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Abstract

BACKGROUND

Midazolam is commonly used for sedation during gastrointestinal procedures.
However, some patients experience paradoxical reactions characterized by
excessive movement or excitement.

AIM
To investigate the rate of recurrence of paradoxical reactions to midazolam during
an upper endoscopy.

METHODS

We retrospectively reviewed 122152 sedative endoscopies among a total of 58553
patients at the Seoul National University Hospital, Healthcare System Gangnam
Center, from July 2013 to December 2018. Among them, 361 patients with a
history of paradoxical reaction during sedative upper endoscopy were enrolled.
The characteristics of patients in the recurrent and non-recurrent groups were
compared via multivariable analysis using logistic regression.

RESULTS

Paradoxical reactions occurred in 0.86% (1054/122152) of endoscopies, and in
1.51% (888/58553) of patients. Among the 361 subjects with previous paradoxical
reactions in sedative endoscopies, 111 (30.7%) experienced further paradoxical
reactions. Univariable analysis revealed that the total midazolam dose used was
higher in the recurrent group (6.74 £ 2.58 mg) than in the non-recurrent group
(5.49 + 2.04 mg; P < 0.0001). Patients were administered a lower dose of
midazolam than previous doses: 1 mg less in the recurrent group and 2 mg less in
the non-recurrent group. Multivariable analysis showed that the midazolam dose
difference was an independent risk factor for recurrent paradoxical reaction (odds
ratio: 1.213, 95%CI: 1.099-1.338, P = 0.0001).
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CONCLUSION

The rate of recurrence of paradoxical reactions is significantly associated with
midazolam dosage. The dose of midazolam administered to patients with
previous paradoxical reactions should be less than that previously used.

Key Words: Gastroscopy; Endoscopy; Conscious sedation; Midazolam; Flumazenil

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A paradoxical reaction refers to an unexpectedly increased excitement and
excessive movement, as opposed to the anxiolytic or sedative effect of midazolam.
This is the first study to investigate the recurrence rate of paradoxical reactions to
midazolam during upper endoscopy under sedation. We report that the rate of
recurrence of paradoxical reactions is significantly associated with the dose of
midazolam administered. To avoid the recurrence of such reactions, we recommend
reducing the total dose of midazolam administered to patients with previous
paradoxical reactions by > 2 mg compared to the dose previously used.

Citation: Jin EH, Song JH, Lee J, Bae JH, Chung SJ. Midazolam dose is associated with
recurrence of paradoxical reactions during endoscopy. World J Clin Cases 2021; 9(29): 8763-
8772

URL: https://www.wjgnet.com/2307-8960/full/v9/i29/8 763 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i29.8763

INTRODUCTION

Sedation is provided during gastrointestinal endoscopy to relieve anxiety and
discomfort, improve patient cooperation and satisfaction, and increase repeat
endoscopy compliance[1,2]. Although a number of sedatives are available, midazolam
is one of the most commonly used sedatives for gastrointestinal endoscopy because of
its rapid onset, short duration of action, and potent amnestic properties[3]. The use of
propofol has recently increased as its action and recovery is quicker than that
associated with midazolam, although adverse respiratory or cardiovascular events
often occur and propofol-induced sedation cannot be reversed[4]. With regard to
safety, midazolam remains the best sedative for upper endoscopy as the specific
benzodiazepine receptor antagonist flumazenil can be used to reverse any midazolam-
associated adverse effects[5].

Unfortunately, some patients who receive midazolam may experience unexpectedly
increased excitement and excessive movement. This is known as a “paradoxical
reaction” because the effect is opposite to that commonly associated with sedatives
and anxiolytics[6]. Paradoxical reactions are characterized by increased loquacity,
emotional release, excitement, excessive movement, and even hostility[7]. Patients
with severe paradoxical reactions may become dangerous to themselves and the
endoscopy team, and the procedure may be interrupted. The incidence of paradoxical
reactions to midazolam vary greatly among different reports, ranging from 1% to 24%
[8]. In addition, the pathophysiological mechanism of paradoxical reactions remains
unclear, although several predisposing risk factors are suggested, including age,
gender, history of alcohol consumption, genetic predisposition, previous unsuccessful
sedation, previous upper endoscopy, and high midazolam dose used[6-8].

