PHARMACOTHERAPY
REVIEW OF THERAPEUTICS

Glucagon for Relief of Acute Esophageal Foreign Bodies
and Food Impactions: A Systematic Review and
Meta-Analysis

Gary D. Peksa,'** (@ Joshua M. DeMott," Giles W. Slocum,' (¥ Jaxson Burkins,” and
Michael Gottlieb
"Department of Pharmacy, Rush University Medical Center, Chicago, Illinois; “Department of Emergency
Medicine, Rush University Medical Center, Chicago, Illinois; *Department of Pharmacy, Mount Sinai Hospital,
Chicago, Illinois

Glucagon is frequently used for the relief of esophageal impactions. This systematic review and meta-
analysis were performed to evaluate the efficacy and safety of glucagon for acute esophageal foreign
body and food impactions. PubMed, CINAHL, Latin American and Caribbean Health Sciences Litera-
ture (LILACS), Scopus, Cochrane Database of Systematic Reviews, and Cochrane Central Register of
Controlled Trials were searched from inception to March 1, 2018. Retrospective, observational, and
randomized controlled trials assessing glucagon for the relief of acute esophageal foreign body and
food impaction were included. There were no language or age restrictions. Only studies conducted on
humans and with a comparator (e.g., control or placebo) were included. Study quality analysis was
performed using the Cochrane Risk of Bias tool. Quality of evidence analysis was performed using the
Grading of Recommendations, Assessment, Development and Evaluations approach. A total of 1988
studies were identified, and five studies with a total of 1185 subjects were included. Treatment success
occurred in 213 of 706 (30.2%) patients in the glucagon group and 158 of 479 (33.0%) patients in the
control group (odds ratio [OR] 0.90, 95% confidence interval [CI] 0.69-1.17, p=0.42). There was min-
imal statistical heterogeneity (I* = 14%, p=0.33). No publication bias was identified. Adverse events
were identified in 24 (15.0%) patients in the glucagon group and 0 (0%) patients in the placebo group
(risk difference [RD] 0.18, 95% CI 0.03-0.33, p=0.02). Vomiting events occurred more frequently in
the glucagon group (17 of 160 [10.6%] vs O of 53 [0%]) but was not statistically significant (RD 0.07,
95% CI -0.03-0.17, p=0.19). Glucagon was not associated with a difference in treatment success but
had a higher rate of adverse events for the treatment of esophageal foreign body and food impaction.
Further controlled studies are needed to confirm the efficacy of glucagon with adequate power to
assess adverse events.
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Esophageal foreign body impaction accounts department (ED) annually." Esophageal foreign
for ~13 cases per 100,000 in the emergency body impactions occur when an object or food
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become lodged in the esophagus. Foreign bodies
typically include magnets and coins; frequently
1mphcated foods include meat, most commonly
steak.” > Esophageal foreign body impaction
may result in the inability to tolerate oral intake,
potential airway compromise, and potential eso-
phageal perforation, and therefore, patients com-
monly present to the ED for emergent treatment.
Although most impactions pass without inter-
vention, those that do not spontaneously resolve
may require urgent or emergent endoscopy to
clear the obstruction. Endoscopy procedures are
invasive, costly, and carry risks such as esopha-
geal perforatlon > For these reasons, providers
may attempt medical management to relieve
impactions and possibly avoid the need for
endoscopy.

A frequently used medication for the medi-
cal management of esophageal impactions is
glucagon,™ > a polypeptlde hormone administered
as a therapeutic agent.® When administered at
doses of 0.5-1 mg, glucagon was shown to
increase peristalsis and 1mprove transit in the
esophagus of healthy subjects.” Escalating doses of
glucagon up to 1 mg exhibited a ceiling effect with
regard to reduction of lower esophageal sphincter
resting pressure and distal esophageal amplitude of
contractlon facilitating passage of the foreign
body.® Consequently, the American Society for
Gastrointestinal Endoscopy suggested glucagon as
a potential intervention for the treatment of eso-
phageal foreign body impactions.” However, clini-
cal studies evaluating the efficacy of glucagon have
shown conflicting results.

This systematic review and meta-analysis evalu-
ates the efficacy and safety of treatment with glu-
cagon for acute esophageal foreign bodies and
food impactions. The primary objective was to
determine the effectiveness of glucagon for relief
of impactions. Secondary outcomes included rates
of adverse events, rates of vomiting, and time to
relief of impaction.

