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a b s t r a c t

Background and study aim: Upper endoscopy can be successfully carried out in children under deep seda-
tion and anaesthesia. However, the best method of upper endoscopy for children who require gastroin-
testinal intervention has yet to be defined. The aim of this study is to investigate the efficacy and safety of
the sedation induced by intravenous midazolam and ketamine during upper endoscopy in children.
Patients and methods: This study included patients ages 3–18 years who had undergone upper endoscopy.
All subjects received IV midazolam and ketamine. During the intervention, hypoxia, tachycardia, brady-
cardia, hypertension, and hypotension were recorded. After the intervention, euphoria, dysphoria,
vertigo, visual problems (such as diplopia and nystagmus), and emergencies (such as arrhythmia, convul-
sion, and hallucination), among other findings, were recorded. Older children who were capable of
expressing themselves were questioned to help determine these conditions.
Results: The mean age of the study group was was 11.9 ± 3.42 years; 54% of the patients were females,
and 46% were males. During the upper endoscopy, hypoxia occurred in 9% of patients, mild hypertension
in 14%, hypotension in 5%, tachycardia in 23%, bradycardia in 8%, and flushing-urticaria in 2%. After the
upper endoscopy, one of the most common complications was sore throat, which occurred in 24% of
patients. Vomiting was observed in 14% of patients, dizziness in 24%, diplopia in 27%, euphoria in 3%
(5 patients), dysphoria in 4%, and hallucination in 4%. Of the total patients, 4% required oxygen supply
with a face mask.
Conclusion: The results of our study showed that the use of IV midazolam and ketamine during upper
endoscopy in children was safe and effective.

� 2017 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.

Introduction

Upper endoscopy can be successfully carried out in children
under deep sedation and anaesthesia [1]. However, the best
method of upper endoscopy for children who require gastrointesti-
nal intervention has yet to be defined. Furthermore, the ideal seda-
tion method, either combined or monotherapy, in paediatric
gastrointestinal system (GIS) endoscopy has to be determined
[2]. In recent years, several intravenous (IV) agents, such as mida-
zolam, meperidine, propofol, fentanyl, and ketamine, have been
used for anxiolytic, amnestic, and analgesic purposes during endo-
scopic interventions [3,4]. Midazolam is a benzodiazepine deriva-
tive that is 3–6 times more potent than diazepam; its action
starts within 1–5 min and lasts for approximately ½-1 h. Several
studies have shown that midazolam is biotransformed and

excreted relatively faster in children than in adults [5]. Ketamine
is a dissociative agent that decreases the muscle tone in the upper
airways and inhibits the laryngeal reflex; it is used as an alterna-
tive to narcotics and benzodiazepines during paediatric gastroin-
testinal endoscopy. However, side effects, such as apnoea,
hypoxia, vomiting, hypotension, agitation, and allergic reactions,
might be encountered during the use of these agents [6,7]. The
aim of our study was to investigate the safety and efficacy of intra-
venous midazolam and ketamine, which have been used for seda-
tion during upper endoscopy in children.

Patients and methods

This study was carried out prospectively in patients ages
3–18 years who had undergone upper endoscopy due to dyspepsia,
chronic diarrheoa, coeliac disease, and other conditions (such as
varices, foreign body ingestion, corrosive oesophagitis, and balloon
dilatation), in the endoscopy unit of the Paediatric Gastroenterol-
ogy Department at Akdeniz University between August 2014 and
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August 2015. Ethics committee approval was received for this
study. Informed consent was obtained from the families of the
patients before the intervention. Patients with cardiac, pulmonary,
neurologic, or metabolic disorders, hepatic failure, and known
hypersensitivity to midazolam and ketamine were excluded from
the study. Only patients with a score of 1 or 2 according to the clas-
sification of The American Society of Anaesthesiologists were
included [8].

