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Numerous combinations of drugs are used for sedation in upper gastrointestinal 
endoscopies. The aim of this study was to compare the quality of two sedation 
regimens in upper gastrointestinal endoscopy performed on pediatric patients. 
After the study approval by the local ethics committee of Ondokuz Mayıs 
University Hospital, written informed consent was obtained from parents. 
Eighty patients between the ages of 1 and 18 were randomized into two groups. 
Group K (n=40) received propofol 1 mg/kg + 1 mg/kg ketamine intravenously. 
Group T (n=40) received propofol 1 mg/kg + 1 mg/kg tramadol intravenously. In 
both groups, additional propofol (0.5 mg/kg) was administrated when a patient 
showed signs of discomfort, in order to maintain a Ramsey Sedation Scale of 
4 to 5. In Group K, additional propofol requirements were significantly lower 
compared to Group T (p=0.003). Group K had significantly higher sedation 
scores than Group T at 3rd min. (p=0.028) and 20th min. (p=0.015). Recovery 
time increased significantly in Group K (p=0.002). Although there was no 
difference between two groups concerning the propofol consumption, both 
groups required additional propofol and tramadol resulted in a shorter recovery 
time compared to ketamine.
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1. Introduction
Increasing numbers of gastrointestinal endoscopic 
procedures are being performed outside the operating 
room (Kuzhively and Pandit, 2019).
	 Gastrointestinal endoscopies (GIE) are the 
most useful procedures for diagnosing and treating 
gastrointestinal tract disorders (Van Beek and 
Leroy, 2012). This procedure requires moderate/
deep sedation as described by the American Society 
of Anesthesiologists (ASA) (American Society of 
Anesthesiologists, 2002). Although at least moderate 

sedation is necessary to maintain spontaneous 
ventilation, some children undergoing endoscopy 
require deep sedation. As levels of sedation can change 
rapidly, maintaining spontaneous ventilation and 
patient safety is quite difficult. The most commonly 
used medications for pediatric sedation are barbiturates, 
benzodiazepines, propofol, ketamine, and opioids 
(Van Beek and Leroy, 2012). This study was aimed to 
compare the clinical efficacy and safety of a propofol–
ketamine combination and of a propofol–tramadol 
combination in children undergoing GIE.
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2. Materials and methods
After approval of the study by the local ethics committee 
of Ondokuz Mayıs University Hospital (OMU-KAEK 
2012-113, 30.11.2012), written informed consent was 
obtained from parents. Eighty ASA physical status I–II 
patients, ages 1 to 18 who were scheduled for upper 
gastrointestinal endoscopies (UGIE), were randomized 
using a sealed envelope assignment. Patients were 
excluded from the study if they had a history of allergic 
reactions to the study drugs, eggs, or soybeans; a history 
of behavioral problems and neurological impairment; 
preexisting respiratory conditions and previous difficult 
intubations. 
	 The patients, pediatric endoscopist, and 
anesthesiologist were blinded to the study groups. 
Another anesthesiologist administrated the study drugs 
and monitored the patient. No sedative premedication 
was administered, and patients fasted for at least 6 h 
before the intervention.
	 Patients were divided into two groups. The 
ketamine group (Group K, n=40) received propofol 
(propofol-lipuro; 10 mg/mL, Braun, Philippines) 1 mg/
kg + 1 mg/kg ketamine (ketalar; 50 mg/mL ketamine 
hydrochloride, Pfizer USA) intravenously (IV), 
while the tramadol group (Group T, n=40) received 
propofol 1 mg/kg + 1 mg/kg tramadol (contramal; 
100 mg/ampul, Abdi İbrahim, Turkey) IV. Patients in 
both groups received 1 mg/kg propofol for sedation 
induction. In both groups, additional propofol (0.5 mg/
kg) was administrated when a patient showed signs 
of discomfort in order to maintain a RSS of 4 to 5. 
The heart rate (HR), mean arterial pressure (MAP), 
peripheral oxygen saturation (SpO2), respiratory rate 
(RR), and Ramsay sedation scores (Ramsay et al., 
1974) of all patients were recorded at baseline, after 
induction, and every five min thereafter during the 
procedure by an anesthesiologist blinded to the study.
	 The following data were recorded for each patient: 
Age, sex, weight, duration of the procedure (defined 
as the time from oral insertion of the endoscope to its 
withdrawal), recovery time (defined as the time to reach 
a Steward Recovery score (Steward, 1975), number of 
patients who needed additional propofol, and adverse 
effects during and after the procedure.
	 Adverse events included laryngospasm [wheezing, 
stridor, seizure (generalized tonic-clonic activity) and 
dyspnea], changes in the MAP and HR of at least 20% 
from baseline, oxygen desaturation with SpO2 of < 90% 
for more than 15s, increased secretions (which require 
suction), nausea, vomiting, and agitation. After the end 
of procedure, during the recovery period agitation was 
evaluated by four-point scale (Watcha et al., 1992); 1= 
calm, quite, 2= crying, but can be consoled, 3= crying, 
cannot be consoled, and 4= agitated and thrashing 
around. Children with an agitation score of 3 or 4 were 
classified as agitated.

