedural period 
compared with the propofol-ketamine group (Figure 1).

Figure 1: Serial Changes in Key Hemodynamic Parameters During 

ERCP According to Anesthetic Regimen 
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