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Abstract

Background: Misdiagnosis of the severity of acute appendicitis may
lead to perforation and can consequently result in increased morbid-
ity and mortality. In this study, the role of hyperbilirubinemia as a
predictor of perforation is assessed by performing a meta-analysis of
diagnostic accuracy.

Methods: A systematic search of the literature published over the past
20 years was performed using the EMBASE, PubMed, Cochrane li-
brary, and Google Scholar databases.

Results: Low values of sensitivity, specificity, and diagnostic odds ra-
tio (DOR) were detected: 0.21 (95% confidence interval (CI): 0.13 -
0.30, standard error (SE) =0.43), 0.27 (95% CI: 0.15 - 0.43, SE=0.73),
and 0.10 (95% CI: 0.3 - 0.28, SE = 0.05), respectively. The positive
likelihood ratio (PLR) was low (0.29 (95% CI: 0.27 - 0.91, SE = 0.76)),
whereas the negative likelihood ratio (NLR) was high (2.88 (95% CI:
1.66 - 5.14, SE = 0.10)). The hierarchical summary receiver operating
characteristic curve was positioned towards the lower right corner, and
the area under the curve was 0.19, both indicating a low level of over-
all accuracy and discrimination. Compared with the PLR, the negative
inverse likelihood ratio (1/LR") indicated that a positive result has a
greater impact on the odds of disease than does a negative result.

Conclusions: Hyperbilirubinemia alone is not a reliable tool to pre-
dict perforation. Future studies should investigate whether the com-
bined predictive values of bilirubin, C-reactive protein (CRP), and
white blood cells are a more effective diagnostic tool.
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Introduction

Acute appendicitis may present with various symptoms, signs,
and laboratory results, and therefore, diagnosis is not easy [1].
The following scores are useful in the differential diagnosis
of acute appendicitis in patients presenting with right iliac
fossa pain: the Alvarado score, modified Alvarado score, Raja
Isteri Pengiran Anak Saleha Appendicitis score designed spe-
cifically for Asian patients, and the Appendicitis Inflammatory
Response (AIR) score based on symptoms (nausea, vomiting,
duration of pain, and migratory pain), signs (fever, localized
tenderness, and rebound tenderness), and laboratory results
(leukocytosis, neutrophilia, and increased C-reactive protein
(CRP)). Yet, these scoring systems cannot distinguish between
uncomplicated and complicated appendicitis [2-4].

It is reported that the mortality rate of uncomplicated ap-
pendicitis is 0.3%; however, this increases to 6% in perforated
cases [5]. In the diagnosis of acute appendicitis, the supplemen-
tal roles of ultrasound and computed tomography scans are es-
sential. However, they have a low sensitivity in detecting per-
forated appendicitis [6, 7]. Therefore, the predictive ability of
hyperbilirubinemia in the diagnosis of perforated appendicitis,
as a supplementary tool to clinical examination and imaging
studies, is worthy of investigation.

To date, many authors of retrospective studies have evalu-
ated hyperbilirubinemia as a prognostic factor for appendiceal
perforation. It is reported that hyperbilirubinemia commonly
occurs in patients with septic conditions and in cases of com-
plicated appendicitis [8, 9].

These retrospective studies, which are based on small
population groups, suggest that hyperbilirubinemia may be a
useful predictor of perforated appendicitis.

Our study aims to investigate hyperbilirubinemia as a pre-
dictive factor of appendiceal perforation, using a meta-analysis
of diagnostic test accuracy.

Methods

The preferred reporting items for systematic reviews and me-
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ta-analyses (PRISMA) statement checklist was followed in
this study [10].

Literature search

Using the search terms in both free text and MESH terms (per-
forated appendicitis, appendiceal perforation, hyperbilirubine-
mia, jaundice, bilirubin, elevated bilirubin, complicated ap-
pendicitis, and appendix), a systematic search of the literature
published over the past 20 years was performed, through the
EMBASE, PubMed, Cochrane library, and Google Scholar da-
tabases. A grey literature search at the clinicaltrials.gov web-
site was also undertaken. The references in the retrieved arti-
cles were manually checked for further studies. Disagreements
between the authors were resolved through consensus-based
discussions.

Study selection, inclusion, and exclusion criteria

Our study included solely studies that compared the diagnos-
tic test accuracy of elevated bilirubin in assessing perforated
appendicitis. Included studies were required to meet the fol-
lowing criteria: 1) Reporting all-comers population with ap-
pendicitis and bilirubin measurements; 2) Comparing a cohort
of perforated cases with non-complicated cases; and 3) In the
event of multiple publications by the same institution, only the
most recent publication was included.

Case reports and studies in which it was impossible to
clearly calculate the outcomes were excluded from the analy-
sis.

Data extraction and outcomes

Two reviewers (PG and PK) independently extracted the fol-
lowing summary data for the included studies: true positives,
false positives, true negatives, and false negatives.

Definitions

Hyperbilirubinemia was considered to be any value of total
bilirubin serum above 1 mg/dL or 20.5 umol/L. Only patients
with histological findings of perforated appendicitis were in-
cluded in the study.

The sensitivity of a test was defined as the proportion of
patients with disease and positive histological findings of per-
forated appendicitis and hyperbilirubinemia. The positive like-
lihood ratio (PLR) is the estimation of the probability of how
much more likely a positive test is to be found in a patient with
perforation, as opposed to without perforation. The negative
likelihood ratio (NLR) is the probability of how much more
likely a negative test is to be found in a patient with perfora-
tion, as opposed to without perforation. The diagnostic odds
ratio (DOR) was defined as the ratio of the odds of positive
findings in a participant with disease relative to positive find-
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ings in a participant without disease.
Statistical analyses

All statistical analyses were performed using both STATA soft-
ware (version 15, StataCorp LP, College Station, TX, USA) and
R software (http://meta-analysis-with-r.org). The methodologi-
cal quality of all studies was assessed with the Quality Assess-
ment of Diagnostic Accuracy Studies (QUADAS) tool [11, 12].

The following measures of test accuracy were estimated
for each study: sensitivity, specificity, PLR, NLR, and DOR.

Data analysis was based on the hierarchical summary
receiver operating characteristic (HSROC) and the bivariate
model, which were used to account for the correlation between
sensitivity and specificity. Heterogeneity between studies was
estimated by comparing the 95% confidence region and 95%
prediction region. The influence of each study on the model
parameters was estimated with Cook’s distance [13].

The inverse of the NLR (1/LR") is also estimated, because
larger values indicate a more accurate test. Additionally, com-
parison of this with the PLR can indicate whether a positive or
negative test result has a greater impact on the odds of disease
[13].

Positive and negative LRs were used to characterize the
clinical utility of the test. It is reported that LR = | means that
the post-test probability is equal to the pretest probability, and
thus a clinically useful test can be one with high PLR (> 5,
good in ruling in disease) and with low NLR (< 0.2, good in
ruling out disease) [14].

Results

Search strategy and characteristics of included studies

Twenty studies were included from an initial pool of 196, com-
prising a total of 8,751 cases, of which 6,235 (71%) had his-
tologically confirmed acute appendicectomy and 1,343 (15%)
had perforated appendicitis; 12 were retrospective studies and
eight prospective non-randomized studies (Table 1, Fig. 1) [5,
15-17-33]. Three articles were excluded because they com-
pared more than one test. The negative appendicectomy rate
was 29%. Language or region restrictions were not applied to
the systematic search.

Diagnostic accuracy measures

Pooled estimates for sensitivity and specificity were 0.21 (95%
confidence interval (CI): 0.13 - 0.30, standard error (SE) =
0.43), and 0.27 (95% CI: 0.15 - 0.43, SE = 0.73), respectively
(Fig. 2). Pooled estimates for PLR and NLR were 0.29 (95%
CIL: 0.27 - 0.91, SE =0.76), and 2.88 (95% CI: 1.66 - 5.14, SE
= 0.10), respectively (Tablel). The DOR was 0.10 (95% CI:
0.3 - 0.28, SE = 0.05). The inverse of the negative likelihood
ratio (1/LR") was 0.34 (0.19 - 0.61) (SE = 0.10).

