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INTRODUCTION

Midazolam, a short-acting hypnotic-sedative benzodiaz-

epine, is relatively safe for endoscopic sedation and is widely 
used in gastrointestinal (GI) endoscopy facilities. Paradoxical 
reactions are well-known adverse effects following midazolam 
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Background/Aims: The efficacy of propofol in gastrointestinal endoscopy for patients with midazolam-induced paradoxical 
reactions remains unclarified. This study aimed to compare the efficacy and safety of propofol-based sedation in patients who 
previously experienced paradoxical reactions.
Methods: This was a prospective, single-blinded, randomized controlled pilot study. Participants with a history of paradoxical reactions to 
midazolam during a previous esophagogastroduodenoscopy were recruited and randomly assigned to group I (propofol monosedation) 
or group II (combination of propofol and midazolam). The primary endpoint was the occurrence of a paradoxical reaction.
Results: A total of 30 participants (mean age, 54.7±12.6 years; male, 19/30) were randomly assigned to group I (n=16) or group II 
(n=14). There were no paradoxical reactions in group I, but there were two in group II, without a significant difference (p=0.209). 
The mean dose of propofol was higher in group I than in group II (p=0.002). Meanwhile, the procedure and recovery times did not 
differ between groups.
Conclusions: Propofol-based sedation was safe and effective for patients who experienced paradoxical reactions to midazolam. 
However, caution is needed because few cases of paradoxical reaction again can happen in group II in which midazolam was 
readministered.  Clin Endosc 2022;55:234-239
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administration.1 Since paradoxical reactions cause excessive 
excitement, anxiety, and violent behavior, they lead to safety 
and quality issues during endoscopic procedures. According 
to current guidelines, safety is regarded as a key performance 
measure for improving GI endoscopy quality.2,3 Accordingly, a 
dose reduction in midazolam with opioid analgesics has been 
positively considered for paradoxical reactions.4,5 Additionally, 
the administration of flumazenil, an antidote for midazolam, 
can completely and effectively reverse midazolam-induced 
paradoxical reactions.6,7 However, flumazenil may induce 
withdrawal symptoms, such as confusion and agitation, in pa-
tients with benzodiazepine dependence.8

Propofol is a short-acting anesthetic, which can be used for 
procedural sedation. It has an onset of action of less than one 
minute and a short duration of three to 10 minutes. The en-
doscopist-directed administration of propofol has been shown 
to have a low risk of serious complications and is cost-effec-
tive.9,10 Balanced propofol sedation (BPS), which targets mod-
erate sedation using propofol in combination with opiates and 
benzodiazepines, has better patient satisfaction than standard 
sedation with midazolam plus opiates during endoscopy.11 
Moreover, propofol monosedation resulted in faster recov-
ery and less time in the endoscopy unit than BPS for both 
esophagogastroduodenoscopy (EGD) and colonoscopy proce-
dures.12 Additionally, propofol-based endoscopic sedation has 
proven its effectiveness and safety for pediatric and therapeutic 
endoscopy.13,14 However, the efficacy of propofol as a sedative 
drug in patients with midazolam-induced paradoxical reac-
tions during endoscopy has yet to be clarified. Given that pa-
tients administered with propofol have lesser discomfort, need 
for adjustment, and memory of the procedure compared with 
midazolam,12 the positive effects of propofol use are expected 
in patients with paradoxical reactions who frequently show 
anxiety and restlessness. This pilot study aimed to evaluate the 
outcome of propofol-based sedation in patients who experi-
enced paradoxical reactions to midazolam and compare the 
safety of propofol monosedation and propofol in combination 
with midazolam (BPS) during sedative EGD. 

METHODS

Study design and participants
This was a prospective, single-blinded, randomized con-

trolled study conducted at Dongguk University Ilsan Hospital, 
Incheon St. Mary’s Hospital, and Yeungnam University Hospi-
tal in South Korea. Subjects who experienced a paradoxical re-
action to midazolam on a previous EGD and were planning to 
undergo EGD were eligible for the study. Paradoxical reactions 
were defined as increased talkativeness, emotional release, 

excitement, excessive movement, hostility, and rage, during 
and after the procedures,6 and were reported as adverse drug 
reactions. We reviewed their endoscopic reports at the time for 
patients who had previously reported adverse drug reactions 
to midazolam. The following subjects were excluded in the 
study: younger than 19 years old, with an American Society of 
Anesthesiologists (ASA) class of IV or higher, or preference of 
a non-sedative EGD. The present study was approved by the 
Institutional Review Board of Dongguk University Ilsan Hos-
pital (IRB no. 2018-02-011) and registered at ClinicalTrials.gov 
(identifier NCT04072328). Informed consent was obtained 
from all participants enrolled in the study.

