
Rezumat 

Valoarea hiperbilirubinemiei æi leucocitozei 
ca indicatori de severitate în apendicita acutã

Sunt binecunoscute discuåiile privind corelaåiile între leuco-
citozã æi formele anatomoclinice ale apencicitei acute. Studii
mai recente aratã cã hiperbilirubinemia sericã s-ar putea impune
ca indicator prognostic al formelor gangrenoase sau perforate. Pe
o cazuisticã numeroasã din clinica noastrã, în decurs de un an,
am studiat corelaåiile între formele anatomopatologice de apen-
dicitã acutã, numãrul de leucocite æi nivelul seric al bilirubinei
totale æi al fractåunii indirecte. Cu toate cã se constatã o 
corelaåie între formele severe de boalã (gangrenoasã/perforatã),
leucocitoza æi nivelul crescut al bilirubinei serice totale (cu 
predominanåa fracåiunii indirecte), nici unul dintre indicatori nu 
s-a dovedit a fi patognomonic. Formele perforate cu peritonitã
localizatã/generalizatã se asociazã mai frecvent cu hiperbiliru-
binemie. 

Cuvinte cheie: apendicitã acutã, hiperbilirubinemie, 
perforaåie apendicularã, disfuncåie hepaticã în sepsis

Abstract
Discussions regarding the correlations between elevated white
blood cell levels and clinical and pathological stages of acute
appendicitis are well known. Recent studies show that a high
level of serum bilirubin could emerge as a prognostic marker
for gangrenous or perforated stages of acute appendicitis. We
studied the correlations between anatomical and pathological
stages of acute appendicitis and white blood cell count, serum
total bilirubin, and indirect serum bilirubin on a large series of
cases, in the course of one year, in our department. Although
there being a correlation between severe forms of acute 
appendicitis (gangrenous, perforated), elevated white blood
cell count, elevated serum bilirubin (mostly the indirect 
fraction), none of the indicators proved to have a definitive
diagnostic value. Cases with perforation and localized/
generalized peritonitis are more frequently associated with 
elevated bilirubin levels.

Key words: acute appendicitis,  elevated bilirubin, perforated
appendix, hepatic failure in sepsis

IntroductionIntroduction

A high white blood cell count has been considered a key 
element for diagnosing acute appendicitis for a long time.
Recent years have seen studies emerge that showed that 
elevated serum bilirubin levels could indicate a severe/perforated
case of acute appendicitis (1,2,3). An elevated Serum Total
Bilirubin (STB), that is not explained by liver disease or biliary
obstruction can be observed in many patients with acute 
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appendicitis. Cases of acute appendicitis without high white
blood cell (WBC) count are also well known. The present study
aims to analyse the correlations between the histological form of
acute appendicitis and WBC levels, STB levels, trying to 
establish to what degree we can consider these findings in 
diagnosing the severity of the disease before surgery.

Material and MethodMaterial and Method

We analysed patients admitted and operated on in the
Department of General Surgery of the "St. Pantelimon"
Emergency Clinical Hospital from October the 1st 2012 to the
30th of September 2013 (one year). We excluded from the study
patients with known liver disease (hepatitis, cirrhosis, Gilbert
syndrome, Dubin-Johnson syndrome), patients with elevated
serum levels of liver function enzymes (AST, ALT), known
alcoholics, patients with known bile obstruction, hemolytic
syndromes, conditions that could explain elevated STB levels.
Our study is retrospective, observational. We collected the
data from patient charts, laboratory results, supplemental 
imaging studies (abdominal ultrasound, CT), operative 
recordings, histological results.