In our experience, paradoxical reactions to intravenous midazolam are occasionally
observed clinically but have rarely been reported in the literature. Furthermore, the
recurrence rate and risk factors associated with recurrent paradoxical reactions are
unknown. Doctors treating patients with a history of paradoxical reactions to
midazolam may be concerned about the use of sedatives during endoscopic
procedures. In this study, we aimed to elucidate the recurrence rate of paradoxical
reactions to midazolam in adults undergoing upper endoscopy. Furthermore, we
evaluated the risk factors associated with recurrent paradoxical reactions.
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MATERIALS AND METHODS
Study population

We retrospectively reviewed 122152 cases of sedative endoscopy at the Seoul National
University Hospital, Healthcare System Gangnam Center, from July 2013 to December
2018. We identified 1054 cases (888 subjects) of paradoxical reactions to midazolam
during sedative endoscopy. Exclusion criteria were as follows: No follow-up
endoscopy (1 = 207), follow-up endoscopy without sedation (1 = 155), and paradoxical
reaction during colonoscopy only (n = 165). Finally, a total of 361 subjects with a
history of paradoxical reaction during sedative upper endoscopy were enrolled in this
study (Figure 1). All participants underwent endoscopy as a routine health check-up
and completed self-reported questionnaires describing comorbidities (diabetes
mellitus, hypertension, and hyperlipidemia), medication use (antidepressants,
anxiolytics, and hypnotics), smoking status (never, ex-, or current smoker), alcohol
consumption (none to minimal, < 70 g/wk; moderate, 70-279 g/wk; or heavy, > 280
g/wk). This study protocol conformed with the ethical guidelines of the 1975
Declaration of Helsinki and its subsequent revisions and was approved by the relevant
institutional review board (No. H-1710-023-890).

Endoscopy and procedural sedation

All upper gastrointestinal endoscopies were carried out using a conventional white-
light video endoscope (GIF-H260 or H290 series endoscopes, Olympus Optical Co.,
Ltd., Tokyo, Japan) by one of 16 board-certified gastroenterologists. Clinicians were
divided into three groups based on their level of endoscopic experience: Highly expert
(> 15 years of experience), expert (10-15 years), and less experienced (< 10 years). All
participants received midazolam under supervision after topical anesthesia using a
pharyngeal spray containing lidocaine. The initial dose of midazolam was 2.0-3.0 mg
and was administered slowly intravenously and titrated with additional 0.5-1.0 mg
midazolam every 2 min until adequate sedation was achieved. Smaller doses may be
used in elderly patients. The target level of sedation for upper endoscopy is moderate
sedation, during which patients should be able to make purposeful responses to verbal
or tactile stimulation. A trained registered nurse monitored the patient’s blood
pressure, heart rate, pulse oximetry, and ventilator status during the procedure, and
recorded the midazolam dose used (initial and additional dose), sedation level. Both
attending physicians and nurses judged the presence or absence of paradoxical
reactions after the procedure. If a subject displayed a paradoxical reaction, the severity,
number of assistants required, and flumazenil administration were recorded in the
“paradoxical reaction report.”

Definition

A paradoxical reaction was defined as unexpected behavior after midazolam injection
with at least one of the actions described here. Furthermore, we categorized the
severity of paradoxical reactions using modified cooperation scores[9]: (1) Mild:
Increased talkativeness, irrational talking, or brief spontaneous movement while
remaining in position; (2) Moderate: restlessness, loss of cooperation, or spontaneous
movements requiring repositioning without need of restraint; and (3) Severe: agitation
and hostile movements requiring restraint by three or more assistants. Moderate and
severe paradoxical reactions were recorded in the “paradoxical reaction report.” In
cases of severe paradoxical reactions that compromised the safety of the procedure, the
attending endoscopist administered flumazenil.