Randomization
The participants who agreed to enroll were randomly as-

signed to group I (propofol monosedation) or group II (BPS, 
combination of propofol and midazolam). Sequentially num-
bered sealed envelopes with computer-generated random 
allocations at a ratio of 1:1 in balanced blocks of four were 
used for the randomization process. An independent hospital 
staff member created random numbers, which were kept in 
sealed envelopes. The investigators were aware of the group 
allocations, but the participants were unaware of their group 
assignments. This was a pilot study with no previous referenc-
es. The sample size was calculated with an alpha error of 0.05 
and a statistical power of 0.8, assuming that paradoxical reac-
tions would occur in approximately 20% of group I and 70% 
of the group II. Finally, the sample size was estimated to be 30 
subjects (15 in each group).

Protocol for sedation and procedure
All participants were instructed to fast overnight and exam-

ined by experienced endoscopists using a video EGD (Olym-
pus GIF-H290 or GIF-H260; Olympus Optical Co., Tokyo, 
Japan). The administered dose of propofol or midazolam was 
determined according to a unified protocol (dose adjusted to 
patient age, weight, and comorbidity).15 For group I, intrave-
nous propofol (Presofol MCT; Fresenius Kabi Austria GmbH, 
Graz, Austria) was administrated at a dose of 0.5 mg/kg, fol-
lowed by 10-20 mg of propofol every 30 seconds based on the 
patient’s sedation level. For group II, intravenous midazolam 
(Midazolam; Bukwang Pharm Co., Seoul, South Korea) was 
administered at a dose of 0.06 mg/kg plus propofol at a dose 
of 10-20 mg, followed by 10-20 mg of propofol every 30 sec-
onds based on the patient’s sedation level. The intended level 
of sedation was moderate sedation (i.e., conscious sedation), 
a condition in which patients respond purposefully to verbal 
commands, either alone or accompanied by light tactile stim-
ulation without the need for interventions to maintain a patent 
airway and cardiovascular function.15,16 For sedation moni-
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toring, blood pressure, respiratory rate, pulse rate, and oxygen 
saturation were checked at least 15 minutes before the proce-
dure. Moreover, we monitored the above four parameters and 
level of consciousness every two minutes during the procedure 
and every 15 minutes during recovery. The modified Aldrete 
score was graded from 0-2 for the following five categories: ox-
ygenation, respiration, circulation, consciousness, and activity. 
A score of ≥  9 out of 10 was the standard for discharge.17

Outcomes
The primary endpoint of this study was the occurrence of a 

paradoxical reaction during the procedure. The following were 
analyzed as secondary outcomes: the dose of sedative drugs, 
adverse events related to sedation, the incompletion rate, the 
endoscopic procedure time, recovery time, and the modified 
Aldrete score. The development of an adverse event was de-
fined as a decrease in oxygen saturation of ≤90% or a ≥20% 
change in systolic blood pressure, respiratory rate, or pulse rate 
compared to the baseline.

Statistical analyses
The objective of this pilot study was to assess the efficacy 

and safety of propofol-based sedation protocols in patients 
with a history of paradoxical reactions. Chi-square or Fisher’s 
exact test was used to compare categorical variables between 
groups. Consequently, the independent sample t-test or the 
Mann-Whitney U test was used to compare continuous vari-
ables such as sedative dose or procedure time. Two-sided P 
values of <0.05 were considered statistically significant. All 

statistical analyses were conducted using SPSS Statistics (ver-
sion 19.0; IBM, Armonk, NY, USA). 

RESULTS

Initially, 40 participants were eligible for the trial. After 
excluding 10 participants, a total of 30 participants were ran-
domly assigned to group I (propofol monosedation, n=16) or 
group II (BPS, n=14) from October 2018 to April 2020 (Fig. 
1). The mean age was 54.7±12.6 years (range, 25-86), while 
the male-to-female ratio was 19:11. There were no significant 
differences in age and sex distribution, body mass index, 
smoking and drinking behaviors, ASA scores, baseline blood 
pressure, and pulse rate between the groups (Table 1). Addi-
tionally, patient comorbidities and endoscopist distributions 
were not different. 

