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Introduction

Upper gastrointestinal bleeding (GIB) is a common medical 
condition that is associated with substantial morbidity 
and mortality (1). It accounts for more than 250,000 

hospitalizations annually in the United States, contributing 

to a significant burden and health costs (2). Despite 

the remarkable advances in diagnostic and therapeutic 

modalities, mortality rates of upper GIB continues to be 
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significant, reaching 20% in high risk patients (3).
Urgent endoscopy plays an important role in the 

management of upper GIB and is considered the standard 
of care for active or recent GIB (4). While a bleeding 
source can be identified in most patients, 10–20% of 
cases remain without a clear source and require repeat 
procedures or surgical interventions to stop the bleeding (5).  
The diagnostic yield of an endoscopy and the success 
of interventions is largely dependent on the quality of 
visualization of the gastrointestinal tract. 

Randomized controlled trials have shown that intravenous 
erythromycin infusion prior to endoscopy is more effective 
than placebo in improving visualization, and decrease 
the need for a second look while reducing costs (6-8). 
Erythromycin, administered in a dose of 1 to 3 mg/kg, 
activates motilin receptors to increase gastric tone and 
phasic motor activity within minutes of infusion, leading 
to rapid gastric emptying (9,10). However, erythromycin 
infusion requires “then and there” pharmacological 
preparation, which frequently delays its administration 
in urgent cases (11). Furthermore, a national shortage 
of intravenous erythromycin has been reported in the 
United States. Azithromycin is another macrolide with a 
modified ring structure from erythromycin which is also a 
motilin receptor agonist but offers the advantage of being 
more readily available and does not require immediate 
preparation (12). Motility studies suggest these two agents 
have broadly similar efficacy (13). 

The primary aim of the study was to assess the effect 
of azithromycin infusion in improving the quality of 
endoscopic visualizations in patients with upper GIB and to 
compare it to that of erythromycin; the current standard of 
care. We present the following article in accordance with 
the STORBE reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-20-51/rc).

Methods 

Study design & patient selection 

This is an observational, retrospective, case control study 
including patients admitted with upper GIB, along with 
patients hospitalized for other reasons and developed in-
hospital upper GIB between January 2014 and August 
2017. All patients were included in the final analysis if 
they met the following criteria: at least 18 years of age and 
underwent urgent upper endoscopy which was defined as 
an esophagogastroduodenoscopy (EGD) within 12 hours 

of the initial bleed (4). Patients taking medications which 
can potentially affect gastric motility, including opioids and 
metoclopramide, patients with history of gastric surgeries, 
current use of antiarrhythmic drugs or antihistamine 
containing drugs and drugs with possible interactions with 
the study drugs were excluded. Patients with nasogastric or 
orogastric tubes were also excluded. The included patients 
were divided into two groups based on which pre-procedure 
motility agent was used: (I) patients receiving pre-procedure 
intravenous azithromycin infusion; (II) patients receiving 
pre-procedure intravenous erythromycin infusion. The 
decision whether to use a motility agent or not was up to the 
discretion of the operating endoscopist based on the time 
of the most recent bleeding episode and the estimation of 
GIB severity. The administration of the motility agent had 
to be started within 6 hours pre-procedure for the patient 
to be included in the study. Only patients who received 
azithromycin at a dosage of 250 mg or erythromycin at a 
dosage of 250 mg were included to ensure homogeneity 
of interventions. For patients who underwent a second 
look or multiple EGDs during the same hospitalization, 
only the first procedure was included in the study. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Institutional Review Board of Virginia Commonwealth 
University (No. HM20008788) and informed consent was 
waived due to the retrospective nature.  

Outcome measurements

The primary outcome of the study was the quality of 
endoscopic visualization. An objective scoring system 
was developed based on previously published data on the 
topic (8). The score ranged from 0 to 8, with a maximum 
of 2 points assigned to each of the fundus, gastric body, 
antrum and duodenal bulb; a higher score indicates 
better visualization (Figure 1). Excellent visualization 
was defined as a score ozf ≥7. To assess visualization, two 
gastroenterologists, blinded to the pre-procedure motility 
agent used, each reviewed the endoscopy images separately 
and provided a score. Patients with endoscopy pictures 
insufficient to calculate the score were excluded.