Statistical analysis

All participants showed previous paradoxical reactions to midazolam during upper
endoscopy. We calculated the midazolam dose difference by subtracting the dose of
midazolam administered during the previous procedure from that administered
during the current procedure: A midazolam dose difference = current midazolam dose
(mg) - previous midazolam dose (mg). Categorical data analysis was conducted using
a chi-square test or Fisher’s exact test, and continuous data were analyzed using
Student’s t-test or Mann-Whitney U test. Multivariable analysis by logistic regression
was performed to identify independent predictors of recurrent paradoxical reactions
to midazolam during upper endoscopy. P values < 0.05 were considered to indicate
statistical significance. All calculations were performed using R software version 3.6.3
(R Project for Statistical Computing, Vienna, Austria).
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July 2013 to December 2018

in 58553 participants

122152 endoscopies under midazolam sedation

1054 paradoxical reactions occurred
in 888 participants

No follow-up endoscopy (7 = 207)
Follow-up endoscopy without sedation (7 = 155)
Paradoxical reaction during among colonoscopy (7 = 165)

361 participants enrolled
who experienced paradoxical reaction
in upper endoscopy

Figure 1 Flow chart showing the enroliment process of this study.
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RESULTS

Incidence and recurrence rates of paradoxical reactions

We performed a total of 122152 gastrointestinal endoscopies under sedation using
midazolam in 58553 participants [49.4 + 11.6 years, male: 29915 (51.1%), female: 28628
(48.9%)]. Paradoxical reactions occurred in 1054 cases and in 888 participants [53.2 +
9.7 years, male: 480 (60.5%), female: 314 (39.5%)]. The overall incidence of paradoxical
reaction was 0.86% (1054/122152 endoscopic cases), occurring in 1.51% of patients
(888/58553). Among the 361 subjects with a history of paradoxical reactions in
sedative upper endoscopy, 111 subjects experienced recurring paradoxical reactions
during follow-up upper endoscopy under sedation. Therefore, the recurrence rate for
paradoxical reactions was 30.7% (111/361). No subjects showed bradycardia,
hypotension, or hypoxemia during sedation.

Severity of paradoxical reactions and flumazenil administration

In the recurrent group, 31 patients (27.9%) showed moderate paradoxical reactions,
demonstrating excessive movement requiring repositioning, and 80 (72.1%) showed
severe paradoxical reactions, with agitation and hostile movement requiring restraint
by three or more assistants. Flumazenil was administrated to 26 subjects when the
attending endoscopist decided that the paradoxical reaction severely limited the
performance of the endoscopy. After flumazenil administration, upper endoscopies
were successfully completed in 88.5% of cases (23/26). The procedure could not be
completed in three cases as the participants refused to undergo further endoscopy
after awaking from flumazenil sedation.

Risk factor for recurrence of paradoxical reaction

The baseline characteristics of patients in the non-recurrent and recurrent groups are
summarized in Table 1. Age, sex, body mass index, smoking status, alcohol
consumption, and underlying disease were not significantly different between the two
groups. Table 2 presents the results of a univariate analysis of procedure-related
factors for recurrent paradoxical reactions. The initial doses administered did not
differ between the recurrent and non-recurrent groups. The total midazolam dose was
higher in the recurrent group (6.74 £ 2.58 mg) than in the non-recurrent group (5.49 £
2.04 mg, P < 0.0001). Compared to that in the previous study, the non-recurrent group
received a median 2 mg reduced dose of midazolam and the recurrent group received
a median 1 mg reduced dose (P < 0.0001). In a multivariable analysis, this midazolam
dose difference was an independent risk factor for recurrent paradoxical reactions
(odds ratio: 1.213, 95%CI: 1.099-1.338, P = 0.0001; Table 3, Figure 2).

DISCUSSION

In this study, we investigated the recurrence rate of paradoxical reactions occurring

WJCC | https://www.wjgnet.com 8766 October 16,2021 | Volume9 | Issue29 |



Jin EH et al. Paradoxical reaction during midazolam sedation

Table 1 Baseline characteristics of enrolled participants (n = 361)

Non-recurrent group (n = 250), n (%) Recurrent group (n = 111), n (%) P value

Age (mean * SD) 49.57 £9.22 51.15 £ 9.67 0.1395
Sex, male 165 (66) 67 (60.36) 0.3022
BMI (kg/m?) (mean + SD) 23.74+33 24.3+3.69 0.1552
Smoking 0.8010
Never 82 (40.39) 33 (37.93)

Ex-smoker 68 (33.5) 28 (32.18)

Current smoker 53 (26.11) 26 (29.89)

Alcohol consumption 0.9465
None to minimal (< 70 g/wk) 120 (51.28) 51 (52.58)

