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endoscopic procedures.[7,8] However, intravenous 
sedation requires close patient monitoring, full 
equipment, and trained personnel for managing possible 
serious hemodynamic events.[7,8] Non-intravenous (oral, 
sublingual, intranasal) administration of benzodiazepines 
may be a cost‑effective alternative sedation method for 
EGD. Evidence has shown that such methods can reduce 
procedural anxiety and discomfort and increase patient’s 
tolerance and satisfaction.[9-13]

Although it is shown that oral midazolam is an effective 
premedication for endoscopic procedures,[9,10] it is not 
widely available and yet has a higher cost comparing 
to other benzodiazepines. Moreover, there is a concern 
regarding hemodynamic side effects with its use.[9,14,15] 

INTRODUCTION

Esophagogastroduodenoscopy (EGD) is a common 
procedure for investigating various medical conditions. 
Besides procedural anxiety, EGD can cause pain or 
discomfort for many patients.[1] Anxiety can increase 
pain/discomfort during the procedure which, in turn, 
decreases patient’s tolerance.[2,3] Appropriate sedation 
can decrease procedural anxiety and discomfort and 
increase patient’s tolerance and satisfaction.[4-6]

Intravenous administration of benzodiazepines 
(e.g., midazolam) is a popular sedation method in 
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Among other benzodiazepines, alprazolam has a relatively 
rapid onset and short duration of action and has been 
applied effectively for sedation before surgery,[16,17] and also 
for diagnostic EGD.[18] However, only a few head-to-head 
comparisons between benzodiazepines are conducted so 
far, most of them in children.[19] Accordingly, we compared 
the efficacy and safety of oral midazolam and alprazolam 
in reducing anxiety and pain/discomfort associated with 
EGD in adult patients.

MATERIALS AND METHODS

Participants and study settings
This study was conducted at the endoscopy unit of Alzahra 
University Hospital (Isfahan, Iran) from September 2016 
to February 2017. Elective diagnostic EGD candidates 
were evaluated according to the following inclusion 
criteria: age between 18 and 65 years, the first experience 
of EGD, American Society of Anesthesiology physical 
status class of I or II, and willingness to participate in the 
study. Patients with the following characteristics were not 
included into the study: severe psychiatric, neurologic, 
cardiac, pulmonary, or other serious diseases interfering 
with conducting the study or outcome assessment; 
concomitant treatment with benzodiazepines; current 
opium use or alcohol consumption; history of allergy to 
lidocaine or benzodiazepines; history of surgery on upper 
gastrointestinal tract; and current pregnancy or lactation. 
Patients who needed therapeutic endoscopic intervention 
or additional intravenous sedatives during EGD were 
excluded from the study. The study was approved by the 
Ethics Committee of the Isfahan University of Medical 
Sciences (protocol ID 395569) and was registered in the 
clinicaltrials.gov (NCT03130842). Informed consent was 
obtained from all patients.

Study design
The study was designed as a comparative clinical trial with 
two parallel arms. Eligible patients were consecutively 
entered into the study and were alternately allocated 
into two groups of oral midazolam or sublingual 
alprazolam. Allocation was performed based on the day 
of the procedure; all patients in the same day received the 
same medication. The nursing team was responsible for 
providing the medications to the patients. The nursing team 
and the gastroenterologist who performed the procedure 
were aware of the study arms and the premedication that 
patients received. Patients were informed (with the consent 
form or verbally for illiterates) about receiving an active 
medication that could reduce their anxiety (if any) and 
increase their tolerance during the endoscopy. They were 
aware that two non-intravenous medications are going to 
be compared in this study but were blinded to the name 
of the medications.

Intervention
Patients in the oral midazolam group received midazolam 
hydrochloride (7.5 mg, Tehran Chemie Pharmaceutical Co., 
Tehran, Iran) mixed with 15 cc apple juice to be taken orally 
at 30 min before the procedure.[9] Patients in the sublingual 
alprazolam group received one tablet of the standard oral 
formulation of alprazolam 0.5 mg (Sobhan Co., Tehran, Iran) 
to use sublingually at 30 min before the procedure.[18] 
Lidocaine spray 10% (Sina Darou Co., Tehran, Iran) was 
applied for local pharyngeal anesthesia before the procedure. 
Endoscopy was performed for all patients by an experienced 
gastroenterologist (VS) using the same devices (PENTAX 
Medical, NJ, USA). For patients with extreme discomfort 
and lack of tolerance during the procedure, 2 mg midazolam 
was slowly injected intravenously at the discretion of the 
endoscopist.