Secondary outcomes of the study included length of 
hospital stay (LOS), the number of packed red blood cells 
(pRBC) units transfused within 48 hours of the procedure, 
need for second-look endoscopy due to either failure to 
identify a bleeding site or re-bleeding, duration of the 
endoscopic procedure, and procedure-related complications. 

https://tgh.amegroups.com/article/view/10.21037/tgh-20-51/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-20-51/rc
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Our original hypothesis was that erythromycin requires 
prolonged preparation, so an additional secondary outcome 
was the time between the administration of the infusion and 
the start of the procedure. 

Statistical analysis

Continuous variables were summarized by means and 
standard deviations whereas categorical variables were 
summarized with frequencies and percentages. Analysis 
of Variance (ANOVA), Pearson’s chi-squared tests, two-
sample t-tests, and Kaplan-Meier survival methods were 
used to compare the treatment groups. Fisher’s exact 
tests or Wilcoxon rank-sum tests were used as needed. 
The concordance correlation coefficient was used to 
assess agreement between the two blinded reviewers and 
ranged between −1 (perfect disagreement) and 1 (perfect 
agreement), with zero indicating no agreement between the 
two measures. 

Multiple linear regression models were fit to model the 
average total visualization score and time between infusion/
endoscopy. Cox proportional hazards model were fit for 
length of stay to account for patients that died during the 
hospitalization (censored). For each analysis, variables with 
P values ≤0.25 from the bivariate associations with both 
the intervention used (Tables 1,2) and the total visualization 
score were included to account for confounders in 
the models. Unadjusted and adjusted mean treatment 
differences (95% CI) and P values were provided. A 
sensitivity analysis for the survival analysis was performed 

where the analysis was limited to patients with a principal 
diagnosis of GIB. All statistical analyses were performed in 
SAS 9.4 (Cary, NC) using an alpha =0.05. 

Results

The patients’ demographic and basic characteristics were 
summarized in Table 1. Sixty-six patients who underwent 
urgent EGD for management of upper GIB at our facility 
were included in the study. Of these, 25 (37.9%) patients 
received intravenous azithromycin and 41 (62.1%) patients 
received intravenous erythromycin. The mean age was 
58 (range, 24–86) years and 76% were male. 34.4% of 
patients had at least 3 comorbidities and 50.6% had 
cirrhosis. Baseline clinical characteristics and the number 
of comorbidities were not significantly different between 
the groups. The concordance correlation coefficient for the 
total visualization scores between the two raters was 0.76 
(95% CI: 0.66, 0.83), meaning there was high agreement. 
The average total visualization score was used as the 
primary outcome.

Primary outcomes 

The mean total visualization score was significantly 
higher in the azithromycin group compared to that of 
the erythromycin group (6.8±1.4 vs. 5.5±2.2, respectively; 
P=0.01). 

Based on the bivariate associations with both the 
intervention used (Table 2) and the total visualization score, 

CBA

Figure 1 Endoscopic visualization in a patient with recent GIB who underwent upper endoscopy without the use of Azithromycin: (A) clots 
in the lower esophagus, (B) bezoar and clots in gastric body, (C) clots and fresh blood in gastric fundus. 
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Table 1 Patient characteristics by treatment group

Characteristics, n (%) Overall, n=66
Azithromycin, n=25 

(37.9%)
Erythromycin, n=41 

(62.1%)
P value

Agea (years) 57.1±13.8 56.6±14.3 57.6±11.5 0.79

Gender, n (%) 0.49

Female 17 (25.8) 8 (32.0) 9 (22.0)

Male 49 (74.2) 17 (68.0) 32 (78.1)

Race, n (%) 0.22

White 33 (50.0) 10 (40.0) 23 (56.1)

Other 33 (50.0) 15 (60.0) 18 (43.9)