Moderate (70-279 g/wk) 82 (35.04) 34 (35.05)

Heavy (> 280 g/wk) 32 (13.68) 12 (12.37)

Medication’ 8 (3.4) 3(3.09) 1.000
HTN (Yes) 54 (21.6) 30 (27.03) 0.2601
DM (Yes) 19 (7.6) 6 (5.41) 0.4485
Hyperlipidemia 56 (22.4) 29 (26.13) 0.4413

Medication: Antidepressants, anxiolytics, or hypnotics. SD: Standard deviation; BMI: Body mass index; HTN: Hypertension; DM: Diabetes mellitus.

during upper endoscopy under midazolam sedation and showed that a high dose of
midazolam was a risk factor for recurrent paradoxical reactions. Paradoxical reactions
recurred in 30.7% of participants who had previously experienced paradoxical
reactions to midazolam during upper endoscopy. Our study showed that the
incidence of paradoxical reactions was higher in participants who had previously
experienced paradoxical reaction than in 1.51% of the general population. Thus,
sedatives should be used with care in patients with previous paradoxical reactions to
midazolam.

To the best of our knowledge, this is the first study to investigate the recurrence rate
of paradoxical reactions to midazolam during upper endoscopy under sedation. In
Korea, upper endoscopy is recommended biennially for gastric cancer prevention in
subjects aged > 40 years because of the high prevalence of gastric cancer. Therefore,
many individuals have visited our health check-up center for repeated upper
endoscopies annually or biennially according to their risk stratification for gastric
cancer. By reviewing sedative endoscopy records and paradoxical reaction reports
accumulated over 6 years, we evaluated the incidence of paradoxical reactions to
midazolam as well as the recurrence rate in patients having undergone multiple
endoscopies. The overall incidence reported here is 1.51% in the general population,
which is similar to that reported in a previous study conducted in Korea (59/4140
patients, 1.4%)[8]. However, previous studies have reported very different incidence
rates, ranging from 1% to 24%[10,11]. Because paradoxical reactions are mostly
uncharacteristic, no defining diagnostic criteria have been established. Diagnosis
therefore usually relies on the clinician’s subjective judgment. This leads to important
differences in the reported incidence of paradoxical reactions defined by detailed
behaviors. In our study, both attending physicians and nurses judged the occurrence
of paradoxical reactions according to modified cooperation scores to compensate for
ambiguous diagnostic limitations.

Our study showed that the total dose of midazolam administered was higher in the
recurrent group (6.74 + 2.58 mg) than in the non-recurrent group (5.49 * 2.04 mg).
However, during the previous sedative endoscopy in which all participants showed
paradoxical reactions, there was no significant difference in the total dose of
midazolam administered in the recurrent (7.4 + 2.37 mg) and non-recurrent groups
(7.43 £ 2.79 mg). Compared to the previous endoscopy, patients in both groups were
administered a lower dose of midazolam. The median dose difference was 2 mg in the
non-recurrent group and 1 mg in the recurrent group. In the multivariable analysis,
this midazolam dose difference was significantly associated with recurrent paradoxical
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Table 2 Univariable analysis of procedure-related factors for recurrent paradoxical reactions

Non-recurrent group (n = 250) Recurrent group (n = 111) Pvalue
Endoscope type, 1 (%) 0.0765
H260 157 (62.8) 59 (53.64)
H290 90 (36) 51 (46.36)
Endoscopist experience, 1 (%) 0.4251
Less experienced 75 (30) 41 (36.94)
Expert 106 (42.4) 43 (38.74)
Highly expert 69 (27.6) 27 (24.32)
Midazolam dose (mean + SD)
Initial (mg) 398+1 419+1.16 0.1804
Initial (mg/kg) 0.06 +0.02 0.06 +0.02 0.4070
Total (mg) 549 +£2.04 6.74 £2.58 <0.0001
Total (mg/kg) 0.08 £ 0.04 0.1+0.04 <0.0001

Midazolam dose administered in previous endoscopy’ (mean + SD)

Initial (mg) 3.78 £0.95 3.84+1.04 07277
Initial (mg/kg) 0.06 +0.02 0.06 +0.02 0.8448
Total (mg) 7.43+2.79 7.4+237 0.6087
Total (mg/kg) 0.11 +0.05 011 +0.04 0.4360

