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Efficacy and Safety of Low Dose Ketamine and Midazolam
Combination for Diagnostic Upper Gastrointestinal Endoscopy
in Children

Ulas Emre Akbulut and Murat Cakir

Department of Pedlatric Gastroenterology Hepatology and Nutrition, Faculty of Medicine, Karadeniz Technical
University, Trabzon, Turkey

Purpose: We aimed to analyze the effectiveness and safety of low-dose midazolam and ketamine combination for
upper gastrointestinal endoscopy (UGIE) in children.

Methods: The study included the children (n=425, 10.78+3.81 years) who underwent UGIE for diagnostic purpose
during 1 year period. All children were sedated with low dose midazolam (0.1 mg/kg) and ketamine (0.5 mg/kg)
intravenously. Effectiveness of the sedation and complications during the procedure and recovery period were
recorded.

Results: Endoscopic procedure was successfully completed in 414 patients (97.4%; 95% confidence interval,
95.8-98.9). Meanztstandard deviation (SD) duration of procedure was 6.36+1.64 minutes (median, 6.0 minutes;
range, 4-12 minutes). Minor complications occurred during the procedure in 39.2% of the patients. The most common
complication was increased oral secretion (33.1%). No major complications were observed in any patient. Age and
Ramsay sedation scores of patients with complications during the procedure were lower than the others (9.49+4.05
years vs. 11.61+3.43 years, p=0.002 and 2.10£1.46 vs. 4.37+1.16, p=0.001). Mean recovery time was 22 minutes
(range, 10-90 minutes; meantSD, 25+12.32 minutes). Minor complications developed during recovery in 60.1%
of the patients. The most common complication was transient double vision (n=127, 30.7%). Emergence reaction
was observed in 5 patients (1.2%).

Conclusion: The procedure was completed with high level of success without any major complication in our study.
Combination of low-dose midazolam and ketamine is a suitable sedation protocol for pediatric endoscopists in UGIE.
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INTRODUCTION

Alarge number of sedative or anesthetic drugs are
used by anesthetists for appropriate sedation in up-
per gastrointestinal endoscopy (UGIE) in children.
However, the number of drugs that can safely be
used in children by pediatric endoscopists is limited
[1]. These drugs are benzodiazepines (e.g., mid-
azolam), opioids (e.g., fentanil) and sedative-hypnotics
(e.g., ketamine) [1,2].

The most frequently employed sedatives are ben-
zodiazepines [3]. These enhance the inhibitor effect
of gamma-amino butyric acid (GABA) by binding
between alpha and gamma subunits on GABA re-
ceptors. All benzodiazepines have anxiolytic and
sedative effects. The anxiolytic effects appear at low
doses, and the dose range is quite wide. Midazolam is
a benzodiazepine with very short-term effects. It has
sedative, hypnotic, anxiolytic and anticonvulsant
properties. It causes anterograde amnesia and has
muscle relaxing effects. It does not establish an-
algesia, but causes mild respiratory depression. It
may cause apnea when administered rapidly at high
doses [4,5]. Although it can be safely used in UGIE in
children, it is of inadequate efficacy by itself and is
therefore used together with other drugs [6,7].

Ketamine is one of the most popular drugs used in
combination with midazolam. It interacts with
various receptors in the brain, such as N-meth-
yl-D-aspartate, opiate, muscarinic, cholinergic and
nicotinic receptors [8]. It is a short-acting agent
(reaching a peak IV concentration in 1 min), is
short-lived (15-30 min) and has a broad safety range
[9,10]. It causes dissociative amnesia characterized
by sedation/anesthesia, amnesia and analgesia [11].
In contrast to benzodiazepine/narcotic drugs, ket-
amine has a sitimulative effect on the pulmonary
systems (e.g., bronchodilation) [12]. However, side-
effects such as aspiration, stridor, laryngospasm and
post-sedation agitation have been reported [13,14].
Late side-effects such as the unpleasant dreams
known as emergence reaction, delirium, excitation
and physical aggression may also rarely be seen [15].

Effective and safety dosages for ketamine and

midazolam combination have not been fully de-
termined in children, and the majority of these stud-
ies have been retrospective [15]. The safety (low side
effects) and efficacy of the sedative drugs is im-
portant in children for the complete endoscopy.
Anesthetists are not always available in many pedia-
tric endoscopy centers, and sedative drugs are main-
ly performed by the supervision of pediatric endo-
scopists. Therefore, we aimed to analyze the effec-
tiveness and safety of low-dose midazolam and ket-
amine combination in children used by pediatric
endoscopists.