Methods

Search Strategy

The study protocol (CRD42017082302) was
registered with and is available for review on the
International Prospective Register of Systematic
Reviews (PROSPERO) Web site (https://www.c
rd.york.ac.uk/PROSPEROY/). This study conforms
to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines for sys-
tematic reviews and was performed in

accordance with best practice guidelines.® In
conjunction with a medical librarian, a search of
PubMed, CINAHL, Latin American and Carib-
bean Health Sciences Literature (LILACS), Sco-
pus, the Cochrane Database of Systematic
Reviews, and the Cochrane Central Register of
Controlled Trials were conducted to include
citations from inception to March 1, 2018.
Details of the search strategy are included in the
appendix. To minimize the risk of excluding
studies due to incompletely written abstracts,
the bibliographies of identified studies and
review articles were reviewed for potentially
missed publications.

Inclusion and Exclusion Criteria

Inclusion criteria consisted of all retrospective,
prospective observational, and randomized con-
trolled trials assessing glucagon for the relief of
acute esophageal foreign bodies and food impac-
tions. All studies must have had a comparator
group (e.g., control group or placebo). Only
studies conducted on humans were included.
Exclusion criteria included case reports, case
series, and studies published in abstract format
only. There were no language or age restrictions.

Abstracts of articles identified on the initial
search strategy were digitally imported into Cov-
idence (Veritas Health Innovation, Melbourne,
Australia), a standardized screening tool for sys-
tematic reviews. Two investigators (J.M.D. and
J.B.) independently assessed study abstracts for
eligibility based on the inclusion and exclusion
criteria. All abstracts meeting initial criteria were
reviewed as full manuscripts. Studies with miss-
ing or incomplete abstracts were also assessed
with full-text review. Studies determined to meet
the eligibility criteria on full-text review by both
extractors were included in the final data analy-
sis. Any discrepancies were resolved by consen-
sus with inclusion of a third party (G.D.P.) if
necessary.

Data Collection and Processing

Two investigators (J.M.D. and ].B.) indepen-
dently extracted data from all included studies.
The investigators underwent initial training and
extracted data into a predesigned electronic data
collection form created by a single investigator
(G.D.P.). The following information was
abstracted: last name of the first study author,
study title, publication year, study population
size, study country, study location (e.g., ED,
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outpatient clinic), study design, study inclusion
and exclusion criteria, mean patient age, sex of
patients, glucagon treatment regimens, concomi-
tant medications administered with glucagon,
comparator group (e.g., placebo, control), defi-
nition of treatment success as per the index
study, rates of treatment success, rates of adverse
events, rates of vomiting, rates of esophageal
abnormalities, and time to relief of impaction.
Any discrepancies were resolved by consensus
with inclusion of a third party (G.D.P.) if neces-
sary. Authors of studies were contacted only if
reported data warranted clarification.

Studies were independently assessed for qual-
ity by two separate investigators (G.W.S. and
M.G.) using the Cochrane Risk of Bias tool. 10
The modified Cochrane Risk of Bias tool for
nonrandomized studies was used for retrospec-
tive and prospective observational studies."
Studies were assessed for quality of evidence
using the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE)
approach, and the software tool GRADEpro
(McMaster University and Evidence Prime, Inc.,
Hamilton, ON, Canada) was used to create an
evidence profile table.'? Any discrepancies were
resolved by consensus with inclusion of a third
party (G.D.P.) if necessary.

Outcomes

The primary outcome for this review was
treatment success, as defined by the original
study, that could include subjective symptom
relief or radiographic imaging confirmation. Sec-
ondary outcomes included overall rates of
adverse events, rates of vomiting, and time to
relief of impaction.

Analysis

Dichotomous variables were measured by
odds ratio (OR) with 95% confidence intervals
(ClIs), and a 2-sided p value<0.05 was consid-
ered statistically significant. Risk difference (RD)
was used in place of OR when study data
included zero events. The Mantel-Haenszel
method was used for analyses. Then y* and I°
statistics were utilized to assess heterogeneity of
included studies with p < 0.1 or I* > 50% con-
sidered significant for heterogeneity."” Pooled
data were analyzed using a random-effects
model if significant statistical heterogeneity
existed. In the absence of significant
heterogeneity, a fixed-effects model was used. A

funnel plot and Egger’s lest were utilized to
assess for publication bias.'* A post hoc sensitiv-
ity analysis was completed when studies
reported posttreatment endoscopic findings of
possible treatment success. Adverse events
reported per dose received rather than per
patient were analyzed using the most conserva-
tive per patient estimate. Statistical analyses
were performed using RevMan (The Nordic
Cochrane Centre, Copenhagen, Denmark), v.5.3,
and StataMP, v.13.0 (StataCorp LP, College Sta-
tion, TX), was utilized to assess publication bias.