A Midazolam dose difference (total) (mg)

Median value (quartile 25%, 75%) -2(-3,0) -1(-2,1) <0.0001

All participants showed paradoxical responses to midazolam in previous endoscopies. A Midazolam dose difference = midazolam dose (mg) - previous
midazolam dose (mg). Endoscopist experience was defined as: Less experienced, < 10 years (n = 14); expert, 10-15 years (n = 9); highly expert, > 15 years (n
=7). SD: Standard deviation.

reactions. It has been suggested that recurrent paradoxical reactions to midazolam are
dose-dependent. Similar to that reported here, previous studies reported that a higher
dose of midazolam was an independent risk factor for paradoxical reactions[6,8].
Additionally, our study also showed that recurrent paradoxical reactions were dose-
dependent. Therefore, the use of a lower dose of midazolam may help to reduce the
recurrence of paradoxical reaction.

The mechanism of paradoxical reaction to midazolam is not yet fully understood.
Several factors including age, gender, history of alcohol consumption, dose adminis-
trated, underlying emotional and psychiatric disorders, and genetic predisposition are
thought to increase the risk of paradoxical reaction[6,8,12,13]. Notably, one study
reported that identical twin men experienced similar paradoxical reactions[14].
Recently, Park et al[15] reported that genetic polymorphism of the multidrug resistance 1
gene was associated with plasma midazolam concentration and sedation grade after
midazolam administration. These reports supported the genetic predisposition of
paradoxical reactions.

Midazolam is known to act via gamma-amino-butyric acid (GABA), one of the main
inhibitory neurotransmitters in the central nervous system[16]. Midazolam binds to
GABA, receptors, increasing the influx of chloride ions into neurons and inhibiting
depolarization, resulting in sedation[13]. Some patients may have genetic variability in
the benzodiazepine-GABA-chloride receptor associated with multiple allelic forms,
and thus experience an abnormal pharmacodynamic response[7,15]. Additionally, our
study showed a high recurrence rate in participants with a history of paradoxical
reactions, and it is suggested that this reaction may be related to genetic predisposing
factors. Therefore, large-scale studies investigating various genetic factors are needed
to elucidate the mechanism of paradoxical reactions.

Flumazenil is a selective GABA, receptor antagonist that acts as an antidote to
benzodiazepines via competitive inhibition, particularly in cases of overdose[5].
Previous studies have reported the use of flumazenil to manage paradoxical reactions
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Table 3 Multivariable analysis of risk factors for recurrent paradoxical reactions in 350 participants

OR 95%Cl P value'
Age 1.005 0.978 1.034 0.7025
Female gender (vs male) 1.521 0.731 3.164 0.262
BMI 1.072 0.992 1.158 0.0797
Smoking
Ex-smoker (vs never smoker) 1.07 0.484 2.366 0.8673
Current smoker (vs never smoker) 1.311 0.572 3.007 0.522
Alcohol
Moderate (vs none to minimal) 1.283 0.683 2.409 0.438
Heavy (vs none to minimal) 0.925 0.413 2.075 0.8504
Medication”: Yes (vs no) 1.055 0.242 4.598 0.9436
Endoscope type: H260 (vs H290) 1.405 0.854 2.312 0.1808
Endoscopist experience
Expert (vs less experienced) 0.712 0.403 1.256 0.2407
Highly expert (vs less experienced) 0.822 0.434 1.557 0.5477
A Midazolam dose difference (total) (mg) 1.213 1.099 1.338 0.0001

lAcljusted for age, sex, body mass index, smoking, alcohol, medication, endoscope type, and endoscopist’s experience.
"Medication: Antidepressants, anxiolytics, or hypnotics. A Midazolam dose difference = midazolam dose (mg) - previous midazolam dose (mg). OR: Odds

ratio; CI: Confidence interval; BMI: Body mass index.
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Figure 2 In a multivariable analysis, this midazolam dose difference was an independent risk factor for recurrent paradoxical reactions.

to midazolam[7,17]. In one study, procedures were successfully completed in 93.3% of
cases among patients receiving flumazenil for paradoxical reactions[8]. Similarly, in
our study, endoscopy was successfully completed in 23/26 participants (88.0%) who
received flumazenil for recurring paradoxical reactions. Because paradoxical reactions
are usually unpredictable, physicians should be prepared for prompt management
with flumazenil.