MATERIALS AND METHODS

The study was performed prospectively at the
Department of Pediatric Gastroenterology Hepatology
and Nutrition, Faculty of Medicine, Karadeniz Te-
chnical University. Patients receiving UGIE for diag-
nostic purposes were included to the study between
January 2013 and 2014. In our unit, endoscopy was
performed by pediatric gastroenterologist and en-
doscopy nurse. Additionally, a pediatric assistant and
intern were also present during the procedure. All
patients were in classes 1 or 2 as defined by the
American Society of Anesthesiologists [16]. Patients
with respiratory system infection, glaucoma, psy-
chosis, porphyria, hypertension, metabolic or neuro-
logical disease, increased intracranial pressure and
intracranial mass or with known allergy to mid-
azolam or ketamine were excluded, and anesthesia
was performed on these patients accompanied by
anesthetist. Patients undergoing endoscopy for ther-
apeutic purposes or receiving emergency endoscopy
were also excluded. All of other patients were in-
cluded to the study (n=425).

Topical pharyngeal anesthesia was performed on
all patients before sedation using 10% lidocaine spray
(10 mg/puff, Xylocaine Spray; AstraZeneca Ltd., Silk
Road, UK). Once venous access had been secured,
midazolam (1 mg/mL, 5 mL vial, Dormicum; Deva
Holding Ltd., Istanbul, Turkey) 0.1 mg/kg (maximum
4 mg) was slowly injected (2 min) intravenously. Two
minutes later, 0.5 mg/kg ketamine (50 mg/mL, 10 mL
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vial, Ketalar; Pfizer Ltd., Sandwich, UK) diluted with
saline solution was slowly (2 min) injected intra-
venously. The patient’s response to verbal and tactile
stimuli was assessed 2 min after ketamine admi-
nistration. If no response was obtained, the procedure
was initiated by the endoscopist. No antidote was giv-
en to any patient when waking after the procedure.

All UGIE procedures were performed on a Pentax
EPK-100 device (HOYA Corporation, Tokyo, Japan).
Patients were fasted at least 3 hours prior the seda-
tion as the endoscopy protocol. Esophageal, gastric
or duodenal biopsies were taken when necessary
during the procedure. Effectiveness of sedation dur-
ing the procedure was assessed using a modified
Ramsay sedation score (RSS) [3] (Table 1). Under
this system, patients are classified from 1 to 6 on the
basis of their response to stimuli.

Patients were monitored during the procedure,
and peripheral oxygen saturation, heart rate and res-
piration rate by the endoscopist or nurse or other
physician were recorded. All patients were given oxy-
gen by nasal cannula (2 I/min) during the procedure.
Duration of procedure was recorded. Side effect and
complications during the procedure and recovery
were classified as follows; hypoxia (peripheral oxy-
gen saturation <92%), increased oral secretion (co-
pious oral secretions requiring suctioning), brady-
cardia (heart rate less than 30% for age), tachycardia
(heart rate in excess of 30% for age), respiratory (e.g.,
apnea, laryngospasm) and cardiac complications (e.g.,
cardiac arrest), retching/vomiting, flushing/urticaria,
recovery reactions including agitation or crying, vis-
ual problems including double or blurred vision and

Table 1. Ramsay Scale for the Assessment of the Level of
Sedation

Level Response

Patient anxious, agitated, restless

Patient cooperative, oriented, tranquil

Patient responds to commands only

Brisk response to light gabellar tap or auditory stimulus
Sluggish response to light gabellar tap or auditory
stimulus

VR W N =

6  No response to the stimulus mentioned in items 4 and 5
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nystagmus, vertigo, emerge reactions and others.
Emerge reaction is defined as severe recovery agi-
tations such as noisy and pointless hallucinatory re-
sponses, nightmares or unpleasant dreams. Major
complications were considered as prolonged apnea,
bradycardia or cardiac arrest [17].

Time of recovery was assessed using REACT score.
This is scored between 0 and 10 depending on the pa-
tient’s activity, body temperature, and state of con-
sciousness, respiration and circulation [18]. Patients
with a REACT score of 10 were discharged from the
endoscopy unit. Time from end of the procedure to
discharged from the endoscopy unit (recovery time)
was recorded. Complications were recorded as pa-
tients left the unit.