Statistical analysis was performed using Statistical 
Package for Social Sciences, version 20.0 (SPSS Inc., 
Chicago, IL, USA). Between-group comparisons of 
numerical data were analyzed using the Mann–Whitney 
U Test or a t-test. Adverse events and additional 
propofol required were analyzed using Fisher’s 
exact test and Pearson’s chi-square test respectively. 
A repeated measures analysis of variance was used 
to evaluate respiratory rate and hemodynamic data. 
Statistical significance was reached when the p < 0.05.

3. Results
Eighty patients ranging in age from 1 to 18 successfully 
completed the procedure. There were no statistically 
significant differences between groups with respect to 
age, sex, weight, duration of the procedure, agitation 
score, or adverse events. 
	 Compared to Group T, Group K had significantly 
lower additional propofol requirements (p=0.002, 
Table 1) and significantly higher sedation scores at the 
3th min (p=0.028) and 20th min (p=0.015) (Fig. 1).  The 
recovery time was significantly higher in Group K than 
Group T (p=0.002, Fig. 2). 

	 Comparisons of the groups’ HR, MAP, RR, SpO2, 
duration of the procedure and number of adverse 
events did not reveal any statistical significance. 
One patient in each group experienced an adverse 
respiratory event. Respiratory depression requiring 
bag-valve-mask ventilation, occurred in one patient in 
each group. Other adverse events for ketamine group 
included tachycardia (4), nausea (1), laryngospasm (1), 
and increased secretions (1). As for the tramadol group 
bradycardia and hypotension occurred in 1 patient, but 

Fig. 1. Ramsey sedation scores in both groups. Significantly 
higher sedation scores 3th min (p=0.028) and 20th 
min (p=0.015) in group K.

Table 1. Number of patients required one or more additional propofol 
boluses (p=0.002). 

Group K
(n=40)

Group T
(n=40) P value

Additional propofol 
required 21 (52.5%) 34 (85%) 0.002
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there were no significant differences between the study 
groups (Table 2). We observed emergence agitation 
only in one patient in Group K. 

4. Discussion
The aim of this study was to evaluate the effects of 
a propofol–ketamine combination and a propofol–
tramadol combination on hemodynamics, quality of 
sedation,  recovery profile and adverse events in pediatric 
patients undergoing UGIE. Endoscopic procedures 
are frequently performed outside the operating room. 
While medical centers perform different approaches, 
there is no ideal protocol for sedation in children during 
endoscopic procedures (Chung and Lightdale, 2016). 
The ideal sedative agent for endoscopic procedures 
should have a rapid onset and a short duration of 
action (Stogiannou et al., 2018). Propofol is commonly 
used for sedation outside the operating room. Beyond 
its sedative hypnotic effect, though, propofol has 
no analgesic properties. Therefore, it is frequently 
combined with analgesic drugs, especially opioids. 
The combination of propofol and ketamine has been 
associated with effective sedation and analgesia during 
UGIE.

