
Introduction

Endoscopic ultrasonography (EUS) is an outpatient proce-
dure that combines endoscopy with ultrasound. During an EUS 
procedure, an upper gastrointestinal (GI) scope is inserted into 
the esophagus through the mouth to obtain ultrasonographic 
as well as endoluminal images of various upper gastrointesti-
nal pathologies. The probe has a channel that enables ultra-
sound-guided fine needle aspiration cytology (FNAC) of suspi-
cious lesions to be performed at the same time. The distal end 
of the EUS probe has a longer, stiffer section than conventional 
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Background: We evaluated whether the addition of a small dose of ketamine or fentanyl would lead to a reduction in the 
total dose of propofol consumed without compromising the safety and recovery of patients having endoscopic ultraso-
nography (EUS). 
Methods: A total of 210 adult patients undergoing elective EUS under sedation were included in the study. Patients were 
randomized into three groups. Patients were premedicated intravenously with normal saline in group 1, 50 µg fentanyl in 
group 2, and 0.5 mg/kg ketamine in group 3. All patients received intravenous propofol for sedation. Propofol consump-
tion in mg/kg/h was noted. The incidence of hypotension, bradycardia, desaturation, and coughing was noted. The time 
to achieve a Post Anesthesia Discharge Score (PADS) of 10 was also noted.
Results: There were 68 patients in group 1, 70 in group 2, and 72 in group 3. The amount of propofol consumed was 
significantly higher in group 1 (9.25 [7.3–13.2]) than in group 2 (8.8 [6.8–12.2]) and group 3 (7.6 [5.7–9.8]). Patient he-
modynamics and oxygenation were well maintained and comparable in all groups. The time to achieve a PADS of 10 was 
significantly higher in group 3 compared to the other two groups.
Conclusions: The use of 50 µg fentanyl or 0.5 mg/kg ketamine in a single dose during EUS reduces the dose of propofol 
required for sedation. However, unlike the addition of fentanyl, the addition of ketamine increased the time to recov-
ery. Thus, 50 µg fentanyl is a good additive to propofol infusion for sedation during EUS to reduce the requirement for 
propofol without affecting the time to recovery.
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endoscopes and therefore needs extra care during manipulation 
through the gastrointestinal tract. Further, the diameter of the 
EUS probe is greater than that of conventional endoscopes, at 
around 13–14 mm compared to 8–10 mm. The procedure usu-
ally takes between 30 min and 1 h. Patients are sedated to keep 
them comfortable during the procedure and to help them toler-
ate the scope.

Propofol is a common sedative agent for outpatient proce-
dures because of its advantageous pharmacokinetic properties, 
which include a quick and clear-headed recovery [1,2]. However, 
at deeper levels of sedation, propofol can lead to loss of airway 
reflexes, hypotension, cardio-respiratory depression, and even 
apnea. In addition, during EUS, the scope hinders swallowing of 
saliva, thereby increasing the chance of aspiration. 

Attempts have been made in the past to use additives with 
propofol to reduce its dose. In one study, a combination of mid-
azolam with propofol resulted in reducing the dose of propofol 
as well as better amnesia in outpatient surgeries [3]. In a study 
on patients undergoing endoscopic retrograde choliopancrea-
tography, Paspatis et al. [4] showed that the group receiving 
propofol alone not only had higher anxiety levels but also had 
a significantly greater number of desaturation (SpO2 < 90%) 
episodes. Further, it has been shown that during colonoscopies, 
propofol in combination with fentanyl provided similar patient 
satisfaction with shorter recovery times even at lower depths of 
sedation as compared to propofol [5]. The addition of a median 
dose of 50 μg of fentanyl to propofol has been shown to result in 
better operator feasibility with no difference in recovery time, 
cognitive impairment, or complications as compared to the use 
of propofol only for sedation [6]. A meta-analysis of sedation 
protocols concluded that propofol in combination with ket-
amine decreased respiratory complications and reduced cardio-
vascular complications (hypotension and bradycardia) during 
procedural sedation and analgesia [7]. However, studies on ideal 
sedation technique in EUS are scarce. As there are compound-
ing factors compromising the airway during EUS, we performed 
this double-blind randomized controlled trial to compare the 
use of propofol alone and in combination with ketamine or fen-
tanyl for sedation during EUS.

Aim

The primary outcome was to evaluate the effect of the addition 
of fentanyl and ketamine on propofol consumption (mg/kg/h).