Assessments
The study primary outcomes included (1) EGD-related 
anxiety and (2) pain/discomfort. Anxiety was assessed 
before the drug administration (baseline) and then just 
before EGD (30 min after medication) using a numerical 
rating scale, scored from 0 (no anxiety) to 10 (the most 
anxiety).[18] Pain/discomfort related to EGD was evaluated 
when patients were fully alert (at the discretion of the 
nursing team) using a numerical rating scale scored from 
0 (no pain/discomfort) to 10 (the most pain/discomfort).[18]

Patient’s overall tolerance and satisfaction, willingness to 
repeat the procedure in future (if necessary), duration of the 
procedure, and hemodynamic events were considered as the 
secondary outcomes. Patient’s tolerance was evaluated using 
a four-point Likert scale (poor to excellent tolerance).[10] 
Satisfaction was assessed using a numerical rating scale 
scored from 0 (the least satisfaction) to 10 (completely 
satisfied).[18] Blood pressure, heart rate, and arterial oxygen 
saturation were recorded at baseline, at the beginning of the 
EGD, and then at 5 min intervals up to 30 min after starting 
the procedure (Cardioset LX110, Isfahan Optics Industries 
Co., Isfahan, Iran). Hypotension episode was defined as 
systolic blood pressure of <90 mmHg, bradycardia as 
heart rate of <60 bpm, and desaturation as arterial oxygen 
saturation of <90%.[10] The nursing team who administered 
the medication to patients also was responsible to assess 
the study outcomes.

Statistical analyses
Sample size was calculated based on the equivalency 
of the two drugs in reducing EGD-related anxiety with 
equivalence limit considered as 20%.[10] Sample size was 
calculated as 72 participants for each of the study groups 
considering a study power of 80% and type I error of 
2.5% (Bonferroni-type adjustment for the two primary 
outcomes) and a dropout rate of about 10%.
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Data were analyzed using IBM® SPSS® Statistics for 
Windows version 24.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables were checked for normal distribution 
using one-sample Kolmogorov–Smirnov Test. Data are 
presented as means ± standard deviation (SD) for continuous 
variables. Categorical data are presented as number and 
percentage (%). Independent Samples t-test (for normally 
distributed data), Mann–Whitney U-test (for non-normally 
distributed data), and Chi-square or Fisher’s exact tests (for 
categorical data) were applied for comparisons between the 
two groups. The Wilcoxon test was used to test change in 
anxiety score before and after medication (since data were 
not normally distributed). More detailed analyses of the 
hemodynamic variables are explained in supplementary 
data [Appendix 1]. P <0.025 was considered significant for 
analysis of the two primary outcomes (Bonferroni-type 
adjustment). No correction was applied for the secondary 
outcomes (P < 0.05 was considered statistically significant).

RESULTS

A total of 136 patients were included in the study and were 
allocated to the study groups [Figure 1]. Two patients in the 
alprazolam group required intravenous sedation during 
EGD (between-group comparison, P = 0.241). The study 
groups were similar regarding demographic data and 
baseline characteristics [Table 1].

Primary and secondary outcomes
According to the Wilcoxon test, anxiety was significantly 
reduced with midazolam (mean ± SD of reduction = 1.86 ± 1.63, 
P < 0.001) as well as with alprazolam (mean ± SD of 

Figure 1: Patient flow diagram

reduction = 2.02 ± 1.99, P < 0.001). Patients in both 
groups experienced equal reduction in anxiety after 
using the medication (34.7% vs. 42.2%, P = 0.44) [Table 2]. 
Pain/discomfort scores were significantly lower with 
alprazolam compared to the midazolam (4.80 ± 3.01 vs. 
3.68 ± 3.28, P = 0.024). There was no significant difference 
between the two groups in tolerance, satisfaction, willingness to 
repeat the procedure, and duration of the procedure [Table 2].

Hypotension and bradycardia episodes were rare, transient, 
and with no significant difference between the two 
groups [Table 2]. Desaturation was relatively more common 
compared to other events (11.9%, 16 out of 134). There was no 
significant difference between the study groups in cumulative 
hemodynamic events [Table 2]. Hemodynamic changes are 
presented in [Figure 2 to 4]. More details are provided in 
supplementary data [Appendix 1].

DISCUSSION

This study is the first head‑to‑head comparison between 
two benzodiazepines in adults undergoing EGD and 
showed that sublingual alprazolam is as efficient as 
oral midazolam for reducing procedural anxiety as 
well as increasing patient’s tolerance and satisfaction 
with the procedure. Pain/discomfort was lower with 
alprazolam compared to midazolam. The two drugs 
were similar regarding hemodynamic events. Frequency 
of desaturation episodes with oral midazolam in 
our study (8.8%) was higher compared to a previous 
study (4.5%),[10] and patients had relatively more common 
desaturation episodes with sublingual alprazolam (15.2%). 
Accordingly, patients must be monitored more closely for 
possible excessive sedation that can cause respiratory 
depression.[20]

Figure 2: Systolic blood pressure (±1 standard error of the mean) at baseline 
and during and after endoscopy. *Significant Group X time interaction and 
between‑group difference, P < 0.05
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The variability in the efficacy and difficulty in dose 
titration of oral administration of benzodiazepines is a 
disadvantage compared with intravenous use of these 
drugs.[19] Shavakhi et al. showed that the efficacy of 
alprazolam can be increased by sublingual (compared to 
oral) administration.[18] Midazolam can be administered 
intranasally which has a faster onset of action and higher 
bioavailability compared to its oral administration. Studies 
in patients with claustrophobia found less anxiety and more 
sedation with intranasal midazolam compared to placebo[21] 

or oral midazolam.[22] However, another study could not 
find a benefit for intranasal midazolam over placebo for 
patients undergoing EGD.[23] Therefore, further studies are 
needed to investigate the optimal route of administration, 
dosage, and time interval between drug administration 
and EGD for premedication with non-intravenous 
benzodiazepines. Combination with non-pharmacological 
treatments (e.g., providing patient information materials[24,25]) 
may increase the efficacy of premedication while has no 
additional risk and therefore warrants further investigation.

There are some limitations to this study worth mentioning: 
(1) we could not use a third group with placebo as the 
control because of ethical concern. Hence, the study 
design was comparative trial. (2) We applied alternative 
allocation for assigning patients to the study groups 
which is not a standard randomization method though 
the two groups were similar in baseline characteristics. 
(3) Preparation and administration of the study drugs in 
the same format (sublingual midazolam tablet) was not 
possible for us, and therefore, patients and investigators 
were not blinded to the study arms which might have 
affected our findings. (4) Although our study sample size 
was appropriate for the study primary outcomes, since 
hemodynamic side effects were not common, investigation 
and comparison of the safety of oral benzodiazepines 
required larger sample size.

CONCLUSION

We found that sublingual alprazolam is as effective and 
safe as oral midazolam for sedation during EGD. They 
were similar in reducing procedural anxiety, and patients 
had similar tolerance and satisfaction with both treatments; 
however, sublingual alprazolam was accompanied with less 
pain/discomfort during EGD. Hemodynamic side effects 

Figure 3: Heart rate (±1 standard error of the mean) at baseline and during and 
after endoscopy. *Significant between‑group difference using Mann–Whitney 
U‑test (P < 0.05)

Table 1: Comparison of demographic data and baseline 
hemodynamic variables and anxiety score between the 
two study groups

Midazolam 
(n=68)

Alprazolam 
(n=66)

P

Age (years), mean±SD 40.91±12.70 39.09±13.80 0.42*
Female: male, n (%) 40 (58.8):28 (41.2) 35 (53.8):30 (46.2) 0.68†

Baseline anxiety score 
in NRS, mean±SD

4.52±3.44 3.95±3.27 0.28‡

Baseline SBP (mmHg), 
mean±SD

126.95±17.75 126.22±18.16 0.81*

Baseline HR (bpm), 
mean±SD

90.58±14.30 88.40±13.43 0.34‡

Baseline oxygen 
saturation (%), mean±SD

95.01±2.35 95.07±2.72 0.52‡

*Independent samples t‑test; †Chi‑square test; ‡Mann – Whitney U‑test. NRS = Numerical 
rating scale from 0 to 10; SD = Standard deviation; HR = Heart rate; SBP = Systolic blood 
pressure