	 Ketamine has many advantages. First, in addition 
to its analgesic effects, it acts as an anxiolytic and 
amnesic drug while protecting airway reflexes. It has 
a short duration of action and allows rapid recovery, 
(Roelofse, 2010). Sharieff et al. reported the patient 
receiving single dose 0.5:1 ratios of ketamine: propofol 
showed rapid recovery. In contrast, prolonged recovery 
was associated with continuous infusions, especially 
1:1 ratio of propofol ketamine mixture (Sharieff et al., 
2007; Kramer et al., 2012; Finn et al., 2014). In our 
study 1:1 ratio of propofol:ketamine combination was 
probably associated with prolonged recovery in group 
K. Besides its advantages, ketamine is associated 
with laryngospasm, hypersalivation, emergence 
delirium. Brecelj et al. reported potentially dangerous 
laryngospasm and hypersalivation in 5% of patients 
in both study groups (Brecelj et al., 2012). Incidence 
of laryngospasm was relatively higher (13.9%) in 
preschool-age children (< or =6) than school-age 
children (3.6%) (Green et al., 2001). In our study, 
laryngospasm occurred in one patient who was six 
years old and sedated with ketamine - propofol (2.5%). 
It is reported that using propofol and ketamine as 
combination may lead to lower rates of adverse events. 
Likewise, hypersalivation occurred in only one child 
who was also sedated with ketamine – propofol (Alletag 
et al., 2012). Another important adverse event is the 
emergence agitation, common undesired effects of 
ketamine, are significantly decreased with the addition 
of propofol (Alletag et al., 2012).  Thus, we observed 
emergence agitations in only one patient who did not 
need any treatment.
	 Many studies have evaluated vomiting during 
pediatric procedural sedation. In three different studies 
in which the effects of sedation with ketamine were 
investigated, the frequency of vomiting among children 
was 17%, 19.4% and 18.9%, respectively (Wathen et 
al., 2000; Langston et al., 2008; Brecelj et al., 2012). 
In the present study, we observed nausea in only one 
patient in the ketamine group and none in the tramadol 
group. We did not observe any vomiting. This result 
may be related to the antiemetic property of propofol.
	 Combinations of drugs use lower doses of each 
agent and might reduce their hemodynamic effects. In 
our study, there were no differences in hemodynamic 
instability between the study groups. It was 
recommended a combination of ketamine–propofol, 
rather than fentanyl–propofol, for hemodynamic 
stability (Guit et al., 1991). UGIEs are among the 
most common outpatient procedures, and the most 
frequent adverse events during procedural sedation are 
respiratory (Van Beek and Leroy, 2012). Therefore, 
we used tramadol to avoid respiratory adverse events 
such as hypoxia and laryngospasm. In addition to 
a weak opioid analgesic effect, tramadol has less 
sedation potency, respiratory depression, and minimal 

Fig. 2. Recovery times in both groups. The recovery time 
was significantly higher in Group K than Group T 
(p=0.002).

Table 2. Type and frequency of adverse events (p>0.005). 

Group  K Group T

Hypotension - 1 (2.5%)

Bradycardia - 1 (2.5%)

Tachycardia 4 (10%)

Decrease in SpO2 1 (2.5%) 1 (2.5%)

Laryngospasm 1 (2.5%) -

Increase in secretions 1 (2.5%) -

Nausea 1 (2.5%) -

Vomiting - -

Agitation 1 (2.5%) -
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gastrointestinal dysfunction compared opioid drugs. 
In our study, the number of patients with additional 
propofol requirement were significantly higher in the 
tramadol group than the ketamine group. In addition, 
the tramadol group had significantly lower sedation 
scores than the ketamine group. In our opinion, these 
findings are related to the weak sedative property 
of tramadol. Thus, recovery time was significantly 
shorter in the tramadol group than the ketamine group. 
Rare adverse effect profile and shorter recovery time 
improving patient safety and lowering costs, reducing 
length of hospital stay can release capacity in the 
system (including beds and staff time) and enabling the 
hospital to serve more patients. 
	 Our study has some limitations. First, we do not 
know whether patients experienced unpleasant dreams 
and hallucinations after the procedures. Different doses 
could be compared in larger patient groups undergoing 
UGIE. Finally, these regimens might not suitable for 
longer procedures. 

	 The present study demonstrated that, combination 
of tramadol-propofol result in a faster recovery 
without increase the rate of adverse effects. However, 
patients required additional propofol due to insufficient 
sedation, so tramadol should be considered for short 
procedures.

Acknowledgments
Ethical approval
The experimental protocol of this study was reviewed 
and approved by the Clinical Research Ethical 
Committee of Ondokuz Mayis University, Samsun, 
Turkey (Ethical Committee Number: OMU-KAEK 
2012-113, 30.11.2012).

