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Purpose. Prompt appendectomy has long been the standard of treatment
for acute appendicitis, due to the risk of progression and subsequent post-
operative complications. This study aimed to identify independent predic-
tors of acute complicated appendicitis.

Methods. Data were obtained from a retrospective database that recorded
all appendicitis cases at the Chi-Mei Medical Center Data. There were
480 consecutive patients undergoing appendectomy for suspected acute
appendicitis between January and December 2010. Two patient groups,
without perforation (N = 332) and with perforation (N = 92), were ana-
lyzed to compare clinical characteristics, hospital stay, and post-operative
complications.

Results. Ninety-two patients with appendiceal perforation and 332 pa-
tients with simple appendicitis were confirmed pathologically. The over-
all perforation rate of appendicitis was 21.70% (92/424), and the negative
appendectomy rate was 11.67% (56/480). Univariate and multivariate lo-
gistic regression analysis identified 2 independent factors associated with
appendiceal perforation, the duration of abdominal pain for over 3 days
(odds ratio (OR): 3.03, 95% confidence interval (CI): 1.62-5.65, p <
0.001) and a C-reactive protein level over 30 mg/dl (OR: 5.38, 95% CI:
2.52-11.50, p <0.001).

Conclusions. Computed tomography (CT) scanning has been shown to be
highly accurate for diagnosing appendicitis, but it has not been specifical-
ly evaluated for perforated appendicitis. Combining the results of higher
C-reactive protein levels obtained in the emergency department and pa-
tient delay are the predominant factors determining the incidence of com-
plicated appendicitis.

[/ Soc Colon Rectal Surgeon (Taiwan) 2014,25:27-35]

Appendectomy is a safe procedure for uncompli-
cated acute appendicitis. However, perforation
makes surgical intervention for appendicitis more dif-
ficult and results in more complications. Identifying

the predictors of appendiceal perforation before sur-
gery may reduce the impact on the patient and prevent
possible subsequent sequelae. Previous studies pro-
posed that perforated acute appendicitis could be asso-
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ciated with personal history and underlying diseases,
laboratory examinations, imaging studies, and the de-
lay that occurs from the onset of abdominal pain to
surgical intervention. This study aimed to determine
which of these parameters are independent predictive
factors of acute complicated appendicitis.

Patients and Methods

Patients in this study were recruited from the Chi-
Mei medical center, which is a tertiary surgical refer-
ral centre. We have collected all patients who were di-
agnosed as suspected acute appendicitis between Jan-
uary and December 2010 (N = 509) in our hospital.
Twenty-nine patients sustained complicated appendi-
citis confirmed in the ER by abdominal CT scans.
Therefore, about 5.7% of the patients with compli-
cated appendicitis underwent initial conservative trea-
tment. The records of patients who underwent either
laparoscopic or open appendectomy for presumed
acute appendicitis were retrieved from the hospital da-
tabase. All those who had appendectomy performed
on a non-emergency basis or as a part of other surgical
procedures (eg right hemicolectomy for carcinoma of
the cecum and incidental appendectomy) were ex-
cluded. The records of 480 patients were retrieved in
this retrospective study and all the medical notes, op-
erative records, and pathology reports were reviewed.
The diagnosis of acute appendicitis was confirmed if
there was infiltration with polymorphs in the mus-
cularis propria of the appendix. Perforation was con-
firmed pathologically and defined as an inflamed ap-
pendix with evidence of macroscopic perforation, ra-
ther than surgical or imaging findings. Periappendi-
citis, fibrous obliteration, and serositis were regarded
as negative appendectomies.

