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Abstract
Objectives: In this retrospective study, we aimed to compare cardiopulmonary side effects, sedation characteristics,
and patient satisfaction of propofol–meperidine and propofol–ketamine sedation for esophagogastroduodenoscopy
(EGD).
Methods: Data were extracted from the anesthesia and endoscopy records of the patients. Patients aged >18 years
who underwent elective diagnostic EGD under sedation between January 2015 and December 2016 were enrolled
in the study. Depending on the sedation procedure, the patients were divided into two groups: propofol–meperidine
group (Group PM) and propofol–ketamine group (Group PK). Cardiopulmonary side effects (hypotension, bradycardia,
apnea and hypoxemia), procedure times, and patient satisfaction were compared between the groups.
Results: In total, 154 consecutive patients who underwent elective diagnostic EGD between January 2015 and December 2016 under sedation with propofol–meperidine and propofol–ketamine were included in the study. The overall
incidence of side effects did not differ between the groups, but the incidence of hypotension was significantly higher in
Group PM compared with Group PK (7.8% vs. 0%, p=0.028). There was no significant difference in hypoxemia (p=0.597)
and apnea (p>0.999) between the two groups. Awake time (time interval between the removal of the endoscope and
responds readily to name spoken in normal tone) was significantly shorter in Group PM compared with Group PK
(7.21±3.70 vs. 8.91±4.10 min, p=0.008). Patient satisfaction for the two groups were similar (p=0.245).
Conclusion: The propofol–ketamine sedation regimen seems to be superior compared with the propofol–meperidine sedation regimen in terms of hemodynamic stability. Both sedation regimens have similar respiratory safety
profile. P ropofol–meperidine s edation p rovided f aster r ecovery t imes t han p ropofol–ketamine s edation f or E GD.
Furthermore, high patient satisfaction levels were obtained with both sedation regimens.
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E

sophagogastroduodenoscopy (EGD) is a commonly used
invasive outpatient procedure for the diagnosis, treatment,
and screening of upper gastrointestinal diseases.[1, 2] Sedation
and analgesia improve the satisfaction of the patient and
endoscopist, as well as the quality of the procedure, by

relieving discomfort and pain and providing memory loss of
procedure.[3, 4]
In recent years, propofol use has significantly increased
for gastrointestinal endoscopy because of its rapid action
onset, short recovery profile, and higher satisfaction levels
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as compared with other traditional sedative agents.[5] In spite
of these advantages, unlike traditional sedatives, propofol
has no analgesic activity and pharmacological antagonist.
Furthermore, propofol sedation for EGD is associated with
increased incidence of cardiopulmonary events in a dosedependent manner.[6, 7]
The combination of propofol and ketamine or an opioid
reduces the side effects, improves the quality of the
cardiopulmonary sedation and analgesia, and decreases the
propofol requirement for procedural sedation compared
with propofol alone.[8, 9] Pethidine is an opioid receptor
antagonist that is widely used as an adjunct for endoscopic
sedation.[10] Ketamine is an N-methyl-D-aspartate
receptor antagonist that possesses analgesic and sedative
properties.[11] Ketamine is not frequently used for sedation
in digestive endoscopy.[5-7] The use of ketamine combined
with propofol has been studied mainly for procedural
sedations in emergency department and pediatric settings,
and there are limited data concerning sedation in upper
gastrointestinalendoscopy.[8, 12]
In our endoscopy unit, EGD is not routinely performed under
sedation; it is only performed for patients who request
sedation. In addition, gagging and/or retching are also
considered as reasons for sedation during EGD. In our daily
practice, we use meperidine or ketamine as an analgesic
along with propofol as a sedative for gastrointestinal
endoscopy. Moreover, ketamine may be useful to reduce
gagging and/or retching during EGD.[11] In this retrospective
study, we aimed to compare cardiopulmonary side effects,
sedation characteristics, and patient satisfaction with
propofol–meperidine and propofol–ketamine sedation for
UGE.