Results

A total of 1988 studies were identified.
PubMed yielded 86 studies, Scopus identified
1803 studies, CINAHL found 11 studies, LILACS
discovered 82, the Cochrane Central Register of
Controlled Trials yielded 6 studies, and the
Cochrane Database of Systematic Reviews identi-
fied no studies. After removing duplicates, 1842
abstracts were reviewed with 14 selected for
full-text review (Figure 1). No additional articles
were identified through bibliographic review.

Study and Patient Characteristics

Five studies, comprising 23 study sites and
1185 patients, were selected for the final analy-
sis.!>~19 Four studies were conducted in the Uni-
ted States 19719 and one study was conducted in
Sweden.'®> Four studies were performed in the
ED setting,'® ' and one study occurred across
four otolaryngology clinics.'> Two studies were
randomized controlled trials with placebo.'” '°
The other three were retrospective studies'’ '°
with a control group.

The mean patient ages of the five included
studies ranged from 5.1-59.5 years, and 63.7%
of all patients were male. Studies most fre-
quently used a glucagon dose of 1 mg, and
repeat dosing was permitted (Table 1). One
study reported no simultaneous medications
administered with glucagon,'” one study admln—
istered 2-3 ounces of water to all patients,’ one
study administered diazepam to all patients,"
and two studies administered concomitant ben-
zodlazeplnes or nitroglycerin to a portion of
patients.'® '° Two studies reported rates of eso-
phageal abnormalities by treatment group and
were similar between groups (glucagon 52 of
233 [22.3%] vs control 26 of 145 [17.9%]).'" '
One study reported esophageal abnormalities in
16 of 43 (37.2%) patients.!> Similarly, another
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram.

group reported esophageal ring, stricture, web,
or narrowing in 145 of 470 (30.9%) patients,
erosive esophagitis with stricture in 130 of 470
(27.7%) patients, and eosinophilic esophagitis in
52 of 470 (11.1%) paltients..18 Four studies
defined treatment success by clinical signs and
symptoms,'> ' whereas one study, com-
pleted with patients younger than 9 years, used
radiographic imaging in their primary outcome
definition.'® Authors of two studies were con-
tacted for clarification.'® ' The author of one
study clarified the number of patients per group
(glucagon vs no glucagon) and rates of treat-
ment success.'® The author of an additional
study provided rates of adverse events in the
control group that were not reported in the orig-
inal article.!?

Primary Outcome

Overall, treatment success occurred in 213 of
706 (30.2%) patients in the glucagon group and

158 of 479 (33.0%) patients in the control
group. Treatment success did not differ signifi-
cantly between groups, and the OR was 0.90
(95% CI 0.69-1.17, p=0.42; Figure 2). There
was minimal statistical heterogeneity with an
I = 14% (p=0.33). The funnel plot analysis
depicted no evidence of publication bias (Fig-
ure 3). Egger’s test for small-study effects also
indicated no significant bias existed (p=0.48). A
sensitivity analysis reclassifying treatment suc-
cess from one study based on posttreatment
endoscopic findings resulted in an OR of 0.93
(95% CI 0.72-1.21, p=0.59)."®

Secondary Outcomes

Overall adverse events were identified in 24
(15.0%) patients in the glucagon group and 0
(0%) patients in the placebo group (RD 0.18,
95% CI 0.03-0.33, p=0.02) (Figure 4). One
study reported adverse events per dose received
rather than per patient,'® so the most
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Glucagon Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Tibbling 1995 9 24 6 19  3.5% 1.30[0.36, 4.64] 1995
Mehta 2001 2 9 3 5 25% 0.19[0.02, 2.06] 2001
Sodeman 2004 10 106 20 116 14.7% 0.50[0.22, 1.12] 2004 -1
Haas 2015 174 440 126 310 75.7% 0.96 [0.71, 1.28] 2015 n
Bodkin 2016 18 127 3 29 36% 1.43[0.39, 5.23] 2016 —_— =
Total (95% Cl) 706 479 100.0% 0.90 [0.69, 1.17] L 3
Total events 213 158
Heterogeneity: Chi* = 4.63, df = 4 (P = 0.33); I = 14% 0.01 01 1 10 100

Test for overall effect: Z = 0.80 (P = 0.42)

Favors [Control] Favors [Glucagon]

Figure 2. Forest plot demonstrating no difference in treatment success with glucagon compared with control for treatment of

acute esophageal foreign body and food impactions."”™° C

- SE(I0GIOR)