Table 2: Comparison of the primary and secondary 
outcomes between the two study groups

Midazolam 
(n=68)

Alprazolam 
(n=66)

P

Pre‑EGD anxiety score in NRS, 
mean±SD

2.94±2.62 2.51±3.00 0.13*

Change in anxiety score after 
medication, mean±SD†

1.86±1.63 2.02±1.99 0.91*

Percent of change in anxiety 
score after medication, mean±SD†

34.74±30.35 42.26±39.26 0.44*

Pain/discomfort score in NRS, 
mean±SD

4.80±3.01 3.68±3.28 0.02*

Overall tolerance on four‑point 
Likert scale, n (%)

Excellent or good 40 (58.8) 43 (65.2) 0.56‡

Fair or poor 28 (41.2) 23 (34.8)
Satisfaction score in NRS, 
mean±SD

7.79±2.35 8.13±2.52 0.15*

Willing to repeat procedure, n (%) 57 (83.8) 50 (75.8) 0.34‡

Procedure duration (min), 
mean±SD

6.95±3.47 6.19±2.82 0.14*

Hypotension (SBP <90 mmHg), n (%) 1 (1.5) 2 (3) 0.61ⱡ

Bradycardia (HR <60 bpm), n (%) 1 (1.5) 0 >0.99ⱡ

Desaturation (SaO2 <90%), n (%) 6 (8.8) 10 (15.2) 0.38‡

Cumulative hemodynamic events, n (%) 7 (10.3) 11 (16.7) 0.40‡

*Mann – Whitney U‑test; †Since some patients had anxiety score of 0 at baseline, 
the number of patients in the midazolam and alprazolam groups for these 
variables was 58 and 48, respectively; ‡Chi‑square test; ⱡFisher’s exact test. 
EGD = Esophagogastroduodenoscopy; HR = Heart rate; NRS = Numerical rating 
scale from 0 to 10; SBP = Systolic blood pressure; SaO2 = Arterial oxygen saturation; 
SD = Standard deviation
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were rare and transient with these benzodiazepines though 
caution should be taken for desaturation during procedure. 
We recommend premedication with either sublingual 
alprazolam or oral midazolam, depending on availability 
and costs, for patients undergoing diagnostic EGD. Further 
studies on optimizing the efficacy of premedication by 
combination with non-pharmacological interventions and 
also investigating the optimal route of administration, 
dosage, and time of administration are suggested.
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APPENDIX

Appendix 1: Hemodynamic effects
Desaturation was happened during and after endoscopy in 43.7% (7 out of 16) and 50% (8 out of 16) of the cases, 
respectively. Only in one case (in the midazolam group) desaturation happened before the EGD. Desaturation episodes 
were recurrent (presented at two or more measurement intervals) in 4 (6.0%) cases of the alprazolam and 2 (2.9%) cases 
of the midazolam group. Compared to those who did not have desaturation, patients with desaturation episodes were 
marginally older (mean standard deviation [SD] of 45.9 [12.0] vs. 39.2 [13.2] years, P = 0.05) and had lower arterial oxygen 
saturation at baseline (mean [SD] of 93.7 [2.3] vs. 95.0 [2.5], P = 0.01).

Repeated measure analysis was applied for comparison of changes in hemodynamic variables within and between the two 
groups. Compared to baseline, systolic blood pressure was lower at 5 min after starting the procedure (P = 0.01) and thereafter 
(P < 0.001), with significant Group X time interaction at 25 min (P = 0.04) and 30 min (P = 0.02) after EGD. Compared to 
baseline, heart rate was higher at 5 min after starting the procedure (P < 0.001) but lower at 25 min and 30 min after EGD 
(P < 0.001). There was no significant between‑group difference but there was a nonsignificant interaction between group 
and time for heart rate at 5 min after starting the procedure (P = 0.06). Between-group comparison using the Mann–Whitney 
U‑test was significant at this time (P = 0.04) which might be due to more reduction in blood pressure and/or because of 
higher pain/discomfort in the midazolam group. Compared to baseline, arterial oxygen saturation was lower at 5 min after 
starting the procedure and thereafter (P < 0.001), with no significant Group X time interaction in this case.