Materials and Methods
This was a retrospective study that compares propofol–
meperidine and propofol–ketamine sedation for UGE. This
study was approved by the ethics committee of the local
hospital (Number/Date: 447/April 26, 2017), and written
informed consents were obtained from the patients for
sedation.
Data were extracted from the anesthesia and endoscopy
records of the enrolled patients aged >18 years who
underwent elective diagnostic UGE under sedation between
January 2015 and December 2015. Depending on the
sedation used, patients were separated into the propofol–
meperidine group (Group PM) and propofol–ketamine
group (Group PK). All procedures were performed by the
same surgeon who had more than 5 years of experience
in gastrointestinal endoscopy. Sedation protocol was
performed by the same resident anesthesiologist.

All patients were fasted for solid foods for at least 6 h before
UGE. No premedication was administered. In the endoscopy
room, after the establishment of intravenous access, 0.9%
NaCl infusion had been started at the rate of 10 mL/kg/h.
The patients received 3 L/min supplementary oxygen via
nasal cannula during the procedure. Three puffs of lidocaine
spray were applied on the pharynx as topical anesthesia
before the procedure, and patients with a history of allergy
to local anesthetics were excluded. Electrocardiography
(ECG), heart rate (HR), respiratory rate (RR), and peripheral
oxygen saturation (SpO2) was monitored and recorded
during the procedure until discharge from the hospital.
The patients who received the same sedation protocols
were selected. In Group PM, 0.4 mg/kg meperidine was
administered, followed by 0.5 mg/kg propofol 3 min later.
In Group PK, a mixture of 0.5 mg/kg propofol and 0.5 mg/kg
ketamine was administered. In both groups, repeated doses
of 10–20 mg propofol were used to maintain sedation to
achieve moderate level of sedation as described below.
The Observer’s Assessment of Alertness/Sedation Scale
(OAA/S) was used to assess the sedation level every
minute, and moderate sedation (OAA/S 2-4) was provided
throughout the endoscopic procedure as per the sedation
protocol of the hospital (Table 1).
HR, NIBP, RR, and SpO2 values were recorded before the
sedation induction and every 2 min after the commencement
of the sedation throughout the procedure. Thereafter, NIBP
was measured every 5 min until hospital discharge and HR,
RR, and SpO2 were continuously evaluated.
The patients were transferred into the recovery room after
the procedure. Thereafter, the patients with the following
criteria were considered for discharged from the hospital as
per the anesthesia protocol of the hospital: 1) mean arterial
pressure ≥70 mmHg, 2) HR≥60 bpm 3) SpO2≥95% in room air,
4) sitting in bed without help, and 5) fully conscious (OAA/S
score 5). Before hospital discharge, patients’ satisfaction was
evaluated using a four-point Likert Scale (1=unsatisfied,
2=somewhat satisfied, 3=satisfied, and 4=very satisfied).
Moreover, the recollection of the procedure was specified
by the patients as “Yes” or “No.”
Table 1. Observer’s assessment of alertness/sedation scale (OAA/S)
Observation
Score level
Responds readily to name spoken in normal tone

5

Lethargic response to name spoken in normal tone

4

Responds only after name is called loudly and/or repeatedly

3

Responds only after mild prodding or shaking

2

Responds only after painful trapezius squeeze

1

Does not respond to painful trapezius squeeze

0
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Table 2. Characteristics of the patients
Characteristics

PM (n=77)

PK (n=77)

Age (y)
49±17
47±14
Gender, M/F
26/51
26/51
BMI (kg/cm2)
27.77±4.81
28.25±4.95
ASA classification I/II
57/20
61/16
Tobacco/alcohol use
14 (18.2%)
16 (20.8%)
Co-existing disease
26 (33.8%)
20 (26%)
Cardiovascular disorders 11 (14.3%)
13 (16.9%)
Diabetes mellitus
9 (11.7%)
5 (6.5%)
COPD
3 (3.9%)
4 (5.2%)
Others
7 (9.1%)
2 (2.6%)
Medical treatment
25 (32.5%)
20 (26%)
Cardiovascular drugs
15 (19.5%)
14 (18.2%)
Oral antidiabetics
11 (14.3%)
5 (6.5%)
Bronchodilators
2 (2.6%)
6 (7.8%)
Others
6 (7.8%)
1 (1.3%)
Operation history
31 (40.3%)
32 (41.6%)
Gastrointestinal surgery
6 (7.8%)
7 (9.1%)
Others
28 (36.4%)
25 (32.5%)
Additional dose				
No additional dose
72 (80.9%)
58 (75.3%)
1 additional dose
16 (18%)
18 (23.4%)
2 additional dose
1 (1.1%)
1 (1.3%)

