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Abstract

Introduction: The aim of this study was to create a model for the identification of a
perforated appendicitis.

Patients and Method: All consecutive patients who have undergone an appendectomy
in the DY Patil Medical Hospital, Pune between January 1, 2015 and July 31, 2017
were included in a retrospective cohort study. Baseline patient characteristics, history
and laboratory data were collected. Variables discriminating perforated from non-
perforated appendicitis were identified using univariate and multivariable analyses.
These items were used to create a model to predict perforation.

Results: A total of 498patients were included in the study. In the univariate analysis
leukocyte count (LC), C-Reactive Protein levels (CRP), Erythrocyte Sedimentation
Rate levels (ESR), days of symptoms and temperature were identified as predictors
of perforated appendicitis. A predictive model was created using CRP, LC, ESR,
duration of abdominal pain, and temperature. The predicted probability (P) of a
perforated appendicitis can be calculated from the following model: (P)=1/(1+e(-(-
2.788+0.012*CRP+0.207*days with complaints))).

Conclusion: Perforation of appendicitis can be predicted from the CRP level and
the duration of abdominal pain. These findings might influence the choice between
conservative or surgical treatment of appendicitis, and could provide guidance in the
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Introduction

To date, surgery remains the cornerstone in the treatment of
appendicitis. However, recent research has revealed that antibiotic
treatment might be an appropriate alternative in selected cases.'?
Conservative management with antibiotics causes suppression of
bacterial infection by regression of lymphoid hyperplasia. Thereby
it might prevent ischemia and bacterial invasion in the early stage
of appendicitis.* The complication rates in conservative management
increase with perforation leading to higher failure rates in treatment.
This especially holds true for children, in whom antibiotics fail in 15 to
25percent of cases with perforated appendicitis.* Moreover, previous
studies have revealed a 3.5 to tenfold increase in mortality rate
following perforation.>” Therefore, accurate pre-operative diagnosis
of perforation is important. In patients with suspected appendicitis,
inflammatory markers like leukocyte count (LC) and C-Reactive
Protein level (CRP) provide as much diagnostic information as
clinical findings, such as body temperature and duration of abdominal
pain.® In children CRP values aid in the diagnosis of perforated
appendicitis. Whether LC may discriminate simple from perforated
appendicitis in the pediatric population remains uncertain.”'* Despite
previous investigations it remains unclear whether LC, CRP levels
and Erythrocyte Sedimentation Rate (ESR) levels combined with
body temperature and duration of abdominal pain have a predictive
value in diagnosing a perforated appendicitis in unselected patient
groups.

Aim and objective

The aim of this study was to determine the predictive value of

LC, CRP levels and ESR levels, combined with body temperature
and duration of abdominal pain for the discrimination of simple and
perforated appendicitis in patients with acute appendicitis.

Patients and methods

All consecutive patients who underwent an appendectomy
for an acute appendicitis at the D Y Patil Medical Hospital, Pune
between January 1, 2015 and July 31, 2017, were included in this
retrospective cohort study. All records with the appropriate codes for
open and laparoscopic appendectomy were screened for eligibility.
The eligibility criteria were a histology report showing appendicitis.
Patients were excluded when the removed appendix was not inflamed
(N=27), when a malignancy was present (N=4) or when there were
signs of chronic infection in patients with chronic abdominal pain which
were treated with an appendectomy (N=5). Baseline characteristics
including gender, age, and time interval between presentation at the
Emergency Department and surgery were collected from patient files.
Leukocyte count (LC), C-Reactive Protein levels (CRP), Erythrocyte
Sedimentation Rate levels (ESR), temperature at presentation, and the
duration of abdominal pain as recorded during inspection at the ED
were also collected from the patient records. Information concerning
the type of surgery (open versus laparoscopic procedure), condition
of the appendix (inflamed, necrotic, infiltrate), and the presence of a
perforated appendix was collected from surgical reports. Histology
reports were screened for presence of inflammation and perforation.
Patients were stratified into 2 groups; non-perforated appendicitis and
perforated appendicitis. The perforated appendicitis group consisted
of patients whose surgical report noticed a perforated appendix,
abscess formation or purulent peritoneal fluid. There is controversy
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in literature on how to define a perforated appendicitis, which might
either be based on the surