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Abstract

Objective: This study aimed to investigate the clinical significance of preoperative hyperbiliru-

binemia in Japanese patients and to assess its clinical potential as a predictor of the severity of

acute appendicitis.

Methods: We studied 318 patients with appendicitis who underwent appendectomy between

July 2010 and June 2017. We analyzed preoperative data including age, sex, white blood cell

count, C-reactive protein (CRP) level, fever, peritoneal irritation signs, and serum total bilirubin

level as potential risk factors for complicated (perforated or gangrenous) appendicitis, using

multivariate analysis.

Results: Complicated appendicitis was significantly more frequent in patients with hyperbiliru-

binemia (>1.1 mg/dL), high CRP level (>0.5 mg/dL), positive peritoneal irritation signs, and fever

(>37.3�C). Multivariate analysis revealed older age (>64 years), hyperbilirubinemia, high CRP

level, and fever (odds ratios 3.36, 1.75, 7.61, and 2.43, respectively) as risk factors for complicated

appendicitis. Multivariate analysis also identified hyperbilirubinemia, high CRP level, and fever

(odds ratios 1.99, 5.90, and 2.72, respectively) as risk factors for complicated appendicitis

among patients aged <65 years.

Conclusions: Hyperbilirubinemia, high CRP level, and fever may be useful predictors of the

severity of acute appendicitis, with hyperbilirubinemia being especially useful among patients aged

<65 years.
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Introduction

Acute appendicitis is one of the most
common abdominal emergencies requiring
emergency surgery, and appendectomy is
the most frequently performed emergency
operation worldwide.1,2 Various scoring sys-
tems, such as the Alvarado score, have been
suggested for appendicitis, based on clinical
features, physical examination, and laborato-
ry data.3 However, the classical symptoms
and signs of appendicitis may sometimes be
absent, making it difficult to reach a definite
diagnosis.4 Given that the delayed diagnosis
and treatment of severe appendicitis is asso-
ciated with increased risks of perforation and
postoperative morbidity, mortality, and hos-
pital stay, there is an urgent need for a pre-
dictor of the severity of acute appendicitis.5

Hyperbilirubinemia not caused by liver
dysfunction or biliary obstruction can be
observed in cases of acute appendicitis.
Although some studies have reported on
the usefulness of hyperbilirubinemia for
assessing acute appendicitis,4,6–10 its clinical
value remains controversial. We therefore
aimed to investigate the clinical significance
of preoperative hyperbilirubinemia in
Japanese patients and to assess its value
hyperbilirubinemia as a predictor of the
severity of acute appendicitis.

Patients and methods

In this retrospective cohort, single-institution
study, we evaluated 318 patients with patho-
logically diagnosed appendicitis who under-
went appendectomy at our institution

between July 2010 and June 2017.
Preoperative patient data included age, sex,
white blood cell (WBC) count, C-reactive
protein (CRP) level, fever, peritoneal irrita-
tion signs, and serum total bilirubin level.

The 318 patients were divided into two
groups based on the pathological grade of
acute appendicitis used in Japan:11 compli-
cated appendicitis (perforated or gangre-
nous appendicitis) and simple appendicitis
(phlegmonous or catarrhal appendicitis).
We compared preoperative clinical factors
between these two groups and analyzed the
risk factors for complicated appendicitis by
multivariate analysis.

We set cut-off scores for WBC count,
CRP level, fever, and total serum bilirubin
level at 11,000/lL, 0.5 mg/dL, 37.3�C, and
1.1 mg/dL, respectively, based on previ-
ous reports.3,7,8

Statistical analysis

Statistical analysis was carried out using
PASW Statistics for Windows, Version 18
(SPSS Inc., Chicago, IL, USA).
Clinicopathological characteristics were
compared between the two groups using
v2 or t-tests. Multivariate analysis was car-
ried out by binomial logistic analyses, with
adjustments for variables significant in uni-
variate analysis. Statistical significance was
defined as P< 0.05.

Ethical considerations

The study protocol was approved by
the Institutional Review Board of the
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National Hospital Organization Fukuyama

Medical Center (Hiroshima, Japan). All

study procedures were performed in accor-

dance with the guidelines of the Declaration

of Helsinki, and all study subjects gave

written informed consent to participate.

Results

The mean age of the patients was 45.0

(range, 14–94) years, and 136 of the patients

were male. The mean WBC count was

12,015/lL (range, 1000–35,300/lL), mean

CRP level was 5.92 (range, 0–39.2) mg/dL,

and mean serum total bilirubin level was 1.1

(range, 0.3–4.5) mg/dL. Thirty-seven

patients (11.6%) had perforated appendici-

tis, 97 (30.5%) had gangrenous, 148

(46.5%) had phlegmonous, and 36

(11.3%) had catarrhal appendicitis.