05T

; ) i ) . __OR
0.01 0.1 1 10 100

Figure 3. Funnel plot of the included studies
demonstrating no publication bias existed.'”'® OR = odds
ratio; SE = standard error.

conservative per patient estimate was used.
Adverse events most commonly consisted of
vomiting and retching (20 patients), followed by
burning sensations (2), hiccups (1), and chest
pain (1). Vomiting events occurred more fre-
quently in the glucagon group (17 of 160
[10.6%] vs 0 of 53 [0%]) but was not statisti-
cally significant (RD 0.07, 95% CI —0.03-0.17,
p=0.19) (Figure 5). Only one study assessed
time to relief of impaction and reported that 3
of 24 (12.5%) patients in the glucagon group
and 1 of 19 (5.3%) patients in the control group
experienced relief within 1 hour of treatment
(RD 0.07, 95% CI —0.09-0.24, p=0.39)."

All five studies were at overall low risk of bias
(Tables 2 and 3). For the randomized controlled
trials, one study was at moderate risk of bias
with respect to blinding due to open-label medi-
cation administration if initial treatment failed.'®
Of the retrospective studies, all were at moderate
risk of bias for confounding. One study reported
a significant difference in the rates of esophageal
abnormalities,’” another did not discuss demo-
graphic data between groups or potential

1 = confidence interval; M-H = Mantel-Haenszel.

confounders,'® and one study administered ben-
zodiazepines and nitrogl¥cerin more frequently
to the glucagon group.'” Using the GRADE
approach for assessment of the quality of evi-
dence yielded low certainty for the primary out-
come and moderate certainty for secondary
outcomes. Table 4 provides a GRADE evidence
profile with details of each certainty assessment
category.

Discussion

In this systematic review and meta-analysis,
the efficacy and safety of glucagon for the treat-
ment of acute esophageal foreign bodies and
food impactions was investigated. Glucagon did
not result in improved rates of treatment success
when compared with a control group and
resulted in higher rates of adverse events.

To our knowledge, this is the largest systematic
review and meta-analysis focused on the use of
glucagon for the treatment of acute esophageal
foreign bodies and food impactions. Two prior
systematic reviews were performed on this topic
but were significantly limited by narrow search
strategies resulting in only a small number of
studies and the absence of meta-analysis.*" !
This review differs by including only studies with
a comparator group (e.g., placebo or control),
completion of a pooled meta-analysis, and the use
of a more expansive and updated search strategy
completed in conjunction with a medical librar-
ian. Consequently, it was possible to identify two
additional studies and complete a quantitative
meta-analysis, thereby strengthening the conclu-
sions that may be drawn from the use of gluca-
gon.

Previous studies found that glucagon is effica-
cious in relieving acute esophageal food
bolus,** *> but this meta-analysis does not sup-
port those conclusions. Two observational
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Glucagon Control Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Tibbling 1995 3 24 0 19 36.6% 0.13[-0.03, 0.28] 1995 T
Mehta 2001 5 9 0 5 12.7% 0.56 [0.18, 0.94] 2001
Bodkin 2016 16 127 0 29 50.7% 0.13[0.05, 0.20] 2016 5
Total (95% Cl) 160 53 100.0% 0.18 [0.03, 0.33] L
Total events 24 0

ity 2= : Chiz = = = ' |2 = 629 I t t {
Heterogeneity: Tau? = 0.01; Chi? = 5.30, df = 2 (P = 0.07); 1= 62% o 05 0 05 1

Test for overall effect: Z = 2.31 (P = 0.02) Favors [Control] Favors [Glucagon]

Figure 4. Forest plot demonstrating significantly greater rates of adverse events with glucagon compared with control for
treatment of acute esophageal foreign body and food impactions.'> '® ' CI = confidence interval; M-H = Mantel-Haenszel.

Glucagon Control Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Tibbling 1995 0 24 0 19 43.2% 0.00 [-0.09, 0.09] 1995
Mehta 2001 1 9 0 5 9.5% 0.11[-0.20, 0.42] 2001 I R —
Bodkin 2016 16 127 0 29 47.4% 0.13[0.05, 0.20] 2016 i
Total (95% Cl) 160 53 100.0% 0.07 [-0.03, 0.17] <
Total events 17 0

ity 2= : Chiz = = = - |2 = 599 I t t {
Heterogeneity: Tau? = 0.00; Chi? = 4.94, df = 2 (P = 0.08); 1> = 59% o 05 0 05 1

Test for overall effect: Z = 1.32 (P = 0.19) Favors [Control] Favors [Glucagon]

Figure 5. Forest diagram demonstrating no difference in rates of vomiting with glucagon compared with control for

treatment of acute esophageal foreign body and food impactions.'> '® ' CI = confidence interval; M-H = Mantel-Haenszel.

