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Predictive Factors to Distinguish Between Patients With
Noncomplicated Appendicitis and Those With Complicated
Appendicitis

Tae Hyung Kim, Byung Sun Cho, Jae Hag Jung, Moon Soo Lee, Je Ho Jang, Chang Nam Kim

Department of Surgery, Eulji University Hospital, Eulji University School of Medicine, Daejeon, Korea

Purpose: Recently, randomized controlled trials have reported that conservative therapy can be a treatment option in pa-
tients with noncomplicated appendicitis. However, preoperative diagnosis of noncomplicated appendicitis is difficult. In
this study, we determined predictive factors to distinguish patients with noncomplicated appendicitis from those with
complicated appendicitis.

Methods: A total of 351 patients who underwent surgical treatment for acute appendicitis from January 2011 to Decem-
ber 2012 were included in this study. We classified patients into noncomplicated or complicated appendicitis groups based
on the findings of abdominal computed tomography and pathology. We performed a retrospective analysis to find factors
that could be used to discriminate between noncomplicated and complicated appendicitis.

Results: The mean age of the patients in the complicated appendicitis group (54.5 years) was higher than that of the pa-
tients in the noncomplicated appendicitis group (40.2 years) (P < 0.001), but the male-to-female ratios were similar. In the
univariate analysis, the appendicocecal junction’s diameter, appendiceal maximal diameter, appendiceal wall enhance-
ment, periappendiceal fat infiltration, ascites, abscesses, neutrophil proportion, C-reactive protein (CRP), aspartate ami-
notransferase, and total bilirubin were statistically significant factors. However, in the multivariate analysis, the appendi-
ceal maximal diameter (P = 0.018; odds ratio [OR], 1.129), periappendiceal fat infiltration (P = 0.025; OR, 5.778), ascites
(P =0.038; OR, 2.902), and CRP (P < 0.001; OR, 1.368) were statistically significant.

Conclusion: Several factors can be used to distinguish between noncomplicated and complicated appendicitis. Using these
factors, we could more accurately distinguish patients with noncomplicated appendicitis from those with complicated ap-
pendicitis.
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1886, an early appendectomy has been accepted as the best treat-
ment for acute appendicitis. Although surgical treatment is well
tolerated by most patients, it is associated with a risk of postopera-
tive complications occurring in about 2% to 23% of the patients
[3, 4]. Additionally, several studies have reported that 3% of the
patients who underwent an appendectomy with or without lapa-

INTRODUCTION

Acute appendicitis is a common disease with a lifetime risk of 7%
to 8% in the United States [1]. Since Fitz [2]’s study published in
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roscopy were readmitted for mechanical obstruction related to a
postoperative complication [5, 6].

Three previous randomized controlled trials reported that the
one-year cure rate for patients with noncomplicated appendicitis
who were treated with antibiotics was 74%-87% and that conser-
vative therapy could be a treatment option for patients with acute
appendicitis [7-9]. Recently, a randomized controlled trial by Sal-
minen et al. [10] reported that antibiotic treatment for noncom-
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plicated appendicitis was inferior to surgical treatment. These
studies tried to use conservative therapy to treat patients with
noncomplicated appendicitis, but not patients with complicated
appendicitis. However, the preoperative diagnosis of patients with
noncomplicated appendicitis was challenging. In this study, we at-
tempted to determine the factors that could be used to distinguish
patients with complicated appendicitis using preoperative labora-
tory data, computed tomography (CT) findings, and postopera-
tive pathology findings.

