J §

World Journal of
Gastrointestinal Surgery

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4240/ wjgs.v8.i9.651

World | Gastrointest Surg 2016 September 27; 8(9): 651-655
ISSN 1948-9366 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study

Barium appendicitis: A single institution review in Japan

Hideki Katagiri, Alan Kawarai Lefor, Tadao Kubota, Ken Mizokami

Hideki Katagiri, Tadao Kubota, Ken Mizokami, Department of
Surgery, Tokyo Bay Urayasu Ichikawa Medical Center, Urayasu
city, Chiba 279-0001, Japan

Alan Kawarai Lefor, Department of Surgery, Jichi Medical
University, Shimotsuke, Tochigi 329-0498, Japan

Author contributions: Katagiri H and Lefor AK were major
contributors in writing manuscript; Katagiri H, Kubota T and
Mizokami K collected and analyzed the data, and designed this
study; all authors read and approved the final manuscript.

Institutional review board statement: The study was reviewed
and approved by the Tokyo Bay Urayasu Ichikawa Medical
Center Institutional Review Board.

Informed consent statement: Written informed consent was
obtained from the patients whose images are used in this study
for publication of this study and accompanying images.

Conflict-of-interest statement: All authors declare that there is
no conflict of interest.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Hideki Katagiri, MD, Department of
Surgery, Tokyo Bay Urayasu Ichikawa Medical Center, 3-4-32,
Todaijima, Urayasu city, Chiba 279-0001,

Japan. x62h20k38@yahoo.co.jp

Telephone: +81-047-3513101

Fax: +81-047-3526237

Received: April 25,2016
Peer-review started: April 26, 2016

Roishidenge ~ WJGS | www.wjgnet.com

First decision: June 16, 2016
Revised: July 8, 2016

Accepted: July 20, 2016

Article in press: July 22,2016
Published online: September 27, 2016

Abstract

AIM
To review clinical experience with barium appendicitis
at a single institution.

METHODS

A retrospective review of patients admitted with a
diagnosis of acute appendicitis, from January 1, 2013
to December 31, 2015 was performed. Age, gender,
computed tomography (CT) scan findings if available,
past history of barium studies, pathology, and the
presence of perforation or the development of compli-
cations were reviewed. If the CT scan revealed high
density material in the appendix, the maximum CT
scan radiodensity of the material is measured in Houn-
sfield units (HU). Barium appendicitis is defined as:
(1) patients diagnosed with acute appendicitis; (2) the
patient has a history of a prior barium study; and (3) the
CT scan shows high density material in the appendix.
Patients who meet all three criteria are considered to
have barium appendicitis.

RESULTS

In total, 396 patients were admitted with the diagnosis
of acute appendicitis in the study period. Of these,
12 patients (3.0%) met the definition of barium app-
endicitis. Of these 12 patients, the median CT scan
radiodensity of material in the appendix was 10000.8
HU, ranging from 3066 to 23423 HU (£ 6288.2). In
contrast, the median CT scan radiodensity of fecaliths
in the appendix, excluding patients with barium appen-
dicitis, was 393.1 HU, ranging from 98 to 2151 HU (%
382.0). The CT scan radiodensity of material in the
appendices of patients with barium appendicitis was
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significantly higher than in patients with nonbarium
fecaliths (P < 0.01).

CONCLUSION

Barium appendicitis is not rare in Japan. Measurement
of the CT scan radiodensity of material in the appendix
may differentiate barium appendicitis from routine app-
endicitis.