P
0.409
>0.999
0.540
0.568
0.272
0.291
0.657
>0.999
0.834
0.167
0.376
0.837
0.113
0.276
0.116
0.186
0.772
0.611
0.683

Data given as mean ± SD or number and percent of cases.
M: Male; F: Female; ASA: American Society of Anesthesiologist; BMI: Body
mass index; COPD: Chronic Obstructive Pulmonary Disease; PM: Propofolmeperidine; PK: Propofol-ketamine.

Table 3. Side effects and procedure related times
Variable

PM (n=77)

PK (n=77)

P

Overall side effects
11 (14.3%)
12 (15.6%)
0.821
Hypoxemia
7 (9.1%)
9 (11.7%)
0.597
Apnea
2 (2.6%)
3 (3.9%)
>0.999
Hypotension
6 (7.8%)
0 (0%)
0.028
Procedure related times (min)			
Endoscopy time
8.19±3.36
7.39±2.90
0.113
Awake time
7.21±3.70
8.91±4.10
0.008
Time to hospital discharge
35.01±9.81 36.99±10.62 0.233
PM: Propofol-meperidine; PK: Propofol-ketamine.

For each patient, we recorded the demographic data,
American Society of Anesthesiologist (ASA) physical
status, presence of concomitant disease, history of medical
treatment and surgery, and number of additional sedative
dose. Cardiopulmonary side effects including hypotension
(>30% decrease in baseline mean arterial pressure or
systolic arterial pressure <90 mmHg), bradycardia (HR, <50
bpm), hypoxemia (SpO2 <90% on oxygen supplementation),
apnea (respiratory arrest, >15 s), permanent brain damage

and death, and other values (arrhythmia, chest pain, or
pulmonary edema) were also recorded. Furthermore,
endoscopy time (time interval between endoscope
insertion and removal), awake time (time interval between
the removal of the endoscope and when the patient had an
OAA/S score of 5), time to hospital discharge (time interval
between the removal of the endoscope and discharge from
the hospital), and patient satisfaction were also evaluated.
Statistical analysis was performed using the SPSS Software
Package for Windows (Statistical Package for Social Sciences,
version 17.0, SPSS Inc., Chicago, IL, USA). Quantitative
variables were presented as mean±standard deviation
(SD). Sample size was calculated based on the incidence of
cardiopulmonary side effects. Based on a previous study,
cardiopulmonary side effects were approximately 27% with
propofol sedation for UGE.[11] Power analysis with α=0.05
and β=0.2 for detecting 50% reduction in cardiopulmonary
side effects after adding meperidine or ketamine to
propofol revealed that each group required a minimum
of 74 patients. Student’s t test was used to compare the
quantitative data between the groups (normality of the
data distribution were analyzed using the Kolmogorov–
Smirnov test). Categorical variables were presented as
number and percentage of patients and compared with the
chi-square or Fisher’s exact tests. The correlation between
the additional doses of study drugs and the procedurerelated times were analyzed using Spearman’s correlation
test. A p value of <0.05 was considered to be statistically
significant.