ResultsResults

In the aforementioned period (October 1st 2012 - September
30th 2013), a number of 387 patients were operated for acute
appendicitis (confirmed initially during surgery and then by
histological examination) in the General Surgery Department
of our emergency hospital. Most of them (379 - 97.9%) were
admitted with the diagnosis of acute appendicitis. 2.1% of the
patients were admitted with other diagnoses, as follows: acute
abdomen, inflammatory pelvic disease, pyosalpinx, suspected
tumor of the cecum, intestinal obstruction. Clinical course
and further paraclinical studies deemed surgical intervention
mandatory, intervention that confirmed the diagnosis of acute
appendicitis and permitted their inclusion in the study. There
were also 14 patients who were admitted with the diagnosis of
acute appendicitis which was negated by further studies: the
patient was either diagnosed with a non-surgical disease and
was not operated (5 cases), or the intraoperative findings were
not of acute appendicitis (pyosalpinx - 3 cases, ruptured 
ovarian cyst - 2 cases, ectopic pregnancy - 2 cases, perforated
ulcer - 1 case, sigmoid volvulus 1 case). Preliminary data shows,
once more, that there are still considerable errors  in the 
diagnosis of acute appendicitis, false positive as well as false
negative ones.

Regarding the data we analysed, preoperative blood cell
count was present in all patients. Total and fractioned 
bilirubin was routinely assessed for most patients but not for
all. In accordance, this data was available only for 70.8% of the
cases with confirmed acute appendicitis (274 cases).

We considered all diseases, even if only by suspicion, other
than peritonitis or sepsis, that could lead to elevated STB or
of its fractions: known liver disease (hepatitis, cirrhosis,
Gilbert and Dubin-Johnson syndromes, benign intrahepatic
recurrent cholestasis), carriers of liver viruses or of HIV, 

parasitic diseases (hydatid disease), common bile duct stones,
either previously known or diagnosed by ultrasound, patients
with ALT levels three times the normal value (over 114 IU/L),
patients with AST levels five times the normal value (over 170
IU/L), known alcoholics, hemolytic disorders.

Analysing these findings we set the following inclusion
and exclusion criteria:

Inclusion criteria
- Patients admitted and operated during the aforemen-

tioned timeframe;
- The recording of preoperative WBC count, STB and

of one of its fractions (direct DBR or indirect IBR);
- Age interval 18-80 years old;
- Macroscopic as well as microscopic confirmation of

acute appendicitis.
Exclusion criteria
- Lack of preoperative STB or of its fractions;
- The presence of the aforementioned conditions, 

eventually responsible for STB elevation.
The number of patients that met these requirements was

210.
Preoperative imaging studies were present as follows:
- Abdominal ultrasound: 93 cases (44%);
- Computed-Tomography: 7 cases (3.3%);
- MRI: 2 cases (0.95%).
These made the diagnosis clear, clearly indicating 

appendix inflammation (thickening of the wall, presence of a
fecalith, periappendicular fluid, fluid in the cul de sac Douglas)
as follows: ultrasound - 39.8% (Fig. 1, 2), CT - 6 cases out of
7, MRI - one case out of 2.

Concerning histology the following categories were found
in our study: catarrhal acute appendicitis (CAA), phlegmo-
nous acute appendicitis (PAA), gangrenous acute appendicitis
(GAA) and perforated acute appendicitis (PA) further sub-
divided in two categories: perforated acute appendicitis with
localized peritonitis (PAAL) and with generalized peritonitis
(PAAG); we defined two groups of acute appendicitis: non-
severe (CAA, PAA) and severe acute appendicitis (GAA,
PAAL, PAAG).

Figure 1. Abdominal Ultrasound showing a thick-walled, 
non compressible appendix; intraoperative finding 
of phlegmonous acute appendicitis
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According to our local laboratory normal WBC count
should be between 4400 and 11000/mm3, STB 0-1 mg/dl,
Indirect Serum Bilirubin - 1-0.7 mg/dl, AST 0-34 IU/L, ALT
0-38 IU/L.