The HSROC curve was positioned towards the lower right
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Figure 1. Flow diagram of the search strategy.

corner; the area under the curve (AUC) was 0.19 (Fig. 3).
Study quality and sensitivity analysis

Generally, the quality of the included studies was poor; none
fulfilled all items on the QUADAS checklist, and none report-
ed the diagnostic accuracy as required by the STARD guide-
lines [11, 34]. Moreover, none of the outcome assessors were
blinded.

Cook’s distance statistic, which is a measure of the influ-
ence of a study on the model parameters detected, had only one
outlier which was the study of Khan [16]. However, this study
did not influence the summary estimates (Fig. 4). Investigation
of the effect of individual studies on the model, by refitting
the model and leaving out each study, did not demonstrate any
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impact on the summary estimates.
The prediction region compared to confidence region dem-
onstrated a visual representation of high between-study hetero-

geneity (Fig. 3).
Discussion

Our study aims to determine whether hyperbilirubinemia is a
reliable prognostic factor of appendiceal perforation. Pooled
estimates of low values of sensitivity demonstrate that hy-
perbilirubinemia is not a useful rule-out test. In addition, the
insufficiently high value of the PLR characterizes hyperbili-
rubinemia as a non-reliable rule-in test of perforated appen-
dicitis. The PLR and NLR were 0.29 and 2.88, respectively.
Considering that the values of PLR > 5 and NLR < 0.2 char-
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Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% CI)
Estracla 2007 23 26 18 80 056[0.40, 0.72] 0.69[0.60, 0.77] —a— —&
Khan § 2008 87 0 198 4 0.82[0.73, 0.89] 1.00[0.40, 1.00] - —
Sand 2008 73 60 45 365 0.62([0.52 0.71] 0.86[0.82, 0.89] —.— -
Kaser 2010 59 127 96 443  0.38[0.20, 0.46] 0.78[0.74, 0.81] - -
Atahan 2011 36 49 9 257  0.80([0.65, 0.90] 0.84 [0.79, 0.88] —a -
Emmanuel 2011 27 113 18 314 0.60 [0.44, 0.74] 0.74 [0.63, 0.78] —— -
Hong 2012 62 149 135 849 0.31[0.25 0.38] 0.85[0.83, 0.87] - o
Chaudhary 2013 8 30 0 12  1.00[0.63 1.00] 0.29[0.16, 0.45] —_— —a—
D'Souza 2013 14 16 6 74 0.70[0.46 0.88] 0.82[0.73, 0.89] —a— -
McGowan 2013 85 107 69 1010 Q.55 [0.47, 0.63]  0.90[0.89, 0.92] - u
Nomura 2013 67 82 64 197 051[0.42, 0.60] 0.71[0.65, 0.76] - -
Socea 2012 45 28 1 136  0.98[0.88 1.00] 0.83 [0.76, 0.88] -= -
Chambers 2015 151 246 146 327  0.51[0.45, 0.57] 0.57[0.53, 0.61] - -
Muller 2015 27 121 2% 316  0.48[0.35 0.62] 0.72[0.68, 0.76] == -
Saxena 2015 30 05 2 154 0.94[0.79 0.99] 0.97[0.93, 0.99] —= -
Eren 2016 24 10 17 90  0.59[0.42, 0.74] 0.90[0.82, 0.95] —a— -
Shahabuddin 2016 13 12 2 23  0.87[0.60, 0.98] 0.66[0.48, 0.81] — —a—
Abouzeid 2017 7 51 0 3% 1.00[059 1.00] 0.41[0.31,052] —a —-—
Cheekuri 2017 31 27 4 38 0.89[0.73 0.97] 058[0.46, 0.71] —a- —a—
Yineed 2017 19 9 10 62 066[046 0.82] 087(077,094 ,  —&— = = —&
0020406081 0020406081
Coef SE 95% Cl
Summary pt.
Se 2107219 .0435183 .1378316 .308372
Sp .2735993 .0736077 .1541596 4376926
DOR .1005584 .0535 .0354449 .2852874
LR* .2900904 .0765516 .1729462 4865817
LR~ 2.884795 8522124 1.616803 5.147222
1/LR- .346645 .1024042 .1942796 .6185045