METHODS

The study subjects were 351 patients who had undergone surgical
treatment for acute appendicitis between January 2011 and De-
cember 2012 at Eulji University Hospital. Inclusion criteria were
age older than 18 years and diagnosis based on a CT scan. We ex-
cluded patients who were age younger than 18 years old because
three previous randomized controlled trials had used adult pa-
tients (age > 18 years) [7-9]. Other exclusion criteria were preg-
nancy and inflammatory bowel disease combined with an appen-
diceal neoplasm. A retrospective analysis was done by reviewing
the medical records of the included patients. Patient gender, age,
preoperative laboratory markers (white blood cell [WBC], neu-
trophil proportion, C-reactive protein [CRP], total bilirubin, as-
partate aminotransferase [AST], and alanine aminotransferase
[ALTY), and abdominal CT findings (appendiceal maximal diam-
eter, appendicocecal junction’s diameter, appendiceal wall en-
hancement, periappendiceal fat infiltration, appendicolith, ab-
scesses, and ascites) were recorded. All patients were classified
into two groups (noncomplicated appendicitis vs. complicated
appendicitis). Patients with appendicitis with perforation or gan-
grenous changes on pathology or periappendiceal abscess on op-
erative findings were classified as having complicated appendici-
tis. If the postoperative pathologic finding was a normal appendix
or simple appendicitis without complication, the patients were
classified as having noncomplicated appendicitis.

We performed statistical analysis using PASW Statistics ver. 18.0
(SPSS Inc., Chicago, IL, USA). The chi-square test was used to
check for differences between proportions. The Student t-test was
used for comparisons of continuous variables between groups.
The sensitivities, the specificities, and the odds ratios (ORs) were
calculated for the factors that discriminated between the noncom-
plicated and the complicated appendicitis groups. A P-value of
<0.05 was used to indicate statistical significance.

RESULTS

Patient characteristics

Of the 351 patients, 240 (69%) were diagnosed with simple ap-
pendicitis, 85 patients (24%) were diagnosed with complicated
appendicitis, and 26 patients (7%) were diagnosed with a normal
appendix. The negative appendectomy rate was 7%. The mean
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Table 1. Patient characteristics

Noncomplicated ~ Complicated

EraTersis appendicitis appendicitis LS
No. of patients (%) 266 (77) 85 (23) <0.001
Age (yr), mean (range) 40.2 (18-87)  54.48 (23-91)  <0.001
Sex

Male:female 128:138 41:44 0.684
Hospital stay (day), mean + SD 42515 75239 <0.001

The number of patients with noncomplicated appendicitis was the sum of those
with a normal appendix and those with acute appendicitis without perforation or
gangrenous changes on the pathology findings. The number of patients with com-
plicated appendicitis was the sum of those with acute appendicitis with perfora-
tion or gangrenous changes on the pathology findings and those with a periap-
pendiceal abscess on the operative findings.

SD, standard deviation.

age was 40.2 years (18 to 87 years) for the patients with noncom-
plicated appendicitis and 54.5 years (23 to 91 years) for those with
complicated appendicitis. The mean age of the patients in the
complicated appendicitis group was significantly higher than that
of those in the noncomplicated appendicitis group (P < 0.001). Of
the patients, 169 were male and 182 were female. The male-to-fe-
male ratios were similar in the two groups. However, the number
of females with a negative appendectomy was double that of
males with a negative appendectomy group. The mean hospital
stay was 4.25 days (standard deviation [SD], £1.5) and 7.52 days
(SD, £3.9) for the noncomplicated and the complicated appendi-
citis groups, respectively (Table 1).

CT findings

The mean appendicocecal junction’s diameters (P < 0.001) and
the appendiceal maximal diameters (P < 0.001) were significantly
higher in the complicated appendicitis group compared with the
noncomplicated appendicitis group. Appendiceal wall enhance-
ment (P = 0.01), periappendiceal fat infiltration (P < 0.001), asci-
tes (P < 0.001) and abscesses (P < 0.001) were detected with a sig-
nificantly higher frequency in the complicated appendicitis group
(Table 2).

Laboratory findings

The neutrophil proportion (P = 0.004) and the CRP (P < 0.001),
total bilirubin (P < 0.001), and AST levels (P = 0.049) were signifi-
cantly higher in the complicated appendicitis group compared
with the noncomplicated appendicitis group. No significant dif-
ferences in ALT levels (P = 0.308) and mean WBCs (P = 0.014)
were seen between the two groups (P = 0.308) (Table 3).