Appendicular perforation is mainly influenced by pre-
hospital time intervals, from the onset of symptoms to 
emergency room presentation, perforated cases being generally
found to be present in 13 to37% of cases, and rarely beyond (4).
Our study recorded a frequency of 13.3% perforated cases, and
34.7% cases of severe acute appendicitis (PA, GAA). The 
distribution of the study population based on histological
results in the five categories (CAA, PAA, GAA, PAAL,
PAAG) and the distribution according to sex of our 210
patients can be seen in Table 1. We can notice a significant 
difference in gender distribution for the various histological

entities. For CAA 80.5% were female and 19.5% were male
while for PAAG we recorded 30.8% female and 69.2% male
(Chi-Square Test, p value=0.0002).

Statistical analysis was performed in order to evaluate and
compare the various histological entities and their relation
with STB, DBR, IBR, WBC count, starting with the unified
severe and non-severe groups and concluding with the initial 5
histological aspects (CAA, PAA, GAA, PAAL, PAAG).
Gender of the patients was taken into account for statistical
analysis. Chi-Square, Mann-Whitney, Kruskal-Wallis and 
t-Student tests were performed. The Bonferroni correction was
applied in some cases in order to eliminate errors that could
result from the use of a large number of tests. Different results
were obtained by group comparisons (p values can be seen in
Tables 2, 3, 4, 5).

A synthesis of the results can show the following:

Figure 2. Free fluid next to the appendix in the right iliac fossa

Table 1. Sex distribution and histological determination

Histopathology form

Sex CAA PAA GAA PAAG PAAL TOTAL
F 33 58 18 4 5 118
Row % 28.0 49.2 15.3 3.4 4.2 100.0
Col % 80.5 60.4 40.0 30.8 33.3 56.2
M 8 38 27 9 10 92
Row % 8.7 41.3 29.3 9.8 10.9 100.0
Col % 19.5 39.6 60.0 69.2 66.7 43.8
TOTAL 41 96 45 13 15 210
Row % 19.5 45.7 21.4 6.2 7.1 100.0
Col % 100.0 100.0 100.0 100.0 100.0 100.0

*Mann-Whitney DBR IBR STB WBC count
(**ANOVA)
***Kruskal-Wallis
Reduced form Severe 0.33 0.76 1.06 12.78

[0.24, 0.42] [0.63, 1.05] [0.92, 1.43] [11.30, 18.40]
Non-Severe 0.16 0.38 0.56 10.20

[0.10, 0.23] [0.27, 0.52] [0.40, 0.78] [8.25, 12.70]
p_value 0.0000* 0.0000* 0.0000* 0.0000*

Partially reduced Perforated AA 0.41 0.98 1.39 16.92
form [0.28, 0.48] [0.56, 1.38] [0.90, 1.95] [13.05, 20.35]

GAA 0.27 0.76 1.04 12.10
[0.23, 0.37] [0.66, 0.88] [0.93, 1.13] [10.80, 15.70]

PAA 0.16 0.41 0.59 10.98
[0.11, 0.23] [0.28, 0.54] [0.43, 0.80] [8.24, 13.65]

CAA 0.12 0.34 0.46 9.43
[0.09, 0.19] [0.24, 0.47] [0.36, 0.66] [8.29, 11.20]

p_value 0.0000*** 0.0000*** 0.0000*** 0.0000***
Significant differences PAA and PAA and PAA and PAA and PA 
between groups GAA (0.0000) GAA (0.0000) GAA (0.0000) (0.0000)
(multiple comparison tests) PAA and PA PAA and PAA and PA GAA and PA

(0.0000) PA (0.0000) (0.0000) (0.0160)
GAA and GAA and GAA and GAA and
CAA (0.0000) CAA (0.0000) CAA (0.0000) CAA (0.0030)
PA and CAA PA and PA and CAA PA and CAA 
(0.0000) CAA (0.0000) (0.0000) (0.0000)