Verbal and inscriptive informed consent was tak-
en from the parents of the children before the endos-
copy procedure.

Data were analyzed on SPSS ver. 13.0 (SPSS Inc.,
Chicago, IL, USA) software. Data are presented as
mean=standard deviation (SD). or percentage where
appropriate. The independent two samples t-test
was used to analyze normally distributed variables
and the Mann-Whitney U test for non-normally dis-
tributed variables. The chi-square test was used to
compare categorical variables. p <0.05 was regarded
as significant.

RESULTS

Patient characteristics

UGIE had been performed on 542 patients in dur-
ing the study period. It was performed together with
special anesthetists in 72 patients (especially pa-
tients younger than 1 years old), and for therapeutic
purposes or as emergency endoscopy in 45 patients.
Sedation was established with midazolam and ket-
amine in 425 patients (184 male, 241 female) receiv-
ing endoscopy for diagnostic purposes (Fig. 1).
Median age of patients was 11 years (range, 1-18
years; mean=SD, 10.78+3.81 years), and median
weight 35 kg (range, 10-90 kg; mean=+SD, 36.46+15.43
kg). Indication of UIGE is shown in Table 2.

The procedure could not be initiated in 5 patients



542 patients
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n=72 (performed with
anesthesiologist)

Sedation was established in 425
patients (184 male, 241 female)
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not initiated in
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n=45 (therapeutic or
emergency endoscopy)
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Procedure was
not completed
in 6 patients

Table 2. The Demographic Characteristics of Patients (n=425)

Parameter Value
Male 184 (43.2)
Age (v) 10.78+3.81 (1-18)
Weight (kg) 36.46=15.43 (10-90)
Indications of endoscopy
Chronic abdominal pain 114 (26.8)
Chronic dyspepsia 8 (23.1)
Reflux related symptoms 0 (18.8)
Suspected celiac disease 6 (13.2)
Chronic diarrhea 9 (11.5)
Others 28 (6.6)

Values are presented as number (%) or mean=standard deviation
(range).

RSS 2
/ (n=33, 7.8%)

T Rss3
(n=51, 12.1%)

(n=209, 49.7%)

RSS 4
(n=25, 5.9%)

Fig. 2. Ramsay sedation score (RSS) of the patients.

Procedure was
successfully
completed in 414
patients

Fig. 1. Study protocol.

Table 3. Evaluation of Patients during and after Endoscopy

(n=425)
Parameter Value

Insufficient sedation 5 (1.2)
Duration of procedure (min) 6.36x1.64 (4-12)
Failure to complete the procedure 6 (1.4)
Success rate of sedation 414 (97.4)
Complications during the procedure 165 (39.3)*
The recovery time (min) 25.00+12.32 (10- 90)
Complications during the recovery 249 (60. 1)

Values are presented as number (%) or mean=standard deviation
(range).

*n=420, 'n=414.

(1.1%) due to agitation of the patient. RSS was 5 in
49.7% of 420 patients (Fig. 2). Median duration of
procedure was 6.0 min (range, 4-12 min; mean=SD,
6.36=1.64 min) (Table 3).

Complications during procedure

Minor complications occurred during the proce-
dure in 165 of 420 patients (39.3%; 95% confidence
interval [CI], 34.5-43.8). The most common compli-
cation was increased oral secretion (139 patients,
33.1%). However, oral secretion was not so severe as
to terminate the procedure in any patient. Respira-
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Flushing/urticeria (n=28, 6.8%)

1 )

Tachycardia (n=56, 13.3%)

Respiratory complications (n=55, 13.1%)

Increased oral secretion (n=139, 33.1%)

10 20 30 40
Complications (%)

o 4

Fig. 3. Frequency of complications during the procedure.

tory complications were seen in 55 patients (13.1%);
18 patients (4.3%) had hypoxia and 37 patients
(8.8%) had transient cough attack. Fifty-six patients
(13.3%) had mild tachycardia during the procedure.
Flushing was observed in 27 patients (6.4%), urti-
cariain 1 (0.2%) and hiccupping in 1 (0.2%) patient
(Fig. 3). No major complications such as apnea, bra-
dycardia or cardiac arrest were observed in any
patient. Saturation was corrected with the admin-
istration of additional oxygen (4-6 L/min by nasal
cannula) in 15 (83.3%) of the 18 patients developing
hypoxia.