Secondary outcomes were as follows: 
1. To evaluate the time to achieve a Post Anesthesia Discharge 

Score (PADS) of 10.
2. To evaluate the hemodynamic profile and adverse effects 

in the three groups.

Materials and Methods

This was a randomized double-blind controlled study con-
ducted in a tertiary center (CTRI/2016/11/007463). After ob-
taining Institutional Review Board approval, adult (18–60 years) 
consenting patients of American Society of Anesthesiologists 
physical status classification I/II and of either gender who were 
scheduled for abdominal EUS and FNAC by a single endos-
copist were enrolled in the study. Patients who were allergic to 
propofol, those who were taking antipsychotic medications, 
and pregnant or lactating women were excluded from the study 
group. Patients were randomized using a computer-generated 
random sheet into three groups. All procedures were performed 
by a single endoscopist who was blinded to the groups. All pa-
tients were positioned in the left lateral position before sedation. 
Electrocardiogram, pulse oximetry, and noninvasive blood pres-
sure were monitored, and oxygen at 4 L/min was supplemented 
using nasal prongs. All patients received 1 mg of intravenous 
midazolam 10 min prior to the procedure. In addition, patients 
in Group 1 received saline, those in Group 2 received 50 μg of 
fentanyl, and those in Group 3 received 0.5 mg/kg of ketamine 
[8] premixed with 0.02 mg of glycopyrrolate intravenously, 5 
min prior to the procedure. All premedication was prepared in 
identical syringes. Normal saline was added to make up a total 
volume of 5 cc. Propofol was then administered intravenously 
and titrated to loss of verbal response, after which the endoscope 
was inserted. Sedation was maintained at Ramsay sedation 
scale 2 with an infusion of propofol at 50 µg/kg/min, which was 
titrated upward to a maximum dose of 150 µg/kg/min by the 
anesthesiologist as per the requirement. The sedation scale was 
checked by the response to verbal command and glabellar tap 
every 5 minutes. Hemodynamic parameters were monitored at 
5-min intervals. Adverse events including desaturation (SpO2 
< 95%), hypotension (mean blood pressure < 20% of baseline), 
and coughing were noted. Desaturation that could be managed 
by jaw thrust and suctioning was classified as minor, and cas-
es requiring placement of an advanced airway were classified 
as major adverse events. Hypotension managed with 6 mg of 
intravenous ephedrine or a fluid bolus of 200 cc of plasmalyte 
was classified as a minor adverse event. Episodes of hypotension 
managed with noradrenaline infusion were classified as major 
adverse events. In addition, as certain studies have reported an 
increase in the occurrence of hiccups when endoscopic proce-
dures are performed under sedation, we noted the incidence 
of hiccups in the three groups [9]. At the end of the procedure, 
total propofol consumption was recorded. The endoscopist 
was asked to rate operator feasibility as poor, average, or good. 
This was a subjective rating made by the single endoscopist for 
which no objective criteria were given. The rating was based on 
the quality of sedation and interruptions during the procedure 
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for airway management and hiccups. Post procedure, patients 
were monitored in the recovery room every 15 min, and time to 
achieve a PADS of 10 was noted. At the time of discharge from 
the recovery room, patient feedback was obtained on recall of 
the procedure.

Statistical analysis

Data were analyzed using IBM SPSS Statistic 20 (IBM Corp., 
Armonk, NY, USA). Descriptive statistics were presented as 
percent/proportion for discrete variables. Mean ± SD or me-
dian and interquartile range (IQR) were used for continuous 
variables. In inferential statistics, chi square was applied for 
discrete variables. For continuous normally distributed data, 
ANOVA was applied. The Kruskal-Wallis test was applied for 
non-normally distributed data. Intergroup analysis between two 
groups was performed using the Student’s t test for parametric 
data and the Mann-Whitney test for non-parametric data. Thus, 
as the amount of propofol consumed was non-parametric, the 
Kruskal-Wallis test was used followed by the Mann-Whitney test 
for intergroup analysis. The time to achieve a PADS of 10 was 
parametric and was therefore analyzed using ANOVA followed 
by Student’s t test. A P value of < 0.05 was considered to be sig-
nificant.