Results
In total, 154 consecutive patients who underwent diagnostic UGE between January 2015 and December 2016
under sedation with propofol–meperidine and propofol–
ketamine were included in the study. All procedures were
successfully performed without any surgical complications.
The main indication for UGE was epigastric pain/discomfort
(n=102), followed by gastroesophageal reflux (n=23), nausea/vomiting (n=25), anemia (n=13), hematemesis (n=11),
dysphagia (n=7), and weight loss (n=6).
We did not find any significant differences between the
groups in terms of patients’ characteristics including age,
gender, body mass index, ASA classification, smoking/alcohol use, presence of coexisting disease, and history of medical treatment and surgery (Table 2). The number of patients
who required additional doses of study drugs to maintain
the desired level of sedation were 17 in Group PM and 19 in
Group PK, and there was no significant difference between
the groups (p=0.683, Table 2).
Although the overall incidence of side effects did not dif-
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fer between the groups, the incidence of hypotension was
significantly higher in Group PM compared with Group PK
(p=0.028, Table 3). Hypotension was treated with 250 mL
isotonic NaCl infusion in 5 min period, and none of the
patients required vasopressor treatment with ephedrine.
Hypoxemia was successfully treated by increasing the oxygen flow rate. Apnea was recovered using the chin lift maneuver in five patients. Bradycardia, permanent damage, or
death did not occur in any patient (Table 3).
Procedure-related times are shown in Table 3. We did not
find any significant differences between the groups in
terms of endoscopy time (p=0.113) and time to hospital discharge (p=0.233). The awake time was significantly shorter
in Group PM than in Group PK (7.21±3.70 vs. 8.91±4.10 min,
p=0.008). Moreover, we found a low-level positive correlation between the additional dose requirement and endoscopy time (Spearman Rho coefficient =0.191, p=0.014)
and time to hospital discharge (Spearman rho coefficient
=0.168, p=0.031).
Patient satisfaction for the two groups was similar
(p=0.245). Satisfaction level was qualified as “very satisfied”
in 74 patients and as “satisfied” in three of Group PM. Satisfaction level was qualified as “very satisfied” in all patients
of Group PK. None of the patients remembered the endoscopic intervention.

Conclusions
EGD is a widely accepted minimally invasive tool that is
used in the diagnosis, treatment, and follow-up for upper
gastrointestinal diseases.[13] The use of sedation represents
a standard for upper gastrointestinal endoscopies in developed countries.[14] Relieving pain and discomfort, eliminating anxiety, diminishing patient’s memory of the procedure, and improving patient satisfaction and quality of
examination are the objectives of sedation during endoscopy.[10] On the other hand, most of the cardiopulmonary
side effects during the course of the procedure are related
to sedation.[7]
Propofol-based sedation is the recommended sedation
regimen for EGD. Combination of propofol with other sedative and analgesic agents aim to reduce the propofol dose
and minimize the likelihood of dose-related side effects.
[6-8-10]
Various drugs including midazolam, opioids, and ketamine were combined with propofol to induce sedation for
EGD, but the best sedation regimen is still under debate.[15]
Although the use of propofol for endoscopic sedation has
significantly increased in recent years because of its superior recovery profile,[16, 17] it has been reported that propofol
sedation is associated with a higher incidence of cardiac arrest and death compared with traditional sedation during