Moreover, 179 patients (56.3%) had high

WBC counts (>11,000/lL), 245 (77.0%)

had high CRP levels (>0.5 mg/dL),

125 (39.3%) had hyperbilirubinemia

(>1.1mg/dL), 133 (41.8%) had fever

(>37.3�C), and 194 (61.0%) had positive

peritoneal irritation signs.
Complicated appendicitis was signifi-

cantly more frequent in older patients

(P¼ 0.019), patients with hyperbilirubine-

mia (P¼ 0.014), high CRP level

(P< 0.001), positive peritoneal irritation

signs (P¼ 0.017), and fever (P< 0.001)

(Table 1). Multivariate analysis revealed

older age (>64 years) (P< 0.001), high

CRP level (P< 0.001), hyperbilirubinemia

(P< 0.038), and fever (P¼ 0.001) as risk

factors for complicated appendicitis

(Table 2).
Among younger patients (age <65

years), complicated appendicitis was signif-

icantly more common in patients with

hyperbilirubinemia (P¼ 0.003), high CRP

level (P< 0.001), positive peritoneal irrita-

tion signs (P¼ 0.034), and fever (P< 0.001)

(Table 3). Multivariate analysis identified

hyperbilirubinemia (P¼ 0.017), high CRP

level (P< 0.001), and fever (P¼ 0.001) as

risk factors for complicated appendicitis in

these patients (Table 4).

Discussion

Acute appendicitis is a common cause of

abdominal pain in the emergency depart-

ment, with a prevalence of 7–22 per

10,000 people.12,13 Although simple appen-

dicitis (phlegmonous or catarrhal) can be

Table 1. Characteristics and preoperative parameters in patients with complicated (perforated or gan-
grenous) and simple (phlegmonous or catarrhal) appendicitis.

Complicated

appendicitis (n¼ 134)

Simple appendicitis

(n¼ 184) P value

Age (years) 52.4 39.6 0.019

Sex (male:female) 66 : 68 70 : 114 0.046

WBC 12,661/lL 11,545/lL 0.067

>11,000/lL 98 (73.1%) 81 (44.0%) 0.202

CRP 9.87 mg/dL 3.04 mg/dL <0.001

>0.5 mg/dL 127 (94.8%) 118 (64.1%) <0.001

T-Bil 1.18 mg/dL 1.03 mg/dL 0.07

>1.1 mg/dL 63 (47.0%) 62 (33.7%) 0.014

Fever >37.3�C 75 (56.0%) 58 (31.5%) <0.001

Peritoneal irritation signs 92 (68.7%) 102 (55.4%) 0.017

Values given as mean values. CRP, C-reactive protein; WBC, white blood cell; T-Bil, total bilirubin.
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cured by appendectomy, complicated
appendicitis (perforated or gangrenous)
may cause complications such as bacterial
peritonitis, urinary disorders, small bowel

obstruction, or intra-abdominal abscess
formation. These complications may
become life-threatening, thus highlighting
the need for a correct diagnosis and early

Table 2. Univariate and multivariate analyses in all patients.

Univariate analysis Multivariate analysis

OR 95% CI OR 95% CI

Age (>64 years) 3.42 1.908–6.138 3.36 1.74–6.48

Male sex 0.633 0.403–0.993

High CRP (>0.5 mg/dL) 10.148 4.477–23.004 7.61 3.257–17.757

Hyperbilirubinemia (>1.1 mg/dL) 1.771 1.121–2.798 1.75 1.031–2.959

Fever (>37.3�C) 2.762 1.741–4.381 2.43 1.449–4.057

Peritoneal irritation signs 1.761 1.104–2.808

CI, confidence interval; CRP, C-reactive protein; OR, odds ratio.

Table 3. Characteristics and preoperative parameters in younger patients (<65 years) with complicated
and simple appendicitis.

Complicated

appendicitis (n¼ 93)

Simple appendicitis

(n¼ 163) P value

Age (years) 41.4 34.9 0.066

Sex (male:female) 43 : 50 63 : 100 0.236

WBC 13,278/lL 11,821/lL 0.290

>11,000/lL 62 (66.7%) 91 (55.8%) 0.089

CRP 9.34 mg/dL 2.79 mg/dL <0.001

>0.5 mg/dL 86 (92.5%) 103 (63.2%) <0.001

T-Bil 1.24 mg/dL 1.04 mg/dL 0.10

>1.1 mg/dL 50 (53.8%) 57 (35.0%) 0.003

Fever >37.3�C 55 (59.1%) 51 (31.3%) <0.001

Peritoneal irritation sign 65 (69.9%) 92 (56.4%) 0.034

Values given as mean values. CRP, C-reactive protein; T-Bil, total bilirubin; WBC, white blood cell.