Key words: Acute appendicitis; Barium appendicitis;
Barium sulfate; Upper gastrointestinal imaging; Gastric
cancer screening

© The Author(s) 2016. Published by Baishideng Publishing
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Core tip: This is a retrospective study to review clinical
experience with barium appendicitis at a single institution
in Japan. In the three years of study period, 12 patients
(3.0%) were diagnosed as barium appendicitis among
396 patients with acute appendicitis. The computed
tomography (CT) scan radiodensity of material in the
appendices of patients with barium appendicitis was
significantly higher than in patients with nonbarium
fecaliths. Barium appendicitis is not rare in Japan. Mea-
surement of the CT scan radiodensity of material in the
appendix may differentiate barium appendicitis from
routine appendicitis.
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INTRODUCTION

Acute appendicitis is one of the most common surgical
problems encountered in clinical surgical practice. While
the exact etiology of acute appendicitis remains unclear;
an obstruction of the appendiceal lumen can result in
the development of acute appendicitis'™. In Japan, upper
gastrointestinal imaging using barium sulfate is widely
used in mass screening programs for gastric cancer®.
Barium sulfate is not harmful to the intestinal mucosa
and complications after a barium study are considered
to be very rare!*?, Acute appendicitis caused by residual
barium is also thought to be a very rare complication
after a barium study™®. General surgeons in Japan often
encounter patients with acute appendicitis who have
residual barium felt to be the responsible etiologic agent.

We performed a retrospective review of patients
admitted with a diagnosis of acute appendicitis, and speci-
fically reviewed those with acute appendicitis suspected
to be caused by residual barium.

MATERIALS AND METHODS

Tokyo Bay Urayasu Ichikawa Medical Center is a secon-
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dary referral hospital in Chiba prefecture, Japan, providing
acute surgical care. A retrospective analysis was conducted
of patients seen from January 1, 2013 to December 31,
2015. Patients for review were identified based on their
medical records including patients admitted with the
diagnosis of acute appendicitis. Age, gender, computed
tomography (CT) scan findings if available, past history of
barium studies, pathology, and the presence of perforation
or the development of complications were reviewed. If the
CT scan revealed high density material in the appendix,
the maximum CT scan radiodensity of the material is
measured in Hounsfield units (HU).

Barium appendicitis is defined as: (1) patients diag-
nosed with acute appendicitis; (2) the patients have
a history of a prior barium study; and (3) the CT scan
shows high density material in the appendix. Patients
who meet all three criteria are considered to have barium
appendicitis.

Data were analyzed with Fisher’s exact test and
the Mann-Whitney U test. A P-value less than 0.05 is
considered statistically significant.

RESULTS

From January 1, 2013 to December 31, 2015, 396
patients were admitted with the diagnosis of acute
appendicitis, including 210 males and 186 females. The
median age is 37 years, ranging from 5 to 86 years. Of
these, 12 patients (3.0%) met the definition of barium
appendicitis (Table 1, Figure 1), including ten males and
two females, with a median age of 48 years, ranging
from 37 to 62 years. Of these 12 patients, the median
CT scan radiodensity of material in the appendix was
10000.8 HU, ranging from 3066 to 23423 HU (* 6288.2).
According to these data, the CT scan radiodensity of
residual barium is generally higher than 3000 HU. If we
apply this value as a cutoff, we can identify seven more
patients with suspected barium appendicitis based on
CT scan radiodensity alone. According to the medical
records, these seven patients had no definite history of
a preceding barium study, excluding one patient who
specifically denied having a barium study. The median CT
scan radiodensity of fecaliths in the appendix, excluding
patients with barium appendicitis, was 393.1 HU, ranging
from 98 to 2151 HU (% 382.0). The CT scan radiodensity
of material in patients with barium appendicitis was signi-
ficantly higher than patients with non-barium fecaliths (P
< 0.01).

Ten of 12 patients with barium appendicitis under-
went laparoscopic appendectomy urgently. One patient
underwent interval laparoscopic appendectomy after
initially successful non-operative management. In one
patient, there was obvious perforation with abscess
formation and non-operative management was initially
undertaken. Following this, the patient refused interval
appendectomy. The interval from barium study to the
diagnosis of appendicitis was variable, ranging from 2 d
to 10 mo.