Factors that discriminate between the noncomplicated and
the complicated groups

In the univariate analysis, the appendicocecal junction’s diameter,
appendiceal maximal diameter, appendiceal wall enhancement,
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Table 2. Univariate analysis of computed tomography findings (non-
complicated appendicitis vs. complicated appendicitis)

Table 4. Multivariate analysis of complicated appendicitis vs. non-
complicated appendicitis

Variable Noncomp!iggted Complic.ang P-value
appendicitis appendicitis

Appendicocecal junction’s 748 £272 8.85+ 3.1 <0.001
diameter (mm)

Appendiceal maximal 9.82 + 3.1 11.87 34 <0.001
diameter (mm)

Appendiceal wall enhancement ~ 214/266 (80) 80/85 (94) <0.001

Periappendiceal fat infiltration 187/266 (70) 83/85 (98) <0.001

Appendicolith 70/266 (26) 27/85 (32) <0.001

Ascites 13/266 (5) 23/85 (27) <0.001

Abscess 0/266 (0) 28/85 (33) <0.001

Values are presented as mean =+ standard deviation or number (%). The number
of patients with noncomplicated appendicitis was the sum of those with a normal
appendix and those with acute appendicitis without perforation or gangrenous
changes on the pathologic findings. The number of patients with complicated ap-
pendicitis was the sum of those with acute appendicitis with perforation or gan-
grenous changes on the pathology findings and those with a periappendiceal ab-
scess on the operative findings.

Table 3. Univariate analysis of the laboratory findings (noncompli-
cated appendicitis vs. complicated appendicitis)

Noncomplicated ~ Complicated

Laboratory finding appendicitis appendicitis P-value
WBC (1,000/uL) 12.57 + 4.1 13.38 £ 4.4 0.124
Neutrophil proportion (%) 76.33 +12.4 80.55 + 8.9 0.004
CRP (mg/dL) 205+2.8 11.47 £ 84 <0.001
AST (U/L) 2474 +16.5  29.06 = 20.2 0.049
ALT (IUL) 2127 +18.7  23.68 +19.4 0.308
Total bilirubin (mg/dL) 0.95+ 0.4 124 £0.7 <0.001

Values are presented as mean + standard deviation. The number of patients with
noncomplicated appendicitis was the sum of those with a normal appendix and
those with acute appendicitis without perforation or gangrenous changes on the
pathology findings. The number of patients with complicated appendicitis was the
sum of those with acute appendicitis with perforation or gangrenous changes on
the pathology findings and those with a periappendiceal abscess on the operative
findings.

WBC, white blood cell; CRP, C-reactive protein; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.

periappendiceal fat infiltration, ascites, abscesses, neutrophil pro-
portion, and CRP, AST, and total bilirubin levels were significantly
different between the noncomplicated and the complicated groups.
However, in the multivariate analysis, a reverse stepwise logistic re-
gression analysis of the data comparing the noncomplicated and
the complicated appendicitis groups demonstrated that the appen-
diceal maximal diameter (P = 0.018; OR, 1.129), periappendiceal
fat infiltration (P = 0.025; OR, 5.778), ascites (P = 0.038; OR,
2.902), and CRP level (P < 0.001; OR, 1.368) were statistically sig-
nificant factors. The sensitivities of periappendiceal fat infiltration,
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Variable P-value 0Odds ratio Sensitivity Specificity

Appendiceal maximal 0.018 1.129 0.73 0.53
diameter >10 mm

Periappendiceal fat infiltration 0.025 5778 0.94 0.30

Ascites 0.038 2.902 0.27 0.95

CRP > 5 mg/dL 0.000 1.368 0.78 0.90

CRP, C-reactive protein.

Table 5. Scoring system based on the laboratory data and the com-
puted tomography scans

Variable Score
Appendiceal maximal diameter > 10 mm 1
Ascites 1
Periappendiceal fat infiltration 1
CRP > 5 mg/dL 1

Score > 2: sensitivity, 0.89; specificity, 0.94.
CRP, C-reactive protein.

appendiceal maximal diameter, ascites, and CRP level were 0.94,
0.73,0.27, and 0.78, respectively. The specificities of ascites, appen-
diceal maximal diameter, periappendiceal fat infiltration, and CRP
level were 0.95, 0.53, 0.30, and 0.90, respectively (Table 4).

