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Obijectives: Although phytobezoars are the most common type of gastric bezoar, a standard-
ized treatment method has not been adopted. Methods: In this study, we evaluated patient
clinical features and treatment outcomes following the use of different treatment methods,
with a focus on the efficacy of carbonated beverage consumption. A review of medical charts
and endoscopic reports revealed 15 cases of gastric phytobezoars from September 2008 to May
2016. Patient medical records were retrospectively reviewed to assess patient clinical characteris-
tics and treatment results. Results: The mean patient age was 71.3£11.1 years. The most com-
mon symptoms were epigastric pain (46.7%) and bloating (40.0%). A history of intra-abdomi-
nal surgery was found in 26.7% of the patients. The mean bezoar size was 47.3+14.5 mm. The
final successful treatment methods were consumption of a carbonated beverage alone (n=7,
46.7%), endoscopic removal (n=5, 33.3%), and surgery (n=3, 20.0%). During the treatment
course, few patients (3/15, 20.0%) experienced small bowel obstructions after the consump-
tion of the carbonated beverage and endoscopic fragmentation; these obstructions required
surgical interventions. There was no significant difference in the baseline characteristics be-
tween patients successfully or unsuccessfully treated with the carbonated beverage. Conclu-
sions: Most patients presenting with gastric phytobezoars can be successfully treated by con-
suming carbonated beverages in conjunction with endoscopic therapy. However, small bowel
obstructions may occur due to the migration of a fragmented bezoar, necessitating surgical
intervention.

Keywords Bezoar; Phytobezoar; Endoscopy; Carbonated beverage.

INTRODUCTION

A bezoar is a conglomeration of indigestible materials with-
in the gastrointestinal tract, resulting from the accidental inges-
tion of various substances. The incidence of gastric bezoars re-
ported in endoscopic examinations ranges from 0.43%-0.68%."
Although bezoars can be found in any part of the gastrointes-

tinal tract, the stomach is the most commonly affected site.
Most gastric bezoars are dissolved and discharged without treat-
ment. However, they can occasionally cause gastric ulceration
and bleeding,’ and can also migrate to the small intestine and
cause mechanical obstructions. Bezoars represent a rare cause
of small bowel obstruction; among patients surgically treated
for mechanical small bowel obstruction, 0.8% of cases were
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associated with bezoars. Therefore, removal of gastric bezoars
should be considered in cases of large bezoars (>3 cm) or in
symptomatic patients.>

Although the majority of gastric bezoars comprise plant
materials, such as fibers, skins, or seeds of vegetables and fruits
(phytobezoars), ingested hair (trichobezoar), medications (phar-
macobezoar formation due to bulk-forming laxatives, extend-
ed-release tablets, or enteric-coating drugs), and other ingested
foreign bodies may also result in gastric bezoars.”” The pri-
mary predisposing factor for gastric bezoars is delayed gastric
emptying. Gastric dysmotility and reduced acid secretion may
induce gastric bezoar formation. Conditions associated with
gastric dysmotility or decreased gastric acid secretion include
previous gastric resection, vagotomy, peptic ulcer disease, ad-
vanced age, Crohn disease, and diabetic neuropathy.** More-
over, there have been reports indicating that certain ingested
materials are more prone to cause bezoars.*"?

Unfortunately, a standardized method for treating gastric
phytobezoars has not been adopted. Surgical removal should
be attempted in cases with complications such as massive gas-
trointestinal bleeding or gastrointestinal obstruction. However,
outside of emergency situations, chemical lysis using carbon-
ated beverages, proteolytic enzymes, and cellulases has been
employed, either alone or in conjunction with endoscopic be-
zoar removal.>'*'¢ In this study, we reviewed the clinical out-
comes and safety of various gastric phytobezoar treatment
methods, particularly the consumption of carbonated bever-
ages prior to therapeutic endoscopy.