Table 2 shows the results of the main outcome comparisons 
between the two groups. There were no cases of paradoxical 
reactions in group I, but there were two (14.3%) in group II, 
without a significant difference (p =0.209). The mean dose 
of administered midazolam was 3.2±0.8 mg in group II. The 
mean dose of propofol was significantly higher in group I than 
in group II (31.9 ±8.9 vs. 18.2 ±12.3 mg; p =0.002). Mean-
while, the procedure and recovery times were not different be-
tween the groups, but the recovery time was shorter in group I. 
The mean modified Aldrete score was 10.0±0 and 9.7±0.7 in 
groups I and II, respectively (p=0.124).

Fig 1.  Study flow. EGD, esophagogastroduodenoscopy;  IV, intravenous administration. 

Assessed for eligibility (n=40)

Randomization

    Excluded (n=10)
    - Declined to participate (n=9)
    - Non-sedative EGD (n=1)

Group II: propofol in combination
with midazolam (n=14)

Midazolam 0.06 mg/kg IV+propofol 
10–20 mg IV, followed by propofol
10–20 mg every 30 sec if needed

Group I: propofol mono-sedation
(n=16)

Propofol 0.5 mg/kg IV, 
followed by propofol

10–20 mg every 30 sec if needed
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DISCUSSION

This study is the first to evaluate the effect of propofol-based 
sedation on midazolam-induced paradoxical reactions during 

sedative endoscopy. Only two out of 30 patients exhibited a 
paradoxical reaction during the scheduled EGD. There were 
no serious adverse events or incomplete examinations in both 
the propofol monosedation and propofol combined with mid-

Table 2.  Comparison of Outcomes According to Propofol-Based Sedation Protocols

Variables Group Ia)(propofol alone) (n=16) Group IIa)(combination) (n=14) p-value

Paradoxical reaction, n (%) 0 2 (14.3) 0.209

Dose of sedative drugs (mg), mean±SD

  Midazolam 0 3.2±0.8 N/A

  Propofol 31.9±8.9 18.2±12.3 0.002

Procedure time (min), mean±SD 4.4±1.9 3.9±1.3 0.343

Recovery time (min), mean±SD 31.4±18.1 37.9±21.5 0.378

Modified Aldrete score,b) mean±SD 10.0±0.0 9.7±0.7 0.124

Incomplete examination, n (%) 0 0 N/A

Adverse event,c) n (%) 0 0 N/A

N/A, not applicable; SD, standard deviation.
a) Group I (propofol monosedation) and Group II (propofol in combination with midazolam).
b) A score of 0–2 was assigned for each of the five categories: oxygenation, respiration, circulation, consciousness, and activity.
c) Adverse events other than paradoxical reaction.

Table 1.  Baseline Characteristics Compared between Patients in Group I and Group II

Variables Group Ia)(propofol alone) (n=16) Group IIa)(combination) (n=14) p-value

Age (years), mean±SD 52.1±10.8 57.7±14.3 0.227

M:F ratio 9:7 10:4 0.389

BMI ≥25 kg/m2, n (%) 5 (31.3) 2 (14.3) 0.399

Smoking, n (%) 6 (37.5) 2 (14.3) 0.226

Alcohol, n (%) 8 (50.0) 5 (35.7) 0.431

ASA, n (%) 0.630

  I 5 (31.3) 5 (35.7)

  II 10 (62.5) 9 (64.3)

  III 1 (6.3) 0

Hypertension, n (%) 5 (31.3) 7 (50.0) 0.296

Diabetes, n (%) 3 (18.8) 4 (28.6) 0.675

Baseline BP ≥150/90 (mmHg), n (%) 2 (12.5) 2 (14.3) 0.886

Baseline PR ≥100/min, n (%) 4 (25.0) 4 (28.6) 0.825

Endoscopist, n 0.919

  Experienced 10 9

  Trainee 6 5

ASA, American Society of Anesthesiologists; BMI, body mass index; BP, blood pressure; F, female; M, male; PR, pulse rate; SD, standard 
deviation.
a)Group I (propofol monosedation) and Group II (propofol in combination with midazolam).
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azolam groups. Despite being a pilot study, it has clinical sig-
nificance as a prospective study confirming whether paradox-
ical reactions to midazolam can be reduced by propofol-based 
sedation.

Globally, the incidence of midazolam-induced paradoxical 
reactions during conventional endoscopy has been report-
ed within 1 to 10%,1,18,19 which may further increase with 
time-consuming therapeutic endoscopy.20 The occurrence of a 
paradoxical reaction can cause a safety issue and interference 
with the procedures, resulting in repeat examinations and ad-
ditional costs. Moreover, experiencing a paradoxical reaction 
may be a factor for patients to avoid a future endoscopy. 

Flumazenil administration can reverse a paradoxical reac-
tion; however, it is not a prophylactic agent, and it may cause 
serious side effects. On the other hand, propofol sedation is 
safe and effective for pediatric EGD. A previous study reported 
that the midazolam plus meperidine group required restraint 
more often than patients in the propofol group.13 In addition, 
BPS and propofol monosedation showed comparable and 
satisfactory outcomes in sedation safety and endoscopic pro-
cedures, such as colonoscopy and endoscopic retrograde chol-
angiopancreatography.14,21,22 Moreover, sedation using propofol 
was safe and highly satisfactory in patients with gastric cancer 
who underwent endoscopic submucosal dissection.23 These 
findings indicate that propofol-based sedation may be helpful 
for patients who are vulnerable to endoscopy or relatively pro-
longed, difficult procedures. 

The patients with paradoxical reactions tended to be more 
sensitive to endoscopy and generally more difficult to induce 
an adequate sedation level than those without paradoxical 
reactions. Prospective surveillance studies have shown that 
propofol is highly satisfactory for both patients and endos-
copists.24,25 Thus, the use of propofol-based sedatives may be 
reasonable for patients who had a paradoxical reaction. Mean-
while, the most common adverse event following propofol 
administration is hypotension, which is more common in 
critically ill patients.26 Considering that propofol has a narrow 
margin of safety and no antagonists,25 precautions should be 
taken, especially when administering it to critically ill or elder-
ly patients. 

Our study showed comparable results between propofol 
monosedation and BPS in patients with a history of paradoxi-
cal reactions to midazolam. However, paradoxical events were 
more common, and the recovery time was likely to be longer 
in the BPS group. Given that this study was underpowered due 
to its pilot study nature, these results provide valuable insight 
for planning a large-scale trial with sufficient discrimination 
power. Both propofol monosedation and BPS can be safely 
applied in patients with a history of paradoxical reactions to 

midazolam. Nonetheless, caution must be exercised because 
paradoxical reaction again can happen in the BPS group in 
which midazolam was readministered. 

Generally, patients who previously had a paradoxical re-
sponse seemed to recur on the next endoscopy. However, only 
two patients showed paradoxical reactions in this study. We 
considered this to be the effect of proper sedation via propofol 
and dose reduction of midazolam. The incidence of midazol-
am-induced paradoxical reactions is related to the total dose of 
midazolam administered.20 In the present study, a paradoxical 
reaction was observed only in the group administered with 
the combination of propofol and midazolam and in two out of 
three patients whose midazolam dose exceeded 5 mg. Mean-
while, a previous study showed that paradoxical reactions were 
observed in 16% of propofol-induced sedations and were as-
sociated with young age and anxiety related to excessive worry, 
health concerns, or sleeping problems.27 The two patients in 
our study who had paradoxical reactions to propofol-based 
sedation were 25 and 60 years old. They did not present any 
anxiety or psychiatric problems before sedation. Further large-
scale studies are required to determine which characteristics 
are related to a paradoxical reaction to sedatives.

This study has several limitations. First, we could not iden-
tify any significant differences in the outcomes because this 
planned pilot study was underpowered. More significant 
outcomes are expected if a large-scale trial is conducted based 
on the outcomes of this study. Second, since the endoscopists 
were not blinded to the group to which the patient belonged, 
the outcome variables may have been affected depending on 
the endoscopist’s intention. Therefore, to minimize the ex-
aminer’s subjectivity, we followed a documented protocol for 
sedative use and determined whether a paradoxical reaction 
or adverse event occurred based on defined criteria. 

In conclusion, this prospective study showed the safety and 
efficacy of propofol-based sedation for patients with paradoxi-
cal reactions, which did not differ between the groups admin-
istered with propofol alone and propofol in combination with 
midazolam. Thus, propofol-based sedation may be considered 
for subsequent endoscopy in patients with a history of midaz-
olam-induced paradoxical reaction. This study provides clini-
cal evidence that supports the practical use of propofol-based 
sedation for such patients and suggests the need for future 
multi-center studies.
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