Scoring system

In this study, through analysis of preoperative lab data, abdominal
CT scans, and postoperative pathology findings, we attempted to
provide a diagnostic criterion that could distinguish patients with
noncomplicated appendicitis from those with complicated ap-
pendicitis. The adopted variables were the appendiceal maximal
diameter (>10 mm), periappendiceal fat infiltration, and ascites
on CT findings and CRP (>5 mg/dL) (Table 5). One point was as-
signed to each variable, adding up to a total of four points. The
mean score for the complicated appendicitis group (2.63 + 0.87
points) was significantly higher than that for the noncomplicated
appendicitis group (1.17 + 0.85 points) (P = 0.459). The area un-
der the curve of the receiver operating characteristics curve was
shown to be 0.870 (Fig. 1). If we adopted a score of two to diag-
nose complicated appendicitis, that score had a sensitivity of 0.89
and a specificity of 0.68.

DISCUSSION

Conservative therapy as a treatment for patients with acute ap-
pendicitis started after Coldrey [11]’s study in 1959 on 471 pa-
tients with acute appendicitis who had received antibiotics as a
single treatment. Since then, three different randomized con-
trolled trials, which were performed by Hasson et al. [7], Styrud et
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Fig. 1. Receiver operating characteristics (ROC) curve for the scor-
ing system based on the laboratory data and the computed tomogra-
phy scans. The area under the ROC curve is 0.870 (95% confidence
interval, 0.825-0.915).

al. [8], and Vonns et al. [9], respectively, demonstrated that treat-
ment with antibiotics could be as safe and effective as an appen-
dectomy for patients with noncomplicated appendicitis. However,
the recent randomized controlled trial of Salminen et al. [10] re-
ported that the 1-year cure rates for an appendectomy and antibi-
otic treatment were 99.6% and 72.3%, respectively, but they failed
to prove that surgical treatment was superior to conservative
therapy for patients with noncomplicated appendicitis. Antibiotic
treatment for patients with noncomplicated appendicitis was still
a subject prolific of controversy, but the effort to distinguish non-
complicated appendicitis from complicated appendicitis was
meaningful [12]. Two studies, which were performed by Vonns et
al. [9] and Saminen et al. [10], respectively, gave CT-based criteria
to diagnose complicated appendicitis. Styrud et al. [8] used labo-
ratory criteria to distinguish noncomplicated appendicitis from
complicated appendicitis.

In this study, we analyzed both the preoperative laboratory data
and CT scans and found factors that could be used to distinguish
between patients with noncomplicated and those with compli-
cated appendicitis. In the multivariate analysis, appendiceal maxi-
mal diameter (>10 mm), periappendiceal fat infiltration, ascites,
and CRP level (>5 mg/dL) were significantly different between
the noncomplicated appendicitis and the complicated appendici-
tis groups. Eleven patients who were diagnosed with complicated
appendicitis had four predictive factors. However, no patient in
the noncomplicated appendicitis group had four predictive fac-
tors (Table 6).

Before CT was invented, the diagnosis of acute appendicitis was
based on symptoms, signs, and laboratory data. The utility of a
CT scan in cases of acute appendicitis enabled high accuracy in
early diagnosis and reduced morbidity attributed to perforation. It
had a high sensitivity (0.99) and specificity (0.95) [13]. The ap-
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Predictive factor score N(;n;;en;g:::ci;tsed gg?epn“c;;ii}gg P-value
0 54 1 <0.001*
1 126 8
2 72 22
3 20 38
4 0 11

Predictive factors were appendiceal maximal diameter >10 mm, periappendiceal
fat infiltration, ascites, and C-reactive protein >5 mg/dL. Predictive factor score
was the sum of the predictive factors that patients had.