METHODS

Patients
A review of medical records and endoscopic reports revealed

Gastric phytobezoars (n=15),
retrospectively enrolled between September 2008 and May 2016

Drinking carbonated beverage for 24 hours to 48 hours (n=15)

Disappeared (n=7)

Remnant bezoars (n=8)

’—1

[ |
« Endoscopic removal by net
(n=1)
« Electrohydraulic lithotripsy
(EHL) (n=1)
« Fragmentation by snare (n=3)

« Surgery due to small bowel
obstruction (n=3)

Fig. 1. Flowchart of the course of the study and the treatment of
gastric phytobezoars.
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15 patients with gastric phytobezoars who were admitted to
Pusan National University Yangsan Hospital, South Korea be-
tween September 2008 and May 2016. The data were analyzed
retrospectively (Fig. 1). This study was reviewed and approved
by the Institutional Review Board of Pusan National Univer-
sity Yangsan Hospital. The requirement for written informed
consent was waived due to the retrospective nature of this study.

Treatment method

All gastric phytobezoars were diagnosed following endo-
scopic examinations. Abdominal computed tomography (CT)
was performed to exclude intestinal obstructions in patients
with abdominal pain and vomiting. Surgical removal was rec-
ommended for patients who initially presented with symp-
toms of small bowel obstruction. For patients with gastric phy-
tobezoars, without evidence of intestinal obstruction, chemical
dissolution through carbonated beverage consumption (Coca-
Cola) was initially attempted. Patients eligible for chemical dis-
solution were instructed to drink carbonated beverages (Coca-
Cola, 1.5-3 L/day) for 1-2 days.

Each patient underwent repeat endoscopy after consuming
the carbonated beverage. If the patient was initially examined
in the emergency department, endoscopy was performed dai-
ly, except on holidays, until the gastric bezoar resolved. If the
initial visit was an outpatient visit, follow-up endoscopy was
performed at 1-2 week intervals.

If the phytobezoars remained in the stomach, endoscopic
removal of the bezoar was attempted using various endoscopic
devices, including electrohydraulic lithotripsy and net and pol-
ypectomy snares (Fig. 2). If the endoscopic maneuvers failed
to remove the bezoars or if the patient’s symptoms worsened,
the bezoars were surgically removed. If the gastric bezoars dis-
appeared after carbonated beverage consumption, without
endoscopic treatment or complications, the patient was in-
cluded in the successful carbonated beverage treatment group.
However, if a patient required endoscopic or surgical removal
of a small bowel obstruction due to a migrated bezoar, the pa-
tient was included in the carbonated beverage treatment fail-
ure group.

To identify factors associated with treatment outcomes, we
retrospectively examined patients’ sex, age at diagnosis, his-
tory of intra-abdominal surgery, symptoms, complications,
and modalities used to treat the bezoars. The bezoar size was
determined using endoscopic imaging, CT, or by measuring
extracted specimens. After successful treatment, regular endo-
scopic follow-ups were recommended for all patients. The first
endoscopic examination was scheduled two months after suc-
cessful treatment. Thereafter, endoscopic examinations were
scheduled annually in the absence of recurrence.



Statistical analysis

The data underwent retrospective univariate analysis using
the chi-squared test or Fisher’s exact test for categorical vari-
ables and the Student’s t-test for continuous variables. A p-
value <0.05 was considered statistically significant. Statistical
analyses were performed using SPSS (Version 21.0; IBM Corp.,
Armonk, NY, USA).

RESULTS

Characteristics of patients and bezoars
A total of 15 patients with gastric phytobezoars were includ-
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ed in this study. The mean age of the patients was 71.3+11.1
years, and the patients were predominantly female (8/15, 53.3%).
The mean bezoar size was 47.3+14.5 mm. The most prevalent
symptoms were epigastric pain (7/15 patients, 46.7%) and bloat-
ing (6/15 patients, 40.0%). A history of intra-abdominal surgery
was identified in 4/15 (26.7%) of the patients (Tables 1 and 2).

Treatment outcomes

A flowchart depicting the course of the study is shown in
Fig. 1. The treatment methods were as follows: drinking the
carbonated beverage alone (n=7, 46.7%) and drinking the car-
bonated beverage in conjunction with endoscopic fragmen-

gastric antrum. C: Performance of the electrohydraulic lithotripsy procedure. D: A hole observed after electrohydraulic lithotripsy. E: Fragmenta-
tion of the bezoar was performed using polypectomy snares. F: Visualization of the fragments. G: A hard bezoar observed before Coca-Cola
administration. H: Direct injection of Coca-Cola into the bezoar. I: Softening of the bezoar following Coca-Cola infusion, facilitating subsequent
crushing.
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Table 2. Analysis of baseline characteristics of patients with phy-
tobezoars