We divided the variables into 4 categories (Table
1), including personal history and comorbidities,
laboratory examinations, imaging studies, and time
delay. For personal history and comorbidities, we re-
corded age, gender, fever, tachycardia, hypertensive
cardiovascular disease, diabetes mellitus, and his-
tory of abdominal surgery. We obtained laboratory re-
sults, including WBC counts and C-reactive protein

levels, in the emergency room, with a cutoff point
based on clinical experience and previous reports. The
abdominal CT was not routinely used but, instead, it
was arranged by clinician decision. In our hospital, we
did not have a strict protocol for arranging for abdom-
inal tomography in the diagnosis of acute appendici-
tis. Abdominal CT would be considered for patients
with diffuse peritonitis, atypical presentations, a lon-
ger history of the abdominal pain, or unknown ab-
dominal pathogenesis after extensive investigations
such as gynecologic consultations. Both patient delay
and in- hospital delay were included when calculating
the delay. The patient delay was defined as the dura-
tion of abdominal pain before presentation. In-hospi-
tal delay was defined as the time elapsing between
presentation to the emergency room and to the opera-
tion room. Intra-abdominal drains were placed for the
presence of diffuse peritonitis, turbid or purulent
ascites, or perforated or unhealthy base of appendix
during operation. In wounds that were not protected
well or were contaminated, a subcutaneous drain was
left in place.

Statistics

Continuous data were described by the mean and
standard deviation, and comparisons between the gro-
ups were performed by using the two-sample t-test.
Categorical data were presented by count and percent-
age, and were compared by using the Chi-square or
Fisher’s exact test, as appropriate. To explore the ef-
fects of predictors on appendiceal perforation, mul-
tivariable binary logistic regression analyses were
conducted. Patients’ demographic and clinical factors
were gathered in the first model, and treatment-related
factors were then appended in the second model.

A p-value of less than 0.05 was considered as being
statistically significant. Data analyses were performed
by using SPSS 17.0 (SPSS Inc., Chicago, IL, USA).

Results

Fifty-six patients were found to have a normal ap-
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Table 1. Characteristics of 424 appendicitis patients in the two groups

Variables Non-perforated appendicitis™* (n = 332) Perforated appendicitis* (n = 92) p-value
Personal history and comorbidity
Age -years 3598+ 17.99 38.03 £21.82 0.409
<38 7 (2.1%) 4 (4.4%) 0.029
9-64 303 (91.3%) 75 (81.5%)
=65 22 (6.6%) 13 (14.1%)
Gender
Male 195 (58.7%) 59 (64.1%) 0.350
Female 137 (41.3%) 33 (35.9%)
Fever 9 (2.7%) 3 (3.3%) 0.729
Tachycardia 104 (31.3%) 42 (45.7%) 0.010
Comorbidity
Abdomen surgery history 27 (8.1%) 7 (7.6%) 0.870
Diabetes mellitus 13 (3.9%) 10 (10.9%) 0.009
Hypertensive cardiovascular disease 35 (10.6%) 14 (15.2%) 0.215
Laboratory examinations
White-cell count— 1 x 10°/mm’ 13.78 + 4.04 14.78 + 5.48 0.105
C-reactive protein® — mg/dl 26.09 £41.23 72.55 +68.38 <0.001
<5 mg/dl 103 (32.9%) 11 (12.5%) <0.001
5-30 mg/dl 131 (41.9%) 16 (18.2%)
= 30 mg/dl 79 (25.2%) 61 (69.3%)
CT study 133 (40.1%) 54 (58.7%) <0.001
Time delay
Patients delay (days) 1.70 £ 0.94 2.80+2.53 <0.001
<3 days 292 (88.0%) 60 (65.2%) <0.001
= 3 days 40 (12.0%) 32 (34.8%)
In hospital delay (hours) 8.82 +4.58 9.25+5.19 0.471

* Values are expressed as mean = SD for continuous variables and as number (%) for categorical variables.

pendix, 92 patients had appendiceal perforation, and
332 patients with simple appendicitis were pathologi-
cally confirmed. The overall perforation rate of ap-
pendicitis was 21.70% (92/424), and the negative ap-
pendectomy rate was 11.67% (56/480). The perfora-
tion rates in patients less than 8 year-old, 9-64 year-
old, and older than 65 years were 4.4%, 81.5%, and
14.1%, respectively (p = 0.029) (Table 1). No gender
predominance was found between the two groups (p =
0.350). Fever was present in 2.7% of the patients from
the non-perforated appendicitis group and in 3.3% of
those from the perforated appendicitis group, but this
difference was not statistically significant (p = 0.729).
Tachycardia was associated with rupture (p = 0.010).
Comorbidities, including hypertensive cardiovascu-
lar disease, and a history of previous abdominal sur-
geries, were similar in the two groups, except for the
fact that more patients in the appendiceal perforation