The procedure was terminated in three patients in
whom saturation did not improve and additionally
in three exhibiting agitation during the procedure (6
patients, 1.4%). Saturation was improved by repo-
sitioning the airway and with additional oxygen
support. No intubation or transfer to intensive care
was required in any patient. An 11-year-old girl who
developed urticaria was given antihistaminics dur-
ing the procedure. The urticaria improved, and the
procedure was concluded successfully, albeit with
difficulty (RSS was 1).

There was no difference between the patients with
or without complications in terms of gender or
length of procedure. Age and RSS of patients with
complications during the procedure were lower than
the others (9.49+4.05 years vs. 11.61+3.43 years,
p=0.002 and 2.10£1.46 vs. 4.37x1.16, p=0.001).
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Emergence reactions [{(n=5, 1.2%)

Paresthesia |(n=1, 0.2%)

Headache | |(n=9,2.2%)
Emesis (n=17, 4.1%)
Recovery agitation (n=86, 20.8%)
Vertigo (n=120, 29.0%)

Double vision (n=127, 30.7%)

Complications (%)

Fig. 4. Frequency of complications during the recovery.

Post-procedural complications

Totally, endoscopic procedure was successfully
completed in 414 patients (97.4%; 95% CI, 95.8-98.9)
(the procedure could not be initiated in 1.1% of pa-
tients due to failure to establish sufficient sedation,
while the procedure was terminated in 1.4%). Mean
recovery time was 22 min (range, 10-90 min;
mean=SD, 25.00=12.32 min) (Table 3). Complica-
tions developed during recovery in 249 of the 414 pa-
tients (60.1%; 95% CI, 55.3-64.8). The most common
complication was double vision (n=127, 30.7%).
Vertigo was observed in 120 patients (29.0%), recov-
ery agitation in 86 patients (20.8%), emesis in 17 pa-
tients (4.1%), headache in 9 patients (2.2%) and par-
esthesia 1 patient (0.2%) (Fig. 4). There was no mo-
tor loss in the 11-year-old female patient with par-
esthesia in the hands and feet, and deep tendon re-
flexes were observed. The patient was monitored and
the paresthesia resolved within 4 h. There was no dif-
ference in terms of gender, age and duration of pro-
cedure between the patients with complication dur-
ing recovery and those without. However, RSS was
lower in patients developing complications during
recovery (mean=SD, 3.40+1.76 vs. 3.59+1.61; p=
0.002).

Emergence reaction was observed in 5 patients
(1.2%; 95% CI, 0.15-2.2). All emerge reactions were
observed in the hospital during the recovery and all
the patients were seen by the anesthetists. Two had
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nightmares and others had noisy and pointless hal-
lucinations. All were given intravenous midazolam.
Patients were discharged from the endoscopy unit
within two hours. Parents were recalled by the tele-
phone one day after and all had uneventful sleeping.

DISCUSSION

In this study, we found that the success rate of en-
doscopy with low-dose midazolam and ketamine
combination was 97.4%. Minor complications dur-
ing the procedure were seen in 39.2% of the patients,
and no major complication was seen. Minor compli-
cations rate during the recoverywere 60.1%, while
emergence reactions were seen in 0.9% of cases. Our
study shows that low dose midazolam and ketamine
combination is a suitable sedation protocol for pedia-
tric endoscopists in UGIE.

Since the majority of previous studies have been
retrospective and employed different methods and
drugs, their success and complication rates were dif-
fer from ours. Miqgdady et al. [19] used 0.01-0.02
mg/kg intravenously atropine, a mean 0.16 mg/kg
(0.07-0.39 mg/kg) intravenously midazolam and 1.06
mg/kg (0.31-2.67 mg/kg) intravenously ketamine
and reported an endoscopy success rate of 97.7%.
Gilger et al. [9] reported an insufficient sedation lev-
el of 3.1% using 0.05-0.2 mg/kg intravenously mid-
azolam and 0.75-2.0 mg/kg intravenously ketamine.
Motamed et al. [11] determined an insufficient se-
dation level of 3.9% when they administered a mean
0.13 mg/kg intravenously midazolam and 5 mg/kg
oral ketamine. Brecelj et al. [20] showed that the ini-
tial ketamine dose should be 1-1.5 mg/kg, and that
the drug is not sufficiently effective at lower doses.
Although we used low dose ketamine and mid-
azolam, our procedural success rates were similar
with previous studies.