Table 2. Statistical comparison between groups regarding parameter values, not considering sex
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***Kruskal-Wallis DBR IBR STB WBC count
PAAG 0.37 0.63 1.09 16.30
N=13 [0.29, 0.49] [0.57, 1.31] [0.91, 1.92] [11.30, 20.40]
PAAL 0.42 1.05 1.53 17.55
N=15 [0.27, 0.48] [0.56, 1.50] [0.90, 1.99] [14.60, 18.90]
GAA 0.27 0.76 1.04 12.10
N=45 [0.23, 0.37] [0.66, 0.88] [0.93, 1.13] [10.80, 15.70]
PAA 0.16 0.41 0.59 10.98
N=96 [0.11, 0.23] [0.28, 0.54] [0.43, 0.80] [8.24, 13.65]
CAA 0.12 0.34 0.46 9.43
N=41 [0.09, 0.19] [0.24, 0.47] [0.36, 0.66] [8.29, 11.20]
p_value 0.0000*** 0.0000*** 0.0000*** 0.0000***
Significant differences between PAA and GAA AA and GAA PAA and GAA PAA and PAAG
groups (multiple comparison tests) (0.000000) P (0.000000) (0.000000) (0.014063)

PAA and PAAG PAA and PAAG PAA and PAAG PAA and PAAL
(0.000001) (0.000749) (0.000013) (0.000044)
PAAand PAAL PAA and PAAL PAA and PAAL GAA and PAAL
(0.000009) (0.000043) (0.000010) (0.032943)
GAA and CAA GAA and CAA GAA and CAA GAA and CAA
(0.000000) (0.000000) (0.000000) (0.005009)
PAAG and CAA PAAG and CAA PAAG and CAA PAAG and CAA
(0.000000) (0.000022) (0.000000) (0.000461)
PAAL and CAA PAAL and CAA PAAL and CAA PAAL and CAA
(0.000001) (0.000001) (0.000000) (0.000001)

Table 3. Kruskal-Wallis, histological groups, not considering sex

**Kruskal-Wallis DBR IBR STB0 WBC count

Sex=F PAAG 0.43 0.55 1.06 10.37
[0.32, 0.54] [0.44, 0.85] [0.87, 1.28] [8.93, 15.80]

PAAL 0.27 0.70 0.97 15.90
[0.17, 0.46] [0.40, 1.41] [0.57, 1.88] [14.80, 16.10]

GAA 0.31 0.74 1.04 12.74
[0.24, 0.37] [0.66, 0.83] [0.98, 1.13] [11.50, 18.70]

PAA 0.14 0.37 0.51 9.60
[0.09, 0.21] [0.28, 0.57] [0.39, 0.78] [8.07, 11.90]

CAA 0.11 0.32 0.44 9.30
[0.09, 0.18] [0.24, 0.47] [0.33, 0.65] [8.29, 10.90]

p_value 0.0000*** 0.0000*** 0.0000*** 0.0000***
Significant differences PAA and GAA PAA and GAA PAA and GAA PAA and GAA
between groups (0.000042) (0.000262) (0.000016) (0.016075)
(multiple comparison tests) PAA and PAAG GAA and CAA GAA and CAA GAA and CAA

(0.010540) (0.000002) (0.000000) (0.010261)
GAA and CAA PAAG and CAA PAAG and CAA
(0.000013) (0.013713) (0.008133)
PAAG and CAA
(0.004178)

Sex=M PAAG 0.37 0.72 1.09 19.80
[0.29, 0.47] [0.63, 1.36] [0.91, 1.99] [15.50, 22.30]

PAAL 0.42 1.07 1.55 17.60
[0.39, 0.49] [0.94, 1.50] [1.36, 1.99] [14.60, 18.90]

GAA 0.26 0.76 1.04 11.70
[0.22, 0.37] [0.62, 0.88] [0.91, 1.15] [9.19, 13,78]

PAA 0.21 0.43 0.68 12.90
[0.16, 0.26] [0.33, 0.53] [0.53, 0.80] [9.54, 15.10]