group had diabetes mellitus (10.9% vs. 3.9%, p =
0.009). No significant differences were found in the
white cell count in either of the two groups (p =
0.105). The CRP level was significantly different
among the 2 groups (72.55 + 68.38 mg/dl for the per-
foration group and 26.09 £ 41.23 mg/dl for the non-
perforation group, p < 0.001). The perforation rate
was also associated with increased CRP levels. Pa-
tients with C-reactive protein levels over 30 mg/dl
had a perforation rate of 69.3%, those with 5-30 mg/dl
had a perforation rate of 18.2%, and those with less
than 5 mg/dl had a perforation rate of 12.5 %, p <
0.001. Comparing patients who had perforated appen-
dicitis with those who did not, we found that more pa-
tients in the appendiceal perforation group had
pre-operative CT (58.7% vs. 40.1%, p = 0.001). The
mean duration of abdominal pain was 1.70 + 0.94
days for the non- perforation group and 2.80 + 2.53
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days for the appendiceal perforation group, and it was
significantly different between the two groups (p <
0.001). The appendiceal perforation rate was signifi-
cantly higher in the patients who had abdominal pain
for over 3 days before presenting to the emergency de-
partment than in those with less than 3 days elapsing
(34.8 % vs. 12.1 %, p < 0.001). The mean time be-
tween emergency department arrival and surgical in-
tervention was 8.82 £ 4.58 hours for the non-perfora-
tion group and 9.25 £ 5.19 hours for the appendiceal
perforation group; p = 0.471). The multivariate logis-
tic regression analysis identified 2 independent pre-
dictors associated with appendiceal perforation, and
those were the duration of abdominal pain for over 3
days (odds ratio (OR): 3.029, 95% confidence interval
(CI): 1.624- 5.652, p < 0.001) and C-reactive protein
levels over 30 mg/dl (OR: 5.378, 95% CI: 2.515-
11.498, p <0.001) (Table 2). The sensitivity and spec-
ificity of CRP was 66.3% and 76.2%, respectively.
More patients had intra-abdominal drainage placed
in the perforation group than in the non-perforation
group (75% vs. 24.7%, p < 0.001). As compared to
patients in the non-perforation group, more patients
from the perforation group had delayed wound clo-
sure (12.0% and 2.4 %, p <0.001). The overall wound
infection rate (classification as grade I surgical com-
plications) was 8.25% (35/424). The wound infection
rate was higher in perforation cases (19.6%) than in
non-perforation cases (5.1%) (p < 0.001). The inci-

Table 2. Multivariate logistic regression analysis of predictors

dence of intra-abdominal abscesses (classification as
grade II surgical complications) was 1.65%, and it
was higher in perforation cases (4.4%) than in non-
perforation cases (0.9%) (p = 0.043). There were no
significant differences between the post-operative
ileus and pulmonary complications between the two
groups (1.5% vs. 3.3%, p=0.379; 0.9% vs. 1.1, p =
1.000). Patients in the perforation group had longer
hospital stays than those in the non-perforation group
(6.15 £5.25 days and 3.52 £ 3.27 days, p < 0.001)
(Table 3).

Discussion

Acute appendicitis occurs when the appendiceal
lumen is obstructed, leading to fluid accumulation,
luminal distention, inflammation and, finally, perfora-
tion.!* Classic symptoms of appendicitis have been
well described.” However, up to one third of the pa-
tients with acute appendicitis have atypical presenta-
tions.® Moreover, patients with alternative abdominal
conditions may present with clinical findings indistin-
guishable from acute appendicitis.” Thus, although
appendicitis traditionally has been a clinical diagno-
sis, many patients are found to have normal appen-
dixes at surgery. The misdiagnosis of this acute condi-
tion has led to the inappropriate removal of a normal
appendix in 8-30% of patients.®