Moderate sedation is recommend for routine endoscopy to achieve adequate
anxiolysis, high satisfaction in both physicians and patients, and low risk of serious
adverse events[18]. Although we aim for moderate sedation during endoscopy, many
patients may achieve a lighter or deeper sedation level. Inadequate sedation may
therefore be mistaken for a paradoxical reaction, and it is necessary to identify
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excessive behavior caused by pain or discomfort, and to check the state of con-
sciousness. Nevertheless, it may be difficult to distinguish between paradoxical
reactions and insufficient sedation. In our study, 20 participants in the recurrent group
were administered an additional dose of midazolam after a suspected paradoxical
reaction occurred, which may have worsened the paradoxical reaction. In ambiguous
cases, adjunctive medications such as opiates, diphenhydramines, or droperidol,
which potentiate the sedative effects of midazolam via non-GABAergic pathways, may
be more beneficial than additional midazolam[3]. Recently, the use of diphenhyd-
ramine was shown to improve the quality of sedation without increasing the risk of
adverse events[19].

This study has several limitations. First, this retrospective study might have
selection bias as only 361/888 enrolled participants had a history of paradoxical
reaction. We only evaluated risk factors for recurrent paradoxical reactions in upper
endoscopy, excluding colonoscopy. Second, there is the possibility of a confounding
bias owing to the retrospective nature of the study; however, we adjusted for potential
confounders including age, sex, and alcohol consumption. Third, we classified the
severity of paradoxical reactions as mild, moderate, or severe. However, the
“paradoxical reaction report” only recorded moderate or severe cases. Therefore, the
incidence of recurrent paradoxical reactions may have been underestimated as mild
cases were not reported in this study. In addition, 17.4% of participants (155/888) were
excluded because they underwent follow up endoscopy without sedation. This may
also affect the recurrence rate of paradoxical reaction, allowing them to be underes-
timated. Fourth, we investigated lifestyle risk factors such as drinking and smoking via
self-reported questionnaires, which may be subject to recall bias.

CONCLUSION

In conclusion, paradoxical reactions recurred in 30.7% of participants who experienced
a paradoxical reaction to midazolam during a previous upper endoscopy.
Multivariable analysis revealed that administration of a high dose of midazolam was a
risk factor for recurrent paradoxical reactions. Therefore, sedatives should be used
with caution in patients with previous paradoxical reactions to midazolam.
Considering the high recurrence rate, it may be best to perform endoscopy without
sedation. However, if the patient refuses or is anxious about the examination, the total
dose of midazolam should be reduced by > 2 mg compared to that administered
previously. Because paradoxical reactions are usually unpredictable, physicians
should be prepared for prompt management with flumazenil. Finally, large-scale
prospective studies investigating genetic factors among others are needed to elucidate
the mechanism of paradoxical reactions.

ARTICLE HIGHLIGHTS

Research background
Some patients experience paradoxical reactions characterized by excessive movement
or excitement during midazolam sedation.

Research motivation

Because paradoxical reactions of midazolam are specific to an individual, they are
likely to recur on the next endoscopy. However, there are only a few studies on the
recurrence of paradoxical reactions.

Research objectives

We investigated the recurrence rate and risk factors associated with recurrent
paradoxical reactions. Our findings may be helpful when patients with a history of
paradoxical reactions undergo endoscopy under sedation again.

Research methods

We enrolled 361 patients with a history of paradoxical reactions during a sedative
upper endoscopy. At a follow-up examination, patients with recurrent paradoxical
reactions (recurrent group) and those without recurrence (non-recurrent group) were
compared.
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Research results
We report, for the first time, that the rate of recurrence of paradoxical reactions is
significantly associated with the dose of midazolam administered.

Research conclusions

To avoid the recurrence of such reactions, we recommend reducing the total dose of
midazolam administered to patients with previous paradoxical reactions by 2 2 mg
compared to the dose previously used.

Research perspectives
Large-scale prospective studies investigating genetic factors are needed to elucidate
the mechanisms of paradoxical reactions.
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