Systolic BPa 110.8±23.1 106.1±22.7 110.3±22.7 0.30

Diastolic BPa 61.6±15.2 59.6±17.1 61.7±13.8 0.66

Heart ratea 99.1±19.9 101.6±19.7 98.9±20.1 0.72

Hemoglobina 8.3±2.2 7.9±1.6 8.4±2.3 0.56

Hemoglobin nadira 6.7±1.7 6.3±1.6 6.6±1.5 0.29

Platelet counta 177.3±119.1 192.1±151.6 151.3±100.7 0.17

INRa 1.8±1.0 2.3±1.7 1.6±0.5 0.02*b

Number of comorbidities, n (%) 0.07

≥3 comorbidities 23 (34.8) 13 (52.0) 10 (24.4)

<3 comorbidities 43 (65.2) 12 (48.0) 31 (75.6)

Cirrhosis, n (%) 0.46

Yes 35 (50.6) 12 (48.0) 23 (57.5)

No 30 (49.4) 13 (52.0) 17 (42.5)

a, continuous variables presented as mean ± SD; b, Kruskal-Wallis test; *, statistical significance indicated (alpha 0.05).

the number of pRBC units transfused and comorbidities (≥3 
vs. <3) were identified as confounding variables (P<0.25). 
After adjusting for the confounders, the mean total 
visualization score remained higher in the azithromycin 
group compared to the erythromycin group (Diff: 0.01, 
1.88; P=0.05). Seventeen patients (68%) who received pre-
procedure azithromycin achieved excellent visualization 
compared to 16 patients (41%) received erythromycin 
(P=0.09) (Table 3, Figure 2). The adjusted mean total 
visualization scores (95% CI) for the intervention groups 
are displayed in Figure 3.

Secondary outcomes

A Cox proportional hazards model was fit to model the 

length of stay. There were 12 patients excluded from this 
analysis due to a missing length of stay and 12 (14.81%) 
patients censored. No differences in the average LOS 
between azithromycin and erythromycin were observed 
(P=0.88). A sensitivity analysis was performed on a subset 
of patients with a principal diagnosis of GIB (excluding 16 
patients), of which 11 (16.92%) patients were censored. 
The sensitivity analysis showed that patients admitted 
with a principal diagnosis of GIB had a shorter LOS when 
given azithromycin compared to erythromycin [6 (3 to 9) 
vs. 8 (7 to 16) days, respectively, HR 2.00; 95% CI: 1.03, 
3.89; P=0.04]. After adjusting for the number of pRBC 
units transfused and comorbidities, this effect remained 
significant (HR 1.97; 95% CI: 1.00, 3.88; P=0.05). 

The number of pRBC units transfused within 48 hours of 
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endoscopy was not significantly different between patients 
given erythromycin and patients given azithromycin (mean: 
3.4±4.0 vs. 2.8±1.7, respectively; P=0.17). 

Using multiple linear regression model, the time 
between infusion and endoscopy was compared between the 
azithromycin and erythromycin groups. Mean time between 
initiating the infusion and endoscopy was higher in the 
azithromycin group compared to that of the erythromycin 
group (Diff: 40.64 min; 95% CI: 7.23, 74.05; P=0.02). 
After adjusting for the number of pRBC units transfused 
and comorbidities, the average time between infusion and 
endoscopy remained higher in the azithromycin group 
compared to the erythromycin group (Diff: 40.42 min; 
95% CI: 5.10, 75.74; P=0.03). Four patients were ordered 

erythromycin; however, the infusion was not delivered 
on time before starting the procedure, compared to zero 
patients in the azithromycin group. These four patients 
were not included in the analysis.

There was no statistical difference in mean procedure 
time between the treatment groups (mean 19.2±6.8 min 
for azithromycin vs. mean 18.5±12.3 min for erythromycin; 
P=0.95). 

There were nominally fewer patients who required 
a second look endoscopy in the azithromycin group 
compared to the erythromycin group [3 (12.0%) vs. 11 
(26.8%), respectively; P=0.33]. There were only 4 patients 
required a second look endoscopy due to poor visibility. 
No procedure-related complications were encountered. 