CAA 0.19 0.39 0.59 10.90
[0.16, 0.25] [0.34, 0.46] [0.49, 0.73] [9.06, 11.55]

p_value 0.0000*** 0.0000*** 0.0000*** 0.0000***
Significant differences PAA and PAAG PAA and GAA PAA and GAA GAA and PAAG
between groups (0.001818) (0.000001) (0.000001) (0.025289)
(multiple comparison tests) PAA and PAAL PAA and PAAG PAA and PAAG GAA and PAAL

(0.000067) (0.001020) (0.000325) (0.026803)
PAAG and CAA PAA and PAAL PAA and PAAL PAAG and CAA
(0.034269) (0.000033) (0.000011) (0.007494)
PAAL and CAA GAA and CAA GAA and CAA PAAL and CAA
(0.005684) (0.000747) (0.004453) (0.008211)

PAAG and CAA PAAG and CAA
(0.005495) (0.008814)
PAAL and CAA PAAL and CAA
(0.000669) (0.001404)

Table 4. Kruskal-Wallis test, considering histological results and sexes; Bonferroni correction (2 times multiplication of p values
results in p values > 0.05, outside significant limits - strikethrough values)
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*Mann-Whitney DBR IBR STB WBC count
**Student T

PAAG F (N=4) 0.4300±0.1395 0.6475±0.2956 1.0775±0.2896 12.3650±5.4233

N=13 M (N=9) 0.4056±0.1458 1.0622±0.6029 1.4678±0.7117 18.0922±5.1421

p_value 0.7830** 0.2250** 0.3214** 0.0951**

PAAL F (N=5) 0.2900±0.1733 0.8360±0.6477 1.1260±0.8199 16.3800±3.1618

N=15 M (N=10) 0.4330±0.1101 1.1200±0.4680 1.5530±0.5612 16.9660±3.7190

p_value 0.0710** 0.3456** 0.2530** 0.7683**

GAA F (N=18) 0.3022±0.0918 0.7478±0.2714 1.0500±0.3296 13.6472±4.0908

N=45 M (N=27) 0.2967±0.1255 0.8141±0.2904 1.1107±0.3895 12.1507±3.8922

p_value 0.8728** 0.4457** 0.5893** 0.2224**

PAA F (N=58) 0.1521±0.0824 0.4221±0.1800 0.5741±0.2227 9.60
[8.07, 11.90]

N=96 M (N=38) 0.2145±0.0790 0.4305±0.1508 0.6450±0.1935 12.90
[9.54, 15.10]

p_value 0.0004** 0.8111** 0.1121** 0.0018*

CAA

N=41 F (N=33) 0.1376±0.0808 0.3406±0.1627 0.4782±0.2034 9.5006±2.4086

M (N=8) 0.2263±0.1183 0.3975±0.0988 0.6238±0.1994 10.3788±1.8637

p_value 0.0153** 0.3517** 0.0761** 0.3428**

Table 5. Mann-Whitney and T Student tests by histological groups; Bonferroni correction (5 times multiplication of p values renders
some statistically insignificant).

Analysing values for STB and IBR results in clear 
differences between patients with severe and non-severe
forms of the disease. Regarding the subgroups of these
forms, similar values were obtained for CAA and PAA
that are not statistically significant. In a similar fashion,
we obtained very close results, that provide no statistical
significant differences between subgroups of severe forms
(GAA, PAAL, PAAG). Median value for STB for severe
forms was 1.06 mg/dl [0.92, 1.43], while for non-severe
forms it was 0.56 [0.40, 0.78]. Median value of STB for
perforated forms was calculated to be 1.39 mg/dl [0.90,
1.95], value that does not differ significantly from the
value for GAA - see Table 2. Values are presented as 
follows: Median [first quartile = 25th percentile, third
quartile = 75th percentile].