OR 95% CI p-value

Patient characteristics

Age-year

< 8 versus 9-64 0.980 0.249-3.856 0.976

= 65 versus 9-64 2.339 0.978-5.593 0.056
Tachycardia Yes versus No 1.229 0.691-2.185 0.483
Diabetes mellitus Yes versus No 2.227 0.802-6.183 0.124
Time delay

patients delay

= 3 versus < 3 days 3.029 1.624-5.652 <0.001
Laboratory examinations

C-reactive protein — mg/dl

5-30 versus <5 0.965 0.419-2.226 0.934

=30 versus <5 5.378 2.515-11.498 <0.001

OR: odds ratio; CI: confidence interval.
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Table 3. Comparison of clinical outcomes

Non-perforated appendicitis™*

Perforated appendicitis*®

(n=332) (n=92) p-value

Operation method

Mcburney incision 313 (94.3%) 73 (79.3%) <0.001

Midline laparotomy 5 (1.5%) 19 (20.7%)

Mcburney incision conversion to midline 4 (1.2%) 0 (0.0%)

Laparoscopic appendectomy 10 (3.0%) 0 (0.0%)
Drainage in abdomen cavity 82 (24.7%) 69 (75%) <0.001
Drainage under the external oblique fascia 21 (6.3%) 7 (7.6%) 0.666
Delayed wound closure 8 (2.4%) 11 (12.0%) <0.001
Complication

Wound infection 17 (5.1%) 18 (19.6%) <0.001

Intra-abdominal abscess 3 (0.9%) 4 (4.4%) 0.043

Ileus 5 (1.5%) 3 (3.3%) 0.379

Lung complication (atelectasis, pneumonia) 3 (0.9%) 1(1.1%) 1.000
Length of stay 3.52+£327 6.15+£5.25 <0.001

* Values are expressed as mean + SD (standard deviation) for continuous variables and as number (%) for categorical variables.

A rate of unnecessary removals as high as 20%
has been considered acceptable in the surgery litera-
ture.”! However, negative laparotomy can be avoided
in many patients if modern diagnostic methods are
used to confirm or exclude acute appendicitis. During
the past decade, CT has emerged as the dominant im-
aging method for evaluating adults with suspected
appendicitis. The judicious use of CT imaging in pa-
tients with equivocal clinical presentations suspected
of having appendicitis led to a significant improve-
ment in the preoperative diagnosis. It resulted in a
substantial decrease in the rate of negative appendec-
tomies compared to previously published reports,
without incurring an increase in the perforation rates.
In US, the incidence of negative appendectomies has
declined steadily over the past decade to approxi-
mately 8% in 2007."" We enrolled 480 patients in this
retrospective study and the negative appendectomy
rate was 11.67% (56/480). Only 193 patients (40.2%)
underwent abdominal CT scans and were diagnosed
with acute appendicitis by imaging findings. 287 pa-
tients (59.8%) were diagnosed with acute appendici-
tis based on clinical history, physical findings, and
laboratory data. The negative appendectomy rate was
3.10% (6/193) in the CT scan group and 17.42%
(50/287) in the non-CT group. Some investigators
have attributed the declining rates of negative appen-

dectomies at their centers to the increased use of CT
scans.'?!* With more use of abdominal CT scans for
suspicious appendicitis cases, we might see a future
decline in the rate of negative appendectomies. How-
ever, there was still an up to 22% perforation rate with
the use of CT scans.'® The optimal initial treatment for
perforated appendicitis may be nonoperative. In our
study, perforation of appendicitis was associated with
a higher percentage of intra-abdominal drainage place-
ment, risk of wound infections, delayed wound clo-
sures, intra-abdominal abscesses, and the length of
hospitalization (Table 3). For this reason, it is impor-
tant to be able to reliably distinguish between acute
and perforated appendicitis. CT scans have been shown
to be highly accurate for the diagnosis of appendicitis,
but they have not been specifically evaluated for per-
forated appendicitis.

Extremes of ages have previously been demon-
strated to be linked to the risk of perforation.'”'® How-
ever, our own data demonstrated no significantly in-
creased risk of perforation in pre-school children, old
age groups, or female patients.