EGD.[7, 18] When propofol is used alone, higher doses are often required for gastrointestinal endoscopy because of its
minimal analgesic activityand thus, deepening of sedation
may occur.[9, 17-22] Thus, deepening in sedation may occur related to the propofol dose.[17, 18-20-22] Oversedation resulting
in hypoxemia was found to be responsible for most of the
cardiac arrests.[7-18-21]
Compared with propofol alone, propofol combined with
an opioid or ketamine reduces propofol dose, improves
dose-related cardiopulmonary complications and quality
of sedation, and increases patients’ tolerance during procedural sedation.[8, 22] There are limited studies that have investigated the cardiopulmonary safety profile of propofol
combined with the meperidine or ketamine during gastrointestinal endoscopy.
To the best of our knowledge, this is the first study to compare propofol–meperidine and propofol–ketamine sedation in UGE. The primary aim was to investigate the cardiopulmonary side effects of these sedation regimens. The
present study showed that propofol–ketamine had a better hemodynamic stability compared with propofol–meperidine. All patients who developed hypotension received
propofol–meperidine (six patients, 7.8%), and no patient in
the propofol–ketamine group had hypotension (p=0.028).
Hypotension was ameliorated by the volume replacement
without vasopressor requirement. Hypoxemia was the
most common side effect in both groups (9.1% and 11.7%,
respectively), but there was no significant difference between the groups (p=0.597). Hypoxemia and apnea were
transient and improved by chin lift maneuver and increase
in oxygen flow rate. We did not have to use artificial airway
and ventilation support.
The incidence of cardiopulmonary complications with the
combination of propofol and ketamine or meperidine in
our study is comparable to previous studies.[22 ,23-25-28] It has
been shown that the addition of ketamine to propofol allowed stable hemodynamics because of sympathomimetic
effects of ketamine and reduced risk of hypoxemia even in
pediatric patients with cardiac defects during procedural
sedations.[8-23, 24] In a prospective randomized study by Nejati et al.,[25] it was reported that hypotension and hypoxemia
was not observed in two of 31 patients (6.45%) and apnea
was observed in one of 31 patients (3.2%) during sedation
for colonoscopy with a 1:1 mixture of ketamine and propofol. Tosun et al.[12] found similar rate of hypoxemia (6.52%)
and no hypotension with ketamine and propofol sedation
in pediatric patients who underwent UGE.
Although ketamine-associated laryngospasm and hypersecretion are uncommon, it can lead to respiratory difficulties.[26] In the present study, laryngospasm and hyper-
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secretion were not observed in any patient. Emergence
reactions are the most frequently investigated side effects
related to ketamine in a dose-dependent manner.[27] Even if
combined with propofol, doses of ketamine >1 mg/kg were
associated with 29% incidence of emergence reactions after procedural sedation.[25] The use 0.5 mg/kg of ketamine
with or without propofol may eliminate emergence reactions.[28-29] We did not observe emergence reactions in any
patient after the procedure because of low-dose ketamine
combined with propofol.
Unlike ketamine, the incidence of hypoxemia and hypotension were found comparable between propofol alone
and propofol–meperidine for sedation during colonoscopy.[22] On the other hand, Lopez et al.[30] found a lower rate
of hypoxemia when propofol was used alone compared
with propofol–meperidine during gastroscopy. Their observed incidence of hypoxemia in propofol–meperidine
group (11.9%) was comparable to our findings (9.1%). Tagle
et al.[31] observed desaturation in only one patient (1.1%)
during gastroscopy under propofol–meperidine sedation.
We found desaturation in 9.1% of the patients because of
higher dose of propofol in our study compared with Tagle
et al.’s study.
Propofol leads to a decrease in cardiac output and systemic vascular resistance, resulting in hypotension.[6] Although
meperidine produces only mild hemodynamic depression,
addition of meperidine to propofol may potentiate hypotension due to synergic action.[32] Previous studies have revealed that the use of larger initial bolus doses of propofol
was associated with higher incidence of hypotension.[22-30]
Hsieh et al.[21] reported hypotension incidence as 23% for
an initial bolus of 1 mg/kg propofol, which was then titrated in 10–20 mg increments plus 25 mg of meperidine (dose
of propofol, 129.80±37.93 mg). In contrast, Sáenz-López et
al.[30] reported no hypotension for an initial bolus of 20 mg
of propofol, followed by boluses of 10 mg every 30 s plus
25–50 mg of meperidine (dose of propofol, 66.93 mg).
Procedure-related times were evaluated and compared
between the groups. Despite the fact that propofol–meperidine had a significantly shorter awake time compared
with propofol–ketamine (p=0.008), the time to hospital discharge was not affected by the type of sedation (p=0.233).
The results of the present study are comparable to those of
previous studies.[11-21-34-37] These studies indicated that the
recovery and discharge times might vary because of multiple factors, such as dose of sedatives, concomitant use
of other sedatives or opioids, level of sedation, type of the
procedure, and assessing methods of recovery.
The American Society for Gastrointestinal Endoscopy and
ASA guidelines recommend blood pressure, HR, RR, and

SpO2 monitoring for moderate sedation during gastrointestinal endoscopy.[38,39] Continuous ECG is also suggested
by ASA for patients with significant cardiovascular disease
or arrhythmia.[39] These parameters were monitored for all
patients throughout sedation in the present study.
There are several limitations of the present study. First, the
retrospective design of the study is a well-known methodological limitation. Although anesthesia and endoscopy
records were considered to be reliable and precise, there
may be insufficiency in the records. However, in our study,
the incidence of side effects might have been underreported. Second, there was no control group (propofol alone).
Therefore, we could not evaluate the benefit of meperidine
or ketamine addition to propofol. Third, determining the
actual side effect rates was difficult because of the limited
number of patients.
In conclusion, the present study demonstrated that although respiratory events were similar in both sedation
regimens, propofol–ketamine seems to be superior compared with propofol–meperidine in terms of hemodynamic stability. However, propofol–meperidine sedation had
a faster recovery time compared with propofol–ketamine
sedation for EGD. Furthermore, high patient satisfaction
levels were obtained with both sedation regimens.
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