Table 2. Assessment of Study Quality for Randomized Controlled Trials

Blinding of Blinding of

Random sequence Allocation Selective Other participants outcome Incomplete
generation concealment reporting bias and personnel assessment outcome data
o L L L L L L L
' L L L L M L L

L = low risk of bias; M = moderate risk of bias.

Table 3. Assessment of Study Quality for Retrospective Studies

Departures from

Selection of ~ Measurement of intended Missing ~ Measurement of Selection of
Confounding  participants interventions interventions data outcomes reported results
7 M L L L L L L
e M L L L L L L
' M L L L L L L

L = low risk of bias; M = moderate risk of bias.

studies reported high efficacy rates of 69-75%
for relief of obstructions.”” ** However, the
studies were limited by small sample sizes of
1648 patients. Two additional studies, one
observational and one retrospective, reported
efficacy rates of 32.8% and 37%, and the authors
concluded glucagon was a reasonable medical
therapy for esophageal foreign bodies.”> *> In
contrast, one study reported an efficacy rate of
32.6% and concluded glucagon lacked any
advantage over placebo.?® In the studies just
mentioned, the judgment of efficacy was subjec-
tive and without a control group for compari-
son. This pooled analysis reports that an efficacy
rate of 30.2% with glucagon does not differ from
control (33.0%).

For a number of reasons, glucagon may be
tried as a medical therapy but ultimately may
result in treatment failure. Most patients pre-
senting with esophageal impaction require
urgent endoscopic intervention over the pro-
ceeding 24 hours.” The available time to prepare
for endoscopic intervention, combined with glu-
cagon’s immediate onset of action (45 sec),
makes glucagon an attractive option to consider.
Furthermore, glucagon’s short duration of action
(25 min) allows for rapid assessment of treat-
ment response. Given the previously mentioned
pharmacokinetics of glucagon, studies included
in this analysis logically assessed treatment suc-
cess at appropriate time points. Next, glucagon’s
mechanism of action includes reduction of lower
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affected by the duration of time between ingestion
and treatment,'® % included studies did not con-
trol for time to treatment that may have influ-
enced the outcomes. Nonetheless, the large
sample size and similar probability of occurrence
between groups make this less likely. Moreover,
although we found a greater risk of adverse events
with glucagon when compared with placebo, only
three studies reported adverse events, and none
were adequately powered for this outcome.
Finally, no formal cost analysis was completed in
this systematic review. Providers should consider
the influence of cost on this intervention, given
the increasing cost of glucagon to an average
wholesale price of ~$330 per 1-mg dose.
Although the results of this review suggest that
glucagon does not significantly improve outcomes
for esophageal foreign body impaction, more ran-
domized controlled studies are needed to better
assess the efficacy of this intervention. Further
studies should control for concomitant medication
administration, evaluate different dosing strategies
of glucagon, and quantify adverse events associ-
ated with glucagon, as well as the subsequent
management of adverse events. Lastly, more data
are needed to delineate the true efficacy in certain
subgroups including those with or without eso-
phageal abnormalities and pediatric populations.

Conclusion

Glucagon was not associated with a difference
in treatment success but had a higher rate of
adverse events. This study does not support the
use of glucagon for the treatment of esophageal
foreign body and food impaction. Further con-
trolled studies with adequate power to assess
adverse events are needed to confirm the efficacy
of glucagon.
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APPENDIX

PubMed

((“Esophagus”[Mesh] OR Esophag* OR oeso-
phag* OR “Esophageal Diseases”[Mesh])) AND

((coin OR coins) OR “steakhouse syndrome” OR
webs OR “Foreign Bodies”[Mesh] OR “Foreign
Body” OR motility OR “food bolus” OR impact*
OR obstruct*) AND ((glucagon OR glucagon)
OR “Glucagon”[Mesh])

Scopus

(( esophag* OR oesophag* ) AND ( glucagon
OR glucagen ) AND ( coin OR coins ) OR
“steakhouse syndrome” OR webs OR “Foreign
Body” OR “Foreign Bodies” OR motility OR
“food bolus” OR impaction OR obstruction )

CINAHL, LILACS, Cochrane Central Register of
Controlled Trials, and Cochrane Database of
Systematic Reviews

(( esophag® OR oesophag* ) AND ( glucagon
OR glucagen ) AND (( coin OR coins ) OR
“steakhouse syndrome” OR webs OR “Foreign
Body” OR “Foreign Bodies” OR motility OR
“food bolus” OR impaction OR obstruction ))