Table 4. Univariate and multivariate analyses in younger patients (<65 years).

Univariate analysis Multivariate analysis

OR 95% CI OR 95% CI

High CRP (<0.5 mg/dL) 7.157 3.11–16.47 5.90 2.494–13.976

Hyperbilirubinemia (<1.1 mg/dL) 2.214 1.31–3.73 1.99 1.13–3.502

Fever (>37.3�C) 3.179 1.872–5.398 2.72 1.543–4.782

Peritoneal irritation signs 1.792 1.043–3.076

CI, confidence interval; CRP, C-reactive protein; OR, odds ratio.
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treatment.5,6 However, the varied symptom
patterns mean that it may be difficult to
reach a definite diagnosis and, especially
in asymptomatic cases, most physicians
are required to carry out observation and
re-evaluation, resulting in prolonged hospi-
tal stay and delayed definitive treatment,
potentially leading to perforation.9 Despite
the increase in diagnostic modalities such as
ultrasonography and computed tomogra-
phy, the rates of appendicitis misdiagnosis
(15%) and appendiceal rupture have
remained constant.14

The association between hyperbilirubine-
mia and appendicitis has been examined
over the last decade. Hyperbilirubinemia
occurs in systemic infections from various
disease, including general peritonitis and
sepsis,15,16 and several mechanisms leading
to hyperbilirubinemia in systemic infection
have been described. Several bacterial infec-
tions have been demonstrated to induce
cholestasis,16–18 and Escherichia coli and
Bacteroides fragilis are most common pri-
mary causative organisms of appendicitis.7

E. coli endotoxins cause dose-dependent
cholestasis,19 and E. coli can also cause
erythrocyte hemolysis, which increases the
bilirubin load.20 Furthermore, severe
inflammation, as in complicated appendici-
tis, can cause edema of the intestine and
intestinal hypomotility, which can also
induce cholestasis in patients with compli-
cated appendicitis. These mechanisms may
thus lead to hyperbilirubinemia in cases of
acute appendicitis.

Hyperbilirubinemia has previously
been reported as a predictive factor of
appendicitis. Svinc et al.10 reported that
hyperbilirubinemia (>1.0mg/dL) and
high neutrophil-to-lymphocyte ratio (>4.8)
were significantly associated with
perforated appendicitis among 3392 cases
(odds ratios 2.6 and 2.6, respectively).
Furthermore, Eren et al.6 found that high
CRP (>0.5mg/dL) and hyperbilirubinemia
(>1.2mg/dL) were associated with

gangrenous or perforated appendicitis in a

study of 162 patients. In Japan, Nomura

et al.7 identified hyperbilirubinemia as a

risk factor for gangrenous appendicitis

among 410 patients (odds ratio 1.7919).
In the present study, multivariate analy-

sis identified older age, high CRP level,

hyperbilirubinemia, and fever as risk fac-

tors for complicated appendicitis overall,

while hyperbilirubinemia, high CRP level,

and fever were risk factors for complicated

appendicitis in younger patients. Previous

studies have not focused on younger

patients; however, systemic functional

reserve is more frequently lacking in older

patients, potentially leading to many false-

positives, and hyperbilirubinemia may thus

be a more useful indicator in younger com-

pared with older patients.
Furthermore, it may be difficult to

obtain a complete anamnesis in the emer-

gency department, with a high possibility of

passing over the patient’s present history.

Changes in serum bilirubin level cannot be

known at the first visit; however, older

people are more likely to have primary

hyperbilirubinemia than younger people,

also suggesting that hyperbilirubinemia

may be a more useful indicator in youn-

ger patients.
Regarding high CRP levels, Eren et al.6

reported that this was an important marker

for predicting gangrenous or perforated

appendicitis. Because complicated appendi-

citis is associated with more severe inflam-

mation than simple appendicitis, high

CRP levels may thus also be an important

predictive factor for complicated

appendicitis.
Nomura et al.7 also identified older age

as a predictor of gangrenous appendicitis.

Patients become increasingly immunologi-

cally compromised with age, and inflamma-

tion thus tends to be more severe in older

compared with younger patients. This may

explain why older age was also a significant
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predictive factor for complicated

appendicitis.
This study had several limitations. All

the study patients underwent appendecto-

my and we did not investigate patients

who received conservative treatment.