Regarding WBC count, median values grow steadily
with the severity of the inflammation from the catarrhal
to the perforated forms. We can again find two interiorly
homogenous groups and statistically different from one
another - but the component is different: the group of 
perforated appendicitis is differentiated from the group of
non-perforated (CAA, PAA, GAA). Only the median
value for perforated appendicitis - 16920/mm3 [13050,
20350] differs from the rest.

DiscussionsDiscussions

Several serum markers have been analyzed in order to pre-
dict the severity of acute appendicitis including IL-6 and
lipopolysaccharide binding protein (5) The presence of 
jaundice in sepsis is well documented, especially associated
with Gram-negative pathogens (6,7,8). Several mechanisms
have been described explaining STB elevations in systemic

infections. The hemolysis produced by certain bacteria
(including E. coli), produces an increase in indirect and total
serum bilirubin (7,9). Also, some endotoxins released in the
peripheral blood stream are responsible for impeding the
liver's mechanism for bilirubin uptake and canalicular 
excretion (10,11). Endotoxins produce cholestasis by 
damaging biliary salt transport through cytokine mediated
mechanisms (12,13). E. coli is the most frequently isolated
bacteria from peritoneal fluid in acute appendicitis (14,15),
and its presence is associated with the lipopolysaccharidic
endotoxin. Elevated STB in acute appendicitis can either
appear as a result of bacteremia, or of endotoxinemia, both
possible in the catarrhal and phlegmonous forms as well as
in the gangrenous or perforated ones (16).

There are studies that report the presence of elevated
STB in acute appendicitis (17,18,19). Estrada et al. have 
formulated the hypothesis that jaundice can be associated
with perforation of the appendix, serving as a severity 
marker (20). They explain the elevated STB by the invasion
of the Gram-negative bacteria through the muscularis 
propria of the appendix, leading to direct invasion or
translocation of the germs in the portal system and the liver,
interfering with bilirubin excretion through bile ducts by
endotoxin action. Emmanuel et al. find that STB has a
specificity of 88% and a positive predictive value of 91% for
perforated acute appendicitis (16), while Sand et al find an
86% specificity for gangrenous or perforated forms, 
compared with only a 35% specificity of the C reactive 
protein (21). Hong, on a large series of 1195 patients, also
finds as significant the value of STB in the identification of
perforation (22).  In this setting we aimed to find out what
our series shows. ROC curves helped set the cut-off value of
STB at 0.865, lower than the standard of 1. The sensitivity
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of the test is 86.30% and the specificity is 92.70%. The 
positive predictive value (PPV) is 86.30% and the negative
predictive value (NPV) is 92.7% (Table 6).

For a value of 1 STB, the sensitivity of the test is 61.64%
and the specificity is 99.27%. PPV is 97.83% and NPV is
82.93% (Table 7).

ConclusionsConclusions

Although a correlation between the severe forms of the
disease (gangrenous, perforated) and the values of WBC,
TSB and of its fractions, none of the investigated markers
proved to be diagnostic. Perforated forms associated with
localized peritonitis are more frequently associated with
the elevation of STB and the indirect fraction, than the
other forms (catarrhal and phlegmonous). Elevated STB
(over 1 mg/dl), in the clinical setting of acute appendici-
tis, can differentiate severe forms with high specificity
(99.2%). Even normal levels of STB, but over 0.86, can
constitute an alarm signal.

The value of WBC sees a linear elevation that parallels the
severity of the disease with a significant jump in the moment
of perforation. A value over 16920 WBC/mm3 was shown by
half of the cases with a perforated appendicitis.
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Table 6. Significance calculation for 0.865 cut-off value of STB

Cut-off Severe Non-severe TOTAL

STB>0.865 (+) 63 10 73
STB<=0.865 (-) 10 127 137
TOTAL 73 137 210

Table 7. Significance calculation for STB value of over 1 mg/dl

Cut-off Severe Non-severe TOTAL

STB>1 (+) 45 1 46
STB<=1 (-) 28 136 164
TOTAL 73 137 210
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