#Pearson chi-square test.

pendiceal maximal diameter (>7 mm) and periappendiceal fat in-
filtration were important diagnostic findings of acute appendicitis
[14, 15]. However, the distinction between non-complicated and
complicated appendicitis remained difficult, even with CT scans
[16, 17]. Vonns et al. [9] used CT-based criteria to diagnose com-
plicated appendicitis (extra luminal gas, periappendiceal fluid,
disseminated intraperitoneal fluid, and appendix diameter >15
mm). A total of 119 patients underwent surgical treatment for
suspected noncomplicated appendicitis. However, 21 patients
(18%) were diagnosed with complicated appendicitis after sur-
gery. CT alone was not enough to distinguish between noncom-
plicated and complicated appendicitis [9]. In our study, we found
that appendiceal maximal diameter (>10 mm), periappendiceal
fat infiltration, and ascites on CT scans were highly associated
with complicated appendicitis. The presence of periappendiceal
fat infiltration had a high sensitivity (0.94), and ascites had a high
specificity (0.95).

Recently, one meta-analysis reported that procalcitonin and
CRP levels and WBC could be predictive factors that distinguish
between noncomplicated and complicated appendicitis [18]. Also,
in a study by Noh et al. [19], WBC and CRP and bilirubin levels
were useful clinical markers in the diagnosis of complicated ap-
pendicitis. A study by Zhao et al. [20] reported that hyperfibrino-
genemia might be useful as a predictive factor for appendiceal
perforation. Several studies reported that hyperbilirubinemia
(>1.0 mg/dL) and CRP level (>5 mg/dL) were statistically signifi-
cant markers of perforation in patients with acute appendicitis
[21, 22]. Furthermore, one study reported that WBC and CRP
level were associated with postoperative complications. When
WBC > 16,500/pL and CRP level > 3.1 mg/dL, complications in-
creased six times [23]. In our study, leukocytosis, hyperbilirubine-
mia, and CRP elevation were significantly different between the
noncomplicated and the complicated appendicitis groups in the
univariate analysis. However, in the multivariate analysis, CRP
level (>5 mg/mL) was the only significant factor.

Recently, Atema et al. [12] made a scoring system based on clini-
cal and imaging features to distinguish noncomplicated from
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complicated appendicitis. The age, body temperature, duration of
symptoms, WBC, CRP level, extraluminal free air on imaging,
periappendiceal fluid on imaging, and appendicolith on imaging
were included. The sensitivity and the specificity were 0.96 and
0.45, respectively [12]. In our scoring system, the appendiceal
maximal diameter (>10 mm), periappendiceal fat infiltration and
ascites on CT findings and CRP level (>5 mg/dL) were included.
The sensitivity and the specificity were 0.89 and 0.68, respectively
(Table 5). Furthermore, this score had a high sensitivity and speci-
ficity compared with the score based on only the appendiceal
maximal diameter (sensitivity, 0.73; specificity, 0.53), only periap-
pendiceal fat infiltration (sensitivity, 0.94; specificity, 0.30), only
ascites (sensitivity, 0.27; specificity, 0.95), and only the CRP level
(sensitivity, 0.78; specificity, 0.90) as predictive factors of compli-
cated appendicitis.

An appendectomy is well tolerated by most patients. However, it
is associated with a risk of a negative appendectomy and surgical
wound infection. In this study, we performed an abdominal CT
on all patients to diagnose acute appendicitis. However, the nega-
tive appendectomy rate was 7%. In a recent study, the negative ap-
pendectomy rate was 15% to 25%. This rate could be as high as
40% in female patients [24-26]. In our hospital, the negative ap-
pendectomy rate in females has been twice that in males. Several
studies have reported the rate of surgical wound infection to be
5%-30% [27, 28]. In this study, we had 42 complications. Surgical
site infection and ileus were found in 33 (9%) and 7 of the cases
(2%); intra-abdominal abscesses were observed in two patients.

This study had several limitations. Firstly, this was a retrospec-
tive study. In our hospital, patients with acute appendicitis un-
dergo emergency surgery. Hence, an operation delay may lead to
a mismatch between the preoperative state and the postoperative
diagnosis. Therefore, a follow-up randomized controlled study is
necessary.

In conclusion, in this study, the appendiceal maximal diameter,
periappendiceal fat infiltration, ascites, and CRP level were factors
that were statistically different between the noncomplicated and
the complicated appendicitis groups. Using these factors, we
could more accurately distinguish patients with noncomplicated
appendicitis from those with complicated appendicitis patients.
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