Furthermore, it was a retrospective, single-

institution study with a small sample size.
In conclusion, hyperbilirubinemia, high

CRP level, and fever may be useful predic-

tors of the severity of acute appendicitis,

with hyperbilirubinemia being more useful

among patients aged <65 years compared

with older patients.

Acknowledgements

We gratefully acknowledge the work of members

of our pathology laboratory.

Declaration of conflicting interest

The authors declare that there is no conflict

of interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Masaaki Akai https://orcid.org/0000-0002-

0742-7272

References

1. Smith PH. The diagnosis of appendicitis.

Postgrad Med J 1965; 41: 2.

2. Cusheiri A, Grace PA, Darzi A, et al.

Disorder of small intestine and vermiform

appendix. Clinical surgery. 2nd ed. UK:

Blackwell Publishing Ltd, 2003, p.405.
3. Alvarado A. A practical score for the early

diagnosis of acute appendicitis. Ann Emerg

Med 1986; 15: 557–564.
4. Chaudhary P, Kumar A, Saxena N, et al.

Hyperbilirubinemia as a predictor of gangre-

nous/perforated appendicitis: a prospective

study. Ann Gastroenterol 2013; 26: 325–331.

5. Son CS, Jang BK, Seo ST, et al. A hybrid

decision support model to discover informa-

tive knowledge in diagnosing acute appendi-

citis. BMC Med Inform Mak 2012; 12: 17.

6. Eren T, Rombalak E, Ozemir IA, et al.

Hyperbilirubinemia as a predictive factor in

acute appendicitis. Eur J Trauma Emerg

Surg 2016; 42: 471–476.
7. Nomura S, Watanabe M, Komine O, et al.

Serum total bilirubin elevation is a predictor

of the clinicopathological severity of acute

appendicitis. Surg Today 2014;

28: 1104–1108.

8. Sandstrom A and Grieve DA.

Hyperbilirubinemia: its utility in non-

perforated appendicitis. ANZ J Surg 2017;

87: 587–590.
9. Vaziri M, Pazouki A, Tamannaie Z, et al.

Comparison of pre-operative bilirubin level

in simple appendicitis and perforated appen-

dicitis. Med J Islamic Republic Iran 2013;

27: 109–112.
10. Svinc MM, Kinaci E, Caker E, et al.

Diagnostic value of basic laboratory

parameter for simple and perforated acute

appendicitis: an analysis of 3392 cases.

Ulus Travma Acil Cerrahi Derg 2016;

22: 155–162.
11. Ishikawa H. Diagnosis and treatment of

acute appendicitis. J Japan Medical

Association 2002; 127: 747–750.
12. Lee JH, Park YS and Choi JS. The epidemi-

ology of appendicitis and appendectomy in

South Korea: national registry data.

J Epidemiol 2010; 20: 97–105.
13. Buckius MT. Changing epidemiology of

acute appendicitis in the United States:

study period 1993-2008. J Surg Res 2012;

175: 185–190.
14. Jaffe BM. The Appendix. In: Brunicardi FC

(ed.) Schwartz’s Principles of Surgery.

9th ed. New York: McGraw-Hill,

2010, pp.1073–1089.
15. Nishida T, Fujita N, Megawa T, et al. Post-

operative hyperbilirubinemia after surgery

for gastrointestinal perforation. Surg Today

2002; 32: 679–684.
16. Chand N and Sanyal AJ. Sepsis-induced

cholestasis. Hepatology 2007; 45: 230–241.
17. Geier A, Fickert P and Trauner M.

Mechanisms of disease: mechanisms and

3668 Journal of International Medical Research 47(8)

https://orcid.org/0000-0002-0742-7272
https://orcid.org/0000-0002-0742-7272
https://orcid.org/0000-0002-0742-7272


clinical implications of cholestasis in sepsis.
Nat Clin Prat Gastroenterol Hepatol 2006;
3: 574–585.

18. Miller DJ. Jaundice in sever bacterial infec-
tion. Gastroenterology 1976; 71: 94–97.

19. Utili R. Cholestasis effects of Escherichia

coli endotoxin on the isolated perfused rat
liver. Gastroenterology 1976; 70: 248–253.

20. Shander A. Anemia in the critically ill. Crit
Care Clin 2004; 20: 159–178.

Akai et al. 3669


	table-fn1-0300060519856155
	table-fn2-0300060519856155
	table-fn3-0300060519856155
	table-fn4-0300060519856155