All patients received 0.1 mg/kg (max. 4 mg) midazolam (Dormi-
cum; Roche, Istanbul, Turkey) and 0.5 mg/kg (max. 2 mg/kg) keta-
mine (Ketalar; Pfizer, Sandwich, UK) as a slow IV infusion given by
an endoscopy nurse. The upper endoscopy was carried out by a
paediatric endoscopist with the use of an EG530 WR gastroscope
(9.4 mm in diameter; Fujinon, Tokyo, Japan). The efficacy of seda-
tion was evaluated by the endoscopist according to the Ramsay
Sedation Scale (RSS) [9], which gives patients scores ranging from
1 to 6 depending on their responsiveness and cooperation. Accord-
ing to the RSS scoring, R5 (deep sedation; the patient responds only
to painful stimulation) was considered as a contraindication to an
additional dose of midazolam. The patients were monitored over
the whole duration of the intervention; the cardiac apex beat,
peripheral oxygen saturation, and arterial hypertension were
recorded by the nurse. All patients received 2 L/min oxygen with
the use of a nasal cannula.

The side effects recorded during the intervention included
hypoxia (peripheral oxygen saturation <90%), tachycardia (apex
beat 30% higher than the age-adjusted normal rate), bradycardia
(apex beat 30% lower than the age-adjusted normal rate), hyper-
tension (20% increase in blood pressure over the age-adjusted nor-
mal level), hypotension (20% decrease in blood pressure below the
age-adjusted normal level), flushing, urticaria, vomiting, apnoea,
convulsion, and requirement of oxygen supply with a face mask.
The complications that occurred after the intervention included
euphoria, dysphoria, hallucination, vertigo, visual problems (such
as diplopia and nystagmus), and emergencies (such as arrhythmia,
convulsion, apnoea, and requirement of oxygen supply with a face
mask), among other conditions. Older children who were capable
of expressing themselves were questioned to help determine these
conditions. [10].

The recovery period was assessed by applying the REACT scor-
ing system [11], which uses a scale of 0 to 10 to evaluate the activ-
ity, body temperature, state of consciousness, and cardiovascular
and respiratory conditions of patients. Patients with a REACT score
of 10 could be discharged from the endoscopy unit. All existing
complications at the time of discharge were recorded.

Statistical analysis was done with the SPSS version 15.0 (SPSS
Inc., Chicago, IL, USA). The descriptive statistics were expressed
as means ± standard deviations for continuous variables and as
numbers and percentages for categorical variables.

Results

This study included 275 patients who had undergone upper
gastrointestinal endoscopy in our endoscopy unit between August
2014 and August 2015. Of this total, 97 patients were excluded: 22
refused to participate; 6 did not complete the upper endoscopy; 63
had cardiac, pulmonary, neurologic, or metabolic disorders or hep-
atic failure; and 6 had known hypersensitivity to ketamine and
midazolam. The remaining 178 patients completed the study.
Our endoscopy success rate in patients sedated with the combina-
tion of midazolam and ketamine was 96.7%. The mean age of the
study group was 11.9 ± 3.42 years; 54% of the patients were
females, and 46% were males. Regarding the upper GIS endoscopy
indications, dyspepsia occurred in 59%, coeliac disease in 12%,
chronic diarrheoa in 3%, and other disorders (such as varices,

foreign body ingestion, and corrosive oesophagitis) in 26%. Table 1
shows the distribution of patients according to age, gender, and
indication. Fig. 1 presents the patient flow chart. Most of the
patients were under R4 and R5 according to the RSS classification,
as shown in the RSS distribution in Fig. 2. Most of the patients
received midazolam at a dose of 0.1 mg/kg and ketamine at a dose
of 0.75 mg/kg.

During the intervention, other complications emerged, includ-
ing hypoxia (9%), mild hypertension (14%), hypotension (5%),
tachycardia (23%), bradycardia (8%), and flushing-urticaria (2%)
(Table 2). After the upper endoscopy, 14% of the patients had vom-
iting. Dizziness occurred in 24% of patients, diplopia in 27%, eupho-
ria in 3%, dysphoria in 4%, hallucination in 4%, and oxygen
requirement supplied with a face mask in 4% (Table 3).

Table 1
Demographic characteristics and endoscopy indications
of patients.

Patients N (%)

Age (Mean ± SD) 11,9 ± 3,42
Sex 96(54)K, 82(46)E
Endoscopy indication
Dyspepsia 105 (59)
Suspected coeliac disease 21 (12)
Chronic diarrhoea 5 (3)
Others 47 (26)

Fig. 1. Patient flow diagram.

Fig. 2. Comparison of patients according to the Ramsay Sedation Scale.
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