Results

A total of 210 adult patients scheduled for elective EUS un-
der sedation by a single endoscopist were included in the study 
between December 2013 and July 2015. One hundred twelve 
(53.3%) patients were male and 98 (46.7%) were female. There 
were 68 patients in group 1, 70 in group 2, and 72 in group 

3. The demographic characteristics of the three groups were 
comparable (Table 1). All procedures were completed without 
major adverse events. The duration of the procedure in the three 
groups was comparable (Table 1). 

The primary outcome was the amount of propofol consumed. 
The median propofol consumed was 9.25 (IQR 7.3–13.2) mg/
kg/h in the propofol-only group (group 1), 8.8 (IQR 6.8–12.2) 
mg/kg/h in the fentanyl group (group 2), and 7.6 (IQR 5.7–9.8) 
mg/kg/h in the ketamine group (group 3) (Table 2). Statistical 
analysis by the Kruskal-Wallis test showed that this difference 
was significant (P = 0.008). Intergroup comparison with non-
parametric tests showed that propofol consumption was signifi-
cantly higher in group 1 than in group 2 (P = 0.024) or group 
3 (P < 0.001). However, there was no significant difference in 
propofol consumption between group 2 and group 3 (P = 0.391).

One of the secondary outcomes was the time to achieve a 
maximum PADS of 10. A significant difference was noted when 
ANOVA was used (P < 0.001). On further intergroup analysis, 
it was observed that this was longest in group 3, the ketamine 
group (46.3 ± 15.4 min), and was also statistically significantly 
higher than in group 2 (37.1 ± 14.6 min, P = 0.001) or group 1 
(32.9 ± 13.9 min, P < 0.001) (Table 2). There was no difference 
in the time taken to achieve a PADS of 10 between group 1 and 
group 2 (P = 0.280). Mean blood pressure, heart rate, and SpO2 
were analyzed at 5-min intervals. Overall, patient hemodynam-
ics and oxygenation were comparable in all groups. There were 
no significant differences in the mean blood pressure, heart 
rate, or SpO2 at any time point among the three groups (Fig. 1). 
There were also no differences in the incidence of desaturation (P 
= 0.922), hypotension (P = 0.880), coughing (P = 0.269), or hic-
cups (P = 0.727) among the three groups (Table 3). No patient in 
any group needed the placement of an airway or noradrenaline 

Table 1. Demographic Characteristics 

Group 1 Group 2 Group 3 P value

Age (yr)* 45.9 ± 15.6 49.3 ± 14.5 44.4 ± 16.4 0.425
Gender (M/F) 46/22 39/31 46/26 0.333
ASA I/II 16/52 18/52 16/56 0.252

*Values are given as mean ± SD. Patients in Group 1 received propofol only, Group 2 received fentanyl + propofol, and Group 3 received ketamine + 
propofol. ASA: American Society of Anesthesiologists physical status classification. 

Table 2. Propofol Consumption, Time to Achieve PADS of 10, and Duration of Procedure

Group 1 Group 2 Group 3 P value 

Propofol (mg/kg/h)† 9.25 (7.3–13.2) 8.8 (6.8–12.2) 7.6 (5.7–9.8) 0.008‡

Time to achieve PADS 10* 32.9 ± 13.9 37.1 ± 14.6 46.3 ± 15.4 < 0.001‡

Duration of procedure (min)† 40 (28.2–55) 39 (24–52.2) 39 (28.7–50) 0.500

*Values are given as mean ± SD. †All values are given as median (interquartile range). ‡P < 0.05. Patients in Group 1 received propofol only, Group 2 
received fentanyl + propofol, and Group 3 received ketamine + propofol. PADS: Post Anesthesia Discharge Score.
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infusion. Thus, there were no major side effects in any patient 
in any group. All patients in the three groups were discharged 
from the recovery room after 2 h of observation as per institu-
tional guidelines. No patient had any recall or memory after the 
procedure. There was no difference in operator feasibility in the 
groups as rated by the endoscopist (P = 0.595) (Table 4).