Characteristics Value (n=15)

Age (yr) 71.3+11.1
Sex, male 7 (46.7)
Symptoms

Bloating 6 (40.0)

Epigastric pain 7 (46.7)

Vomiting 1(6.7)

Nothing 1(6.7)
Past history of intra-abdominal surgery

Nothing 11 (73.3)

Subtotal gastrectomy Billroth II 1(6.7)

Appendectomy 1(6.7)

Ivor-Lewis operation 1(6.7)

Primary repair due to duodenal ulcer perforation 1 (6.7)
Bezoar size (mm) 47.3+14.5
Diabetes mellitus 2(13.3)
Hypertension 2(13.3)
Comorbid malignancy 2(13.3)
Liver cirrhosis 2(13.3)
Cerebral infarction 1(6.7)

Data are presented as meantstandard deviation or n (%).

Table 3. Outcomes of gastric phytobezoar treatments

Value (n=15)

Carbonated beverage dinking and spontaneous 7 (46.7)
removal

Endoscopic removal with carbonated beverage 5(33.3)
drinking

Surgical removal due to small bowel obstruction 3(20.0)

Endoscopic treatment time (min) 40.0+24.7

Follow-up period (month) 12 (12-47)

Data are presented as meantstandard deviation, n (%), or mean
(range).

tation and removal (n=5, 33.3%). Three patients (n=3, 20.0%)
experienced small bowel obstructions that were treated sur-
gically (Table 3). All cases of small bowel obstruction were at-
tributed to migrating gastric bezoars following carbonated bev-
erage consumption, with or without endoscopic fragmentation.

The group that was successfully treated with the carbonat-
ed beverage had a gastric and duodenal ulcer prevalence of
57.2% (n=4), compared to 100% (n=38) of the patients in the
group that was not successfully treated with the carbonated
beverage. A comparison of the baseline characteristics between
the carbonated beverage treatment success and failure groups
revealed no statistically significant differences (Table 4). There
is some concern that carbonated beverages may increase acid-
ity in the digestive tract; however, no serious complications,
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such as ulcer bleeding, have been observed in patients with

peptic ulcers who consume carbonated beverages.'”'*

DISCUSSION

Gastric bezoars are rarely encountered clinically, but when
encountered, phytobezoars are the most common. Phytobe-
zoars are formed from indigestible food materials, such as cel-
ery, pumpkins, grape skins, prunes, raisins, and persimmons.
In particular, persimmon phytobezoars are challenging to treat
due to their hardness compared with other types of phytobe-
zoars."”

Gastric phytobezoars may be encountered incidentally dur-
ing routine endoscopies or as a result of an endoscopic exam-
ination of a symptomatic patients. However, the optimal treat-
ment approach remains uncertain due to a lack of a consensus
regarding the most effective treatment method. For small gas-
tric bezoars, a conservative observational approach may be
appropriate because spontaneous passage or dissolution may
occur. However, additional treatment modalities may be nec-
essary for gastric bezoars that present symptomatically or are
associated with peptic ulceration. In the present study, gastric
and duodenal ulcerations were identified in 53.3% (8/15) and
26.7% (4/15) of the cases, respectively. A total of 93.3% of pa-
tients exhibited symptoms, including bloating, epigastric pain,
and nausea.

To date, the following treatment methods have been iden-
tified for phytobezoars. Chemical dissolution, using carbon-
ated beverages or enzymes such as papain and cellulase, is a
common treatment method for phytobezoars. In recent years,
several studies have been conducted on the use of carbonated
beverages for the dissolution of gastric phytobezoars.»'*** In
the present study, we used Coca-Cola as the therapeutic car-
bonated beverage. Here, 46.7% of the patients with gastric phy-
tobezoars experienced spontaneous resolution after drinking
the carbonated beverage over a 24-48-hour period. More than
half of the patients with gastric bezoars that persisted after the
consumption of the carbonated beverage (n=_8) were success-
fully treated with additional endoscopic procedures (n=>5). In-
cluding patients treated with the carbonated beverage alone
(n=7, 46.7%) and with an additional endoscopic therapy (n=5,
33.3%), 80% of the patients (n=12) were successfully treated.