Table 2 Outcomes by treatment group

Characteristics Overall, n=66
Azithromycin, n=25 

(37.9%)
Erythromycin, n=41 

(62.1%)
P value

Total visualization scorea 6.0±1.9 6.8±1.4 5.5±2.2 0.01*

Excellent visualization, n (%) 0.09

Yes 33 (51.6) 17 (68.0) 16 (41.0)

No 31 (48.4) 8 (32.0) 23 (59.0)

Length of stay (days): GI bleedingd 7.0 (7.0, 10.0) 6.0 (3.0, 9.0) 8.0 (7.0, 16.0) 0.08e

Length of stay (days): all diagnosesd 9.0 (7.0, 10.0) 9.0 (6.0, 11.0) 10.0 (7.0, 16.0) 0.75e

Time between infusion/endoscopya (min) 76.0±67.7 100.7±75.6 60.1±57.8 0.02*b

Number of pRBC units transfuseda 2.8±3.0 2.8±1.7 3.4±4.0 0.17c

Procedure durationa (min) 18.7±9.7 19.2±6.8 18.5±12.3 0.95

Need for second look endoscopy n (%) 0.33

Yes 14 (21.2) 3 (12.0) 11 (26.8)

No 52 (78.8) 22 (88.0) 30 (73.2)

a, continuous variables presented as mean ± SD; b, two sample t-test; c, Kruskal-Wallis test; d, presented as median (95% CI); e, log-rank 
test; *, statistical significance indicated (alpha 0.05).

Table 3 Unadjusted and adjusted association of total visualization score and intervention used

Total visualization scorea Unadjusted estimate (95% CI) P value Adjusted‡ estimate (95% CI) P value

Azith-Eryth 1.33 (0.37, 2.29) 0.01* 0.94 (0.01, 1.88) 0.05*

Comorbidities (≥3 vs. <3) – – 1.24 (0.43, 2.06) <0.01*

1-unit increase in pRBC transfused – – −0.14 (−0.26, −0.01) 0.04

a, reported as mean difference (95% CI); ‡, adjusted for number of pRBC units transfused and comorbidities (≥3 vs. <3); *, statistical 
significance indicated (alpha 0.05).
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Table 4 summarizes the unadjusted and adjusted secondary 
outcomes. 

Discussion

The primary objective of the study was to assess the effect 
of azithromycin and erythromycin on gastric cleansing and 
thereby the quality of endoscopic visualization in patients 
with acute upper gastrointestinal bleeding. The endoscopic 
total visualization score, an objective score graded by two 
blinded gastroenterologists, was higher in the azithromycin 
group. Thus, our study shows azithromycin to be associated 
with better visualization scores compared to erythromycin 

which is the current standard of care. When considering 
only patients hospitalized for GIB as the principal diagnosis, 
the length of hospital stay was shorter in the azithromycin 
group compared to the erythromycin group. Other 
outcomes of blood transfusion requirements and procedure 
duration were not different between the two groups.

Erythromycin works as a motilin receptor agonist that 
accelerates gastric emptying by inducing antral contractions. 
It has a powerful effect on gastric clearing with the optimal 
results achieved when erythromycin is administered 
intravenously as 2 to 3 mg/kg and given over 10 to  
30 minutes. Multiple randomized trials and meta-analyses 
suggested benefit of the use of erythromycin in upper 
GIB (7,14). The American College of Gastroenterology 
guidelines on the management of ulcer bleeding, 
published in 2012, include intravenous erythromycin as a 
recommendation for pre-endoscopy medical therapy (15). 