We used to lower dose ketamine due to decrease
complications. So the major complication were not
observed in our study in contrast to Migdady et al.’s
[19] and Motamed et al.’s [11] study. However the
rate of minor complications during the procedure
and recovery were high in our study compared to

previous studies. Because our study was prospective
and reported all of the complications. All of the com-
plications were managed successfully; the produce
was completed in the majority of the patients. On the
other hand, if only major complications were consid-
ered, complication rate was zero in our study.

The most common complication during the proce-
dure was increased oral secretion (33.1%). Increased
oral secretions may cause upper respiratory tract
problems and laryngospasm especially in orophar-
yngeal procedures. Anticholinergics were commonly
used to mitigate the side effect of hypersalivation
(65%), but it was not recommended in meta-analysis
due to increased risk of ketamine-related airway and
respiratory adverse events. In a recent study, Chong
et al. [21] showed that prophylactic atropine did not
decrease the frequency of hypersalivation in children
given ketamine sedation. The routine use of atropine
for the upper endoscopy did not recommended in
previous studies [22]. We did not use anticholinergic
in our study, because co-administration of atropine
with ketamine and midazolam combination may in-
crease the risk of medication errors and takes up
more time before the sedation. Additionally; hyper-
salivation was not so severe as to terminate the pro-
cedure in any patient in our study. In our opinion;
anticholinergics may be used with the sedation in
neurology impaired patients or may be used for the
treatment of patients with massive hypersalivation
during the procedure.

Studies have reported a mean prevalence of ket-
amine-related airway and respiratory difficulties of
3.9% [23]. Administration of rapid and high dose
ketamine intravenously (initial dose >2.5 mg/kg or
total dose >5 mg/kg), age of <2 years and =13
years old and use of co-administered anticholinergics
and benzodiazepines are increased the risk of respi-
ratory complications. The most common respiratory
complications are upper airway obstruction (hypo-
ventilation, or oxygen desaturation that resolved
with repositioning of the airway), apnea (0.8%), per-
sistent abnormal oxygen saturation and laryngospasm
(0.3%). In our study, we did not observe laryngospasm
or apnea in any patient. A decrease in oxygen satu-
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ration was observed in 4.2% of the patients and most
of them improved with the administration of addi-
tional oxygen. Our study showed that respiratory
complications with low dose ketamine and mid-
azolam combination are rare and transient in chil-
dren despite oropharyngeal procedure.

Although the ketamine dosage was lower than
that previous studies and was co-administered with
midazolam in our study, the level of complications
during recovery were high [9,20,24]. The most com-
mon complication during the recovery was transient
double vision (30.7%). It was reported 27.8% (5 of
the 18 children) in a group of children who received
ketamine and midazolam sedation with spinal anes-
thesia for orthopedic surgery [25]. As in double vi-
sion, recovery agitation was high in our study group
(20.8%). It was reported 7.6% in previous studies. We
found that complications during the recovery were
higher in patients with low periprocedural RSS.
Patients may exhibit greater recovery agitation or re-
action to verbal and visual stimuli due to periproce-
dural pain associated with insufficient sedation. In
meta-analysis, recovery reactions were found to be
associated with especially subdissociative ( <3 mg/kg
intramuscular) dosing (odds ratio [OR], 2.9). Other
factors were unusual high intravenous dose (OR,
2.1) and procedures other than oropharyngeal proce-
dure (OR, 2.2) [23].

Emergence reactions during recovery are important
ketamine-related side-effects. Although emergence
reactions are seen at levels up to 30% in adults, a level
of 1.4% in children has been reported in meta-analy-
ses [23]. It was seen in 1.2% in our study. They are
particularly common when ketamine is used alone,
when given in high doses, when administered quick-
ly (<1 min) or in the presence of excessive visual
and verbal stimuli during recovery [9,11]. Fewer
emergence reactions could be achieved with the oral
administration of midazolam 30 min before ket-
amine or intravenous administration 15 min before
ketamine [20]. It is unclear whether lower ketamine
doses reduce the incidence or severity of emergence
reactions. As recovery reaction, it may be more fre-
quent with the lower dose due to incomplete efface-
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ment of external stimuli.

In conclusion, the procedure was completed with
high level of success without any major complication
in our study, despite the use of ketamine at the low
dose of 0.5 mg/kg. Combination with low-dose mid-
azolam and ketamine can be one of the effective and
safe sedation protocols without major complication
for UGIE in children. Further studies are needed to
analyze efficiency of this sedation protocol in small
infants and urgent procedures.
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