Previous studies have demonstrated that the resolution rate
of phytobezoars using carbonated beverages, with or without
endoscopic maneuvers, was 84.0%-91.3%." However, during
treatment with carbonated beverages that dissolve phytobe-
zoars, migration of small or fragmented bezoars may cause
small bowel obstruction. In the present study, small bowel ob-
structions occurred in 20.0% (n=3) of the patients who con-
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Table 4. Comparison between carbonated beverage treatment success and failure groups

Carbonated beverage treatment Carbonated beverage treatment

Total (n=15) p-value

success group (n=7)

Age (yr) 66.0+10.2
Bezoar size (mm) 42.149.1
Number of bezoar 1.1+0.4
Persimmon bezoar 0(0)
Male 3(42.9)
Symptoms
Nothing 1(14.3)
Bloating 3(42.9)
Epigastric pain 3(42.9)
Vomiting 0(0)
History of intra-abdominal operation 2(28.6)
Gastric ulcer 2(28.6)
Duodenal ulcer 2(28.6)
Diabetes mellitus 0(0)
Hypertension 1(14.3)
Comorbid malignancy 1(14.3)
Liver cirrhosis 1(14.3)
Cerebral infarction 0(0)

failure group (n=8)

76.0+10.2 71.3+11.1 0.080
51.9+17.3 47.3+14.5 0.206
1.4+0.7 1.3+0.6 0.470
1(12.5) 1(12.5)
4(50.0) 7 (46.7) 0.782
0.555
0(0) 1(6.7)
3(37.5) 6 (40.0)
4(50.0) 7 (46.7)
1(12.5) 1(6.7)
2(25.0) 4(26.7) 0.876
6 (75.0) 8(53.3) 0.072
2(25.0) 4(26.7) 0.876
2(25.0) 2(13.3) 0.155
1(12.5) 2(13.3) 0.919
1(12.5) 2(13.3) 0.919
1(12.5) 2(13.3) 0.919
1(12.5) 1(6.7) 0.333

Data are presented as mean+standard deviation or n (%).

sumed carbonated beverages. The use of carbonated bever-
ages as a treatment for phytobezoars was first introduced in
2002 by Ladas et al."**' Following the publication of the initial
study report, numerous subsequent studies have demonstrat-
ed the efficacy of carbonated beverages for the treatment of
gastric phytobezoars.>'** In addition to carbonated beverag-
es, chemical dissolution agents, such as papain and cellulase,
can also be used. Papain, a proteolytic enzyme extracted from
Carica papaya, hydrolyzes a wide variety of proteins. A recent
study showed that papain was effective in the treatment of
proteinaceous esophageal food impaction without complica-
tions.”> However, esophageal perforation, aspiration pneumo-
nitis, and hemorrhagic pulmonary edema have been reported
as potential complications associated with the use of proteo-
lytic enzymes.” Although the exact mechanism is unknown,
these complications are suspected to arise due to the non-tar-
get action of such proteolytic enzymes.**** Another useful en-
zyme is cellulase, which degrades the cellulose that is abun-
dant in vegetables and fruits; therefore, it may be useful for
phytobezoar treatment."” Additionally, there are also reports
of the use of acetylcysteine to treat bezoars, although the liter-
ature on it is limited.”?*

Although the exact mechanism of action of carbonated bev-
erages is not fully understood, the actions of its ingredients
are likely contributory: sodium bicarbonate is mucolytic, car-
bonic and phosphoric acids have an acidifying effect, and car-
bon dioxide bubbles penetrate the bezoar through microscopic
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pores."!? A recent in vitro study reported on the dissolution of
phytobezoars by chemical dissolution agents. The study showed
that chemical dissolution agents (Coca-Cola, papain, and cel-
lulase) were more effective at dissolving phytobezoars than
the control (water). Further, Coca-Cola was more effective
than papain and cellulase.” If a phytobezoar is resistant to the
aforementioned chemical dissolution methods, endoscopic
fragmentation and removal may be considered. Despite the
favorable factors associated with the use of carbonated bever-
age dissolution (ease, cost, and effectiveness), clinicians should
be aware of the possibility of small bowel obstruction due to the
migration of fragments of or the whole gastric bezoars, which
can occur up to six weeks after migration from the stomach."
Consequently, patients should be meticulously monitored for
symptoms indicative of small bowel obstruction, such as vom-
iting and abdominal discomfort, throughout the follow-up pe-
riod. In cases where such symptoms manifest, CT should be
performed.