The pathological results in patients with barium appen-
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Table 1 Patient characteristics

Katagiri H et a/. Barium appendicitis

Age Gender Maximum CT Perforation Appendix pathology Interval between barium Treatment
density (HU) study and diagnosis
52 M 10243 iz Phlegmonous 8 mo Laparoscopic appendectomy
37 M 23423 - Gangrenous 2d Laparoscopic appendectomy
45 M 6620 - Gangrenous 1mo Laparoscopic appendectomy
49 M 15286 - Phlegmonous 16d Laparoscopic appendectomy
44 M 3066 - Gangrenous 1mo Laparoscopic appendectomy
62 M 18286 1 Gangrenous Not documented Laparoscopic appendectomy
45 M 8192 iz Chronic appendicitis 3 mo Primary non-operative management followed by
interval appendectomy
46 M 11514 - Phlegmonous 10 mo Laparoscopic appendectomy
60 F 3178 - Gangrenous Not documented Laparoscopic appendectomy
44 M 8727 - Gangrenous 3 mo Laparoscopic appendectomy
45 M 7806 - Gangrenous 5 mo Laparoscopic appendectomy
41 E 3669 + N/A 1 mo Non-operative management without interval

appendectomy

M: Male; F: Female; CT: Computed tomography; HU: Hounsfield units; N/ A: Not analyzed.

Figure 1 Abdominal computed tomography scans with axial and coronal views. A and B: High density material is seen inside the swollen appendix (arrows); C
and D: High density material is seen inside the swollen appendix and in the peritoneal cavity with a fluid collection (arrow heads). This strongly suggests a perforated

appendicitis with residual barium.

dicitis are available for 11 patients. Seven patients had
gangrenous appendicitis and three had phlegmonous
appendicitis. One patient, who underwent interval app-
endectomy, had chronic inflammation of the appendix.
The rate of gangrenous appendicitis is 58.3% in patients
with barium appendicitis and 56.4% in patients without
barium appendicitis. The rate of gangrenous appendicitis
is almost the same in patients with typical (unassociated
with barium) appendicitis compared to patients with
barium appendicitis. Four out of 12 patients had a
perforation (33.3%), confirmed by intraoperative or
imaging findings. The perforation rate in patients with
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barium appendicitis was higher than in patients without
barium appendicitis (18.8% in this study), which is not
statistically significant (P = 0.25). Interestingly, although
the rate of gangrenous appendicitis is almost the same in
patients with barium appendicitis and typical appdndicitis
the perforation rate was higher in patients with barium
appendicitis.

DISCUSSION

Barium appendicitis is a rare complication after barium
examinations and was first described by Gubler et af®
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in 1954. Although retained barium in the appendix after
barium studies is very common™”, especially after colon
studies, more than 90% of patients evacuate the barium
within 72 h®**7, The true pathophysiology of barium
appendicitis remains unclear. The true incidence of
barium appendicitis is also unknown because only a few
case reports or small case series have been reported to
date®”.. The time interval between the barium study and
the diagnosis of barium appendicitis in several previous
studies ranges from four hours to four years™®. In the
present study, the range is 10 d to 10 mo. The wide
range of values suggests that retained barium in the
appendix alone does not result in appendicitis. There
would appear to be other factors that contribute to the
development of acute appendicitis.

Acute appendicitis is one of the most common sur-
gical emergencies encountered by general surgeons.
Obstruction of the appendiceal lumen, often due to
a fecalith, lymphoid hyperplasia, or rarely a cecal or
appendiceal tumor, is generally thought to be the cause
of acute appendicitis in many patients'?. Fecaliths
are a cause of obstruction of the appendiceal lumen,
although they are not always found at surgery. Fecaliths
are composed of inspissated stool, mucus with trapped
calcium phosphate and inorganic salts, which finally
obstructs the appendiceal lumen!*®'!, In this study,
fecaliths were identified in 34% of patients with acute
appendicitis based on imaging findings. It is unknown
if the high density material in the appendix in patients
with barium appendicitis is composed of only barium
or if it is combined with other material such as that
found in a fecalith. However, luminal obstruction of the
appendix by residual barium resulted in the development
of acute appendicitis. As mentioned, an additional cause
of barium appendicitis may be a pre-existing fecalith in
the appendix. Fecaliths not only cause appendicitis, but
also are considered to be associated with appendiceal
perforation™ %, In this study, the perforation rate in
patients with barium appendicitis was higher than in
patients without barium appendicitis. Although it is not
statistically significant, this suggests that residual barium
may be a risk factor for appendiceal perforation, similar
to a fecalith. The fact that typical appendicitis has the
same rate of gangrenous inflammation in this study also
supports this hypothesis.