Figure 2. Forest plot demonstrating sensitivity and specificity. coef: coefficient; SE: standard error; Cl: confidence interval; Se:
sensitivity; Sp: specificity; DOR: diagnostic odds ratio; LR*: positive likelihood ratio; LR negative likelihood ratio; 1/LR: inverse

negative likelihood ratio.

acterize the tests of clinical usefulness, we can conclude that
hyperbilirubinemia could not be a test of high clinical useful-
ness. However, the negative inverse likelihood ratio (1/LR")
indicated that a positive result has a greater impact on the odds
of disease than does a negative result, when compared with the
PLR. This finding may justify the usefulness of hyperbiliru-
binemia when it is detected in clinically confirmed appendici-
tis, alongside other positive laboratory results. In such cases,
the surgeon should consider that there is an increased prob-
ability for perforation and thus, it would be wise to proceed
with an emergency intervention rather than with a planned one.

The HSROC, which is used to account for the correlation
between sensitivity and specificity, was positioned towards
the lower right corner. In addition, the AUC was of low value.
Thus, both findings demonstrate that the test is of low overall
accuracy and discriminatory ability.

Using the Cook’s distance measure did not detect particu-
larly influential studies; the only outlier was the study by Khan
[16], which did not influence the pooled estimates (Fig. 4).
Furthermore, investigation of the effect of individual studies
on the model by refitting the model and leaving out each study
did not demonstrate any impact on the summary estimates.

To our best knowledge, this is the first meta-analysis that
includes 20 studies. A previous paper with only eight studies
concluded that although hyperbilirubinemia alone is not a strong

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

predictor of perforation, it can be included in the diagnostic
process as a supplementary tool [35]. The results of the current
study demonstrated a poorer performance of hyperbilirubine-
mia. There are several possible reasons for the discrepancies in
the results of the present and previous studies. First, the previous
study’s total sample was half that of the present study. Second,
studies that were published after the publication of the previous
meta-analysis demonstrated worse results than those of the stud-
ies included in the previous study. Therefore, an underpowered
sample, national and institutional characteristics, and selection
bias may have influenced the results. The results of the present
study should be interpreted within its limitations, as the overall
quality of the included studies was poor and the studies were
conducted at single centers. Therefore, national and institutional
characteristics, performance, attrition, and selection bias may
have influenced the results. Furthermore, another source of bias
could be the high between-study heterogeneity (Fig. 3).

Conclusions

Hyperbilirubinemia alone has a low overall accuracy to diag-
nose an anticipated perforation. However, in cases with clini-
cally confirmed appendicitis when elevated bilirubin appears
besides other positive laboratory results, complicated appendi-
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Figure 3. Plot showing the hierarchical summary receiver operating characteristic (HSROC) curve and summary operating point
positioned towards the lower right angle. Obvious visual discrepancy of the covered areas of the confidence and prediction inter-

vals indicating high between-studies heterogeneity.
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Figure 4. Left panel: Cook’s distance showing one outlier (Khan’s
study). Right panel: standardized residuals showing one outlier (Khan’s
study). cooksd: Cook’s standard deviation; stid: study identity; Se:ustd
= sensitivity standard deviation; Sp:ustd = specificity standard devia-
tion.
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citis is more likely to be diagnosed. Based on these data and in
the presence of hyperbilirubinemia, the treating surgeons may
prefer to proceed with immediate emergency surgery rather
than pursuing non-operative management and expectant treat-
ment further and delaying the decision of going to theatre for an
appendicectomy, given the likelihood of complicated appendi-
citis and the risk of developing perforated appendicitis. There-
fore, future studies that are adequately powered and report their
results of diagnostic accuracy based on STARD guidelines are
urgently needed. They should investigate whether the com-
bined predictive value of bilirubin, CRP, and white blood cells
would be a more effective diagnostic tool for surgeons.
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