Laboratory data, including leukocytosis, segment
neutrophil predominance, and the presence of band
forms, have a high predictive power as combined di-
agnostic tests to detect appendicitis. Nevertheless,
they are not specific enough to detect a ruptured ap-
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pendicitis.'”?* The C-reactive protein has been stud-
ied to increase the diagnostic rate of acute appendici-
tis.”*? In our study, we found that CRP was higher in
ruptured appendicitis than in simple appendicitis
(72.55£68.38 vs.26.09 £41.23 mg/dL, p <0.001). In
our study, patients had a 5.378 times higher risk of
perforation than those with normal CRP levels, espe-
cially in cases where the C-reactive protein level was
over 30 mg/dl in the emergency department. In other
words, the level of CRP concentration is the only reli-
able laboratory test for the detection of appendiceal
rupture and is positively related to the severity of
acute appendicitis.

It has been demonstrated that CRP could differen-
tiate children with non-perforated appendicitis from
children with perforated appendicitis.?® This observa-
tion has also been reported in adults.?”*® In one study,
an elevated CRP (> 5 mg/l) was measured in 98% of
the patients in the acute appendicitis with perforation
group, as compared to 72.5% in the non-perforation
group. The author concluded that CRP is superior to
bilirubin and WBC levels for anticipating perforation
in acute appendicitis.?’ Thereafter, CRP levels are a
reliable marker to predict perforated appendicitis.

According to the result of the receiver operating
characteristic curve (ROC curve), a CRP level > 30
mg/dl shows the best predictive power in our series. In
a prospective study, when the cutoff value of CRP was
76.7 mg/dl, its sensitivity for detecting acute perforated
appendicitis was 75% and its specificity was 35%.%
Our series showed that the sensitivity and specificity
are 66.3% and 76.2%, respectively. Additionally, the
sensitivity and specificity are significantly influenced
by the cutoff level. Therefore, we still concluded that
the CRP is the best available parameter for predicting
acute perforated appendicitis, even though it does not
have perfect sensitivity and specificity.

Our study revealed that patients with perforation
had a significantly longer duration of the abdominal
pain than patients with non-perforated appendicitis. Pa-
tients with abdominal pain for over 3 days had a 3.029
times higher risk of appendicieal perforation than those
with abdominal pain for less than 3 days (Table 3). The
influence of the time that elapsed between presentation
to the emergency department and the operation out-

come after appendectomy is controversial. Busch et al.
concluded that an in-hospital delay of more than 12
hours was associated with a significantly higher fre-
quency of perforated appendicitis and negatively influ-
enced the outcomes after appendectomy.’! However,
Abou-Nukta et al. identified no statistically significant
differences in the length of stay, operative time, or rate
of complications between adult patients that under-
went appendectomy between 12 and 24 hours as com-
pared to those undergoing the procedure less than 12
hours after emergency department admission.*? Fur-
thermore, Ditillo et al. found that patient delays in pre-
senting to the emergency department were more pro-
foundly related to a worsening pathology than in-
hospital delays.* Following the principle of perform-
ing prompt appendectomy, our patients all underwent
appendectomy less than 24 hours after admission.
This practice made in-hospital delay less significant
as compared with the duration of the abdominal pain.
Combining the results of higher C reactive protein
levels obtained in the emergency department and the
patient delays at presentation are the predominant fac-
tors determining the incidence of complicated appen-
dicitis, regardless of the in-hospital delay. This may
explain why the perforation rate of acute appendicitis
remained approximately 20%, even after the an inter-
vention of negative appendectomy, produced by ab-
dominal computed tomography, decreased.’**

Conclusion

Operation for acute perforated appendicitis is as-
sociated with high morbidity. The increased risk of
perforation appears to be related to delays in presenta-
tion and to CRP levels elevated > 30 mg/dl. Our find-
ings should promote increased awareness in patients
with clinically diagnosed acute appendicitis with ab-
dominal pain > 3 days or CRP levels > 30 mg/dl, as
they are likely to have an appendicular perforation.
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