Discussion

Propofol has been extensively used for sedation in endo-
scopic procedures [4]. It is a γ-aminobutyric acid facilitator in 
the central nervous system. Its suitable pharmacokinetic profile 
along with its ability to facilitate a clear-headed recovery make 
it a good sedative agent for outpatient procedures. However, it 
has no analgesic properties and at higher doses it can lead to the 
loss of protective airway reflexes, hypotension, and bradycardia. 
These side effects, compounded by the fact that during EUS 
anesthetists are dealing with a shared airway, necessitate that 
propofol be used in the lowest possible doses. Common adjuncts 
to propofol include benzodiazepines like midazolam, opioids, 
and ketamine. Fentanyl is an opioid and has good analgesic as 
well as sedative properties. It is a hemodynamically stable drug 

with an onset of action of 7 to 8 min and duration of 1 to 2 h. 
It is often combined with propofol or midazolam to provide 
sedation for outpatient procedures [10,11]. On the other hand, 
ketamine acts on N-methyl-D-aspartate receptors and produces 
dissociative anesthesia. Unlike other sedatives, it preserves air-
way reflexes. Side effects include increased secretions and agi-
tation on recovery. To counter the side effects, we administered 
glycopyrrolate in the ketamine group along with midazolam as 
premedication. Increased salivation can be problematic especial-
ly during upper GI endoscopic procedures in which the patient 
is unable to swallow due to the presence of the scope. Midazol-
am was administered to prevent agitation during recovery from 
ketamine [12]. 

Singh et al. [13] in 2013 compared the adjuvant effect of fen-
tanyl and ketamine in patients undergoing laparoscopic tubal 
ligation in an outpatient setting and found that the fentanyl 
combination was associated with faster recovery and better pa-
tient satisfaction as compared to ketamine-propofol. However, 
in 2010, Tang et al. [14] found that the addition of low-dose 
ketamine to propofol-fentanyl sedation provided more stable 
and satisfactory operating conditions in gynecologic diagnostic 
laparoscopy. However, the above two studies involved surgical 
procedures, unlike EUS, which is a minimally invasive endo-
scopic procedure. 
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Fig. 1. Line diagram representing the average heart rate, average mean blood pressure, and average SpO2 in different groups at different time points 
during the study period. 

Table 3. Number of Patients Exhibiting Adverse Events

Adverse event Group 1  
(n = 68)

Group 2  
(n = 70)

Group 3  
(n = 72)

Desaturation 5 (7.35%) 4 (5.71%) 5 (6.94%)
Hypotension 4 (5.88%) 4 (5.71%) 3 (4.16%)
Coughing 2 (2.94%) 5 (7.14%) 7 (9.72%)
Hiccups 24 (35.2%) 28 (40%) 30 (41.67%)

Values are given as number (%). Patients in Group 1 received propofol 
only, Group 2 received fentanyl + propofol, and Group 3 received 
ketamine + propofol. 

Table 4. Operator Feasibility

Group 1
(n = 68)

Group 2
(n = 70)

Group 3
(n = 72)

Good 60 62 60
Average   8   8 12
Poor   0   0   0

Patients in Group 1 received propofol only, Group 2 received fentanyl + 
propofol, and Group 3 received ketamine + propofol. 
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Ketamine and propofol, when used in combination, have 
resulted in a lowering of the incidence of hypoxia and cardio-
vascular collapse (bradycardia and hypotension) associated with 
propofol when used alone [7]. Addition of ketamine to propofol 
has led to a reduction in the incidence of desaturation. However, 
these studies were not performed on patients undergoing upper 
GI endoscopy or EUS [15], who are at increased risk of airway 
compromise [16]. Hence, we evaluated whether the addition of 
ketamine or fentanyl in a small single dose to propofol infusion 
for sedation during EUS resulted in a decrease in propofol con-
sumption. In line with previous studies, in the present study, we 
found that the addition of either 50 μg of fentanyl or 0.5 mg/kg 
of ketamine resulted in a significant decrease in the amount of 
propofol consumed (in mg/kg/h). There was no difference in 
the dose of propofol used between the ketamine and fentanyl 

groups. Time taken to achieve PADS was significantly longer in 
the ketamine group; however, all patients were successfully dis-
charged from the recovery room at the end of a 2-h observation 
period. There were no major adverse events in any of the three 
groups. This is in accordance with previous studies in which the 
use of either propofol with ketamine or propofol with fentanyl 
for deep sedation had comparable side effects with minor hemo-
dynamic events [17].

Thus, we can conclude from the present study that the ad-
dition of fentanyl to propofol results in a decrease in propofol 
consumption with no increase in either the time to recovery or 
adverse effects. Fentanyl is thus a good additive to propofol for 
sedation during EUS. The addition of a single dose of ketamine 
reduced the total propofol requirement but delayed recovery.
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