In the present study, small bowel obstruction occurred in
20.0% (n=3) of the patients following carbonated beverage ther-
apy. Various methods can be employed for endoscopic frag-
mentation, including the use of endoscopic forceps, polypec-
tomy snares, water jets, neodymium:yttrium-aluminum-garnet
lasers, extracorporeal shockwave lithotripsy, and endoscopi-
cally guided electrohydraulic lithotripsy. Endoscopic treatment
of bezoars is essentially a mechanical crushing process that
can be achieved using a variety of instruments available at the



institution, including forceps, lithotripters, snares, and argon
plasma coagulation.”** Because of the risk of migration, be-
zoar fragments should be removed during the endoscopic pro-
cedure, if possible.

A well-known gastric phytobezoar that is refractory to the
aforementioned treatment modalities is the persimmon be-
zoar. The skin of unripened persimmons contains a high con-
centration of tannins that react with gastric acid, and then
polymerize to form a conglomeration in which cellulose, hemi-
cellulose, and various proteins accumulate.” In this study, only
one patient was diagnosed with a persimmon gastric bezoar.

In general, delayed gastric emptying, with or without de-
creased gastric acid secretion, is the mechanism of gastric be-
zoar formation. A variety of conditions may be predisposing
factors, including certain ingested materials such as persim-
mons, advanced age, diabetic neuropathy, prior gastrectomy
history, Crohn disease, gastrointestinal malignancy, dehydra-
tion, hypothyroidism, and the use of medications (such as an-
ticholinergics and narcotics).»®® In the present study, most pa-
tients were of older age, with a mean age of 71.3 years, and 26.7%
of the patients (n=4) had a history of intra-abdominal surgery.

We compared the carbonated beverage treatment success
and failure groups to evaluate the factors that increased the
risk of treatment failure. Although, there was no significant
difference between the two groups, the patients who failed the
carbonated beverage treatment were older (76.0 years vs. 66.0
years) with larger bezoar sizes (51.9 mm vs. 42.1 mm) than the
successful treatment group’s patients. In our study, one patient
with a bezoar was asymptomatic (the bezoar was identified
during a routine health screening examination), demonstrat-
ing that gastric phytobezoars can be observed in asymptom-
atic patients. However, most patients were symptomatic, with
the most common symptoms being epigastric pain (n=7) and
bloating (n=6). Several methods, including endoscopy and CT,
can be used to diagnose gastrointestinal bezoars. Endoscopy
may be the most useful diagnostic method because it allows
direct visualization. In CT images, a phytobezoar can be iden-
tified as a round mass containing air bubbles. Furthermore,
CT is an essential imaging modality, especially when surgery
is considered, as it permits visualization of the obstructed seg-
ment of the bowel and identification of multiple bezoars.**

This study had several limitations. First, it was conducted
retrospectively in a single center and included a small number
of cases. Furthermore, we could not evaluate recurrence rates,
as the majority of the patients did not adhere to the recom-
mended follow-up examinations or hospital visits. The relapse
rate has been reported to be as high as 14%, especially in pa-
tients with psychiatric conditions or gastrointestinal dysmotil-
ity.*® In this study, although only four patients (26.7%) returned
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for follow-up visits; there was no evidence of recurrence dur-
ing the 12-35 months following successful treatment.

To prevent the recurrence of gastrointestinal phytobezoars,
we recommend not consuming stringy vegetables or persim-
mons and instructed the patients to chew their food thorough-
ly. Prokinetics such as erythromycin may be used in patients
with gastric dysmotility.

In conclusion, this study demonstrated that 80% of patients
with gastric phytobezoars were successfully treated with car-
bonated beverages alone or in conjunction with additional
endoscopic management. However, small bowel obstructions
occurred in 20% of the patients due to the migration of a frag-
mented bezoar. Given the potential for bezoar migration and
subsequent complications, clinicians should educate patients
about the possibility of bowel obstructions before recommend-
ing carbonated beverage treatment, with or without endoscopic
treatment. During endoscopic procedures, the fragmented be-
zoars should be removed, if possible.
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