One disadvantage of the use of erythromycin is the need 
for relatively prolonged preparation as the intravenous 
dilution requires adding a buffering solution (11). The 
drug must be used within 8 hours of preparing, i.e., it is not 
meant to be stored or premixed, and therefore it is unlikely 
that it will be made ahead of time. When it comes to 
emergent cases, a delay of 50–60 minutes can be significant 
and may result in postponing the procedure and slowing 
the control of bleeding. In our experience, it requires 
the pharmacy approximately 55 minutes to prepare the 
intravenous erythromycin solution. Additionally, a national 
shortage of intravenous erythromycin in the U.S. presents a 
strong need for an effective alternative. Azithromycin does 
not require prolonged preparation and can be premixed and 

CBA

Figure 2 Endoscopic visualization in a patient with recent GIB who underwent upper endoscopy following the use of Azithromycin: (A) 
good visualization in esophagus, (B) excellent visualization in gastric body, (C) excellent visualization in gastric fundus.
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stored in solution in cold temperatures for 7 days (12). It is 
readily available in almost all emergency and intensive care 
units as a prerequisite of sepsis and community acquired 
pneumonia protocols. Within 5 minutes, intravenous 
azithromycin solution can be bedside for emergent cases. 
In fact, four patients included in our study with upper 
GIB were ordered erythromycin pre-endoscopy, however, 
this could not be made in time compared to zero missed 
infusions in the azithromycin group. Furthermore, the time 
from infusion to endoscopy was longer in the azithromycin 
group. On average, patients given intravenous azithromycin 
had 41 additional minutes of infusion prior to the start 
of the endoscopy compared to those given erythromycin, 
suggesting the drug preparation and administration were 
faster. 

Azithromycin use is considered relatively safe. However, 
caution should be practiced in patients with cardiovascular 
disease as azithromycin, like other macrolide antibiotics, 
can prolong the QT interval, potentially causing lethal 
ventricular arrhythmias (16). Carbonell et al. suggested 
a lower infusion rate of 20 minutes for intravenous 
erythromycin to prevent cardiac arrhythmias, compared to 
5 minutes described in previous studies (17). As with most 
antibiotics, the use of azithromycin can increase the risk of 
Clostridium difficile and associated colitis (18). 

There are several limitations of this study that merit 
discussion. This is a retrospective observational analysis and 
is susceptible to inherent limitations of this type of study 
design. These include selection bias previously discussed, 
limitations on endoscopic images available and reliance on 
data recorded in the medical record. This cohort is from 
single tertiary referral center, so the results may not be 
generalizable to all patient populations. Furthermore, the 
national shortage in IV erythromycin is reported in the US, 
therefore generalizing to an international practice should 
be used with caution. Lastly, while we tried to adjust for 

all possible statistically significant confounding factors, the 
presence of other unknown or unmeasured variables cannot 
be ignored. This is especially important when evaluating 
length of stay as it is typically influenced by several medical 
and non-medical factors, thus caution needs to be used 
before drawing definite conclusions. 

To the best of our knowledge, this is the first study 
to examine the clinical effect of azithromycin on gastric 
visualization. It is also the first study to compare azithromycin 
to erythromycin for gastric visualization during urgent EGD. 
The time interval between administering azithromycin 
and starting the procedure was longer compared to the 
erythromycin group. This longer time interval allows longer 
duration of drug activity perhaps leading to more complete 
clearance of gastric contents leading to better visualization 
in the azithromycin group; a finding that proves our original 
hypothesis. Moreover, the visualization score used to evaluate 
the effect of the study drugs was objectively graded by 
gastroenterologists blinded to the motility drug used and 
inter-observer variability was low. 

In conclusion, this study shows the use of intravenous 
azithromycin before urgent endoscopy was associated 
with better endoscopic visualization than intravenous 
erythromycin. Azithromycin can be made ready and 
delivered on time in emergent cases, which may be the 
source of its advantage. We therefore suggest further 
prospective trials to validate these findings and propose 
using intravenous azithromycin in acute GIB to prevent 
unnecessary delays and improve the yield of endoscopic 
interventions.
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Characteristics Comparison
Unadjusted estimate 

(95% CI)
P value
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a, reported as mean difference (95% CI); b, reported as HR (95% Wald CI); ‡, adjusted for number of pRBC units transfused and 
comorbidities (≥3 vs. <3); *, statistical significance indicated (alpha 0.05).
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