In this study, the CT scan radiodensity of material
in the appendix in patients with barium appendicitis is
significantly higher than that of fecaliths in patients with
typical appendicitis. These data suggest that the CT scan
radiodensity of material in the appendix may differentiate
barium from normal fecaliths. We acknowledge that in
general, not all patients undergo CT scans to establish
the diagnosis of acute appendicitis. However, during the
study period, about 3% of patients presented with acute
appendicitis believed to be caused by residual barium.
Since acute appendicitis is one of the most common
surgical emergencies, and the fact that in Japan, barium
is widely used in studies screening for gastric cancer’”,
we believe that the diagnosis and recognition of barium
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appendicitis as a complication of barium studies is worth-
while, especially in Japan.

According to data reporting the complications after
gastric cancer screening in Japan, the total complication
rate after barium studies is reported to be less than
0.04%"", The most common reported complication after
barium studies was aspiration, followed by allergic reac-
tion and bowel obstruction. There have also been severe
complications reported such as intestinal perforation due
to residual barium™. Interestingly, there were no reports
of barium appendicitis'*®, although barium appendicitis
occurred in 3% of patients with acute appendicitis in this
study. There is an approximate 7% lifetime risk of deve-
loping appendicitis’®, thus, a 3% incidence in patients
with acute appendicitis is a significant number. Since
acute appendicitis is often treated with appendectomy
no matter what the etiology, the true incidence of barium
appendicitis is likely underestimated.

Several limitations are acknowledged in this study.
First, this is a single institution retrospective analysis.
Second, there is no confirmation of what the high den-
sity material in the resected appendices actually was.
Pathological confirmation may support the results of this
study, if it is specifically checked in a prospective study.

In conclusion, barium appendicitis is not rare in Japan.
Measurement of the CT scan radiodensity of material in
the appendix may differentiate barium appendicitis from
routine appendicitis. Since barium is widely used in Japan
for gastric cancer screening, determination of the true
incidence of barium appendicitis is important.

This material was presented in part at the 116™
annual congress of the Japan Surgical Society (April 15"
2016, Osaka, Japan).

COMMENTS

Background

Barium appendicitis is a rare complication of gastrointestinal imaging using
barium sulfate. The true incidence of barium appendicitis is unknown. However,
general surgeons in Japan often encounter patients with acute appendicitis
where the etiology appears to be a barolith in the appendix. The authors review
their clinical experience with barium appendicitis at a single institution in Japan.

Research frontiers

The exact incidence of barium appendicitis is unknown. This study reviews their
experience with appendicitis and the incidence of barium appendicitis among all
patients who presented with acute appendicitis.

Innovations and breakthroughs

Barium appendicitis is thought to be a rare complication of gastrointestinal
imaging. However, this study shows that barium appendicitis represents about
3% of all patients with acute appendicitis.

Applications

Measurement of the computed tomography (CT) scan radiodensity of high
density material in the appendix may help to differentiate barium appendicitis from
typical appendicitis. This may also help elucidate the true incidence of barium
appendicitis in future studies.

Terminology
HU: Hounsfield units.
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Barium appendicitis is a rare clinical condition. Barolith can occur due to post-
examination retained barium in appendix lumen and it can cause appendicitis.
CT definings in this manuscript is well-thought evidence and helps diagnose.
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