Informed consent
Parental permission consent document was obtained 
from both parents/legal guardians in this study.

Conflict of interest
The authors declare that they have no conflict of 
interest.

REFERENCES

Alletag, M.J., Auerbach, M.A., Baum, C.R., 2012. Ketamine, propofol, and ketofol use for pediatric sedation. Pediatr. Emerg. Care. 
28, 1391-1395.

American Society of Anesthesiologists Task Force on Sedation and Analgesia by N.A., 2002. Practice guidelines for sedation and 
analgesia by non-anesthesiologists. Anesthesiol. 96, 1004-1017.

Brecelj, J., Trop, T.K., Orel, R., 2012. Ketamine with and without midazolam for gastrointestinal endoscopies in children. J. Pediatr. 
Gastroenterol. Nutr.  54, 748-752.

Chung, H.K., Lightdale, J.R., 2016. Sedation and monitoring in the pediatric patient during gastrointestinal endoscopy. Gastrointest. 
Endosc. Clin. N. Am. 26, 507-525.

Coulter, F. L., Hannam, J. A.,  Anderson, B. J., 2014. Ketofol simulations for dosing in pediatric anesthesia. Paediatr. Anaesth. 24, 
806-812. 

Green, S.M., Klooster, M., Harris, T., Lynch, E.L., Rothrock, S.G., 2001. Ketamine sedation for pediatric gastroenterology 
procedures. J. Pediatr. Gastroenterol. Nutr. 32, 26-33.

Guit, J.B., Koning, H.M., Coster, M.L., Niemeijer, R.P., Mackie, D.P., 1991. Ketamine as analgesic for total intravenous anaesthesia 
with propofol. Anaesthesia. 46, 24-27.

Kramer, K. J., Ganzberg, S., Prior, S., Rashid, R. G., 2012. Comparison of propofol-remifentanil versus propofol-ketamine deep 
sedation for third molar surgery. Anesth. Prog. 59, 107-117.

Kuzhively, J., Pandit, J.J., 2019. Anesthesia and airway management for gastrointestinal endoscopic procedures outside the 
operating room. Curr. Opin. Anaesthesiol. 32, 517-522.

Langston, W.T., Wathen, J.E., Roback, M.G., Bajaj. L., 2008. Effect of ondansetron on the incidence of vomiting associated with 
ketamine sedation in children: A double-blind, randomized, placebo-controlled trial. Ann. Emerg. Med. 52, 30-34.

Lightdale, J.R., Mitchell, P.D., Fredette, M.E., Mahoney, L.B., Zgleszewski, S.E., Scharff, L., Fox, V.L., 2011. A pilot study of 
ketamine versus midazolam/fentanyl sedation in children undergoing GI endoscopy. Int. J. Pediatr.   2011, 623710.

Ramsay, M.A., Savege, T.M., Simpson, B.R., Goodwin, R., 1974. Controlled sedation with alphaxalone-alphadolone. Br. Med. J. 
2, 656-659.

Roelofse, J.A.,  2010. The evolution of ketamine applications in children. Paediatr. Anaesth. 20, 240-245.
Sharieff, G.Q., Trocinski, D.R., Kanegaye, J.T., Brock, F., Jim R.H., 2007. Ketamine-ßpropofol combination sedation for fracture 

reduction in the pediatric emergency department. Pediatr. Emerg. Care. 23, 881-884.
Steward, D.J., 1975. A simplified scoring system for the post-operative recovery room. Can. Anaesth. Soc. J. 22, 111-113.
Stogiannou, D., Protopapas, A., Protopapas, A., Tziomalos, K., 2018. Is propofol the optimal sedative in gastrointestinal endoscopy? 

Acta. Gastroenterol. Belg. 81, 520-524.
Van Beek, E.J., Leroy, P.L., 2012. Safe and effective procedural sedation for gastrointestinal endoscopy in children. J. Pediatr. 

Gastroenterol. Nutr. 54, 171-185.
Wathen, J.E., Roback, M.G., Mackenzie, T., Bothner, J.P., 2000. Does midazolam alter the clinical effects of intravenous ketamine 

sedation in children? A double-blind, randomized, controlled, emergency department trial. Ann. Emerg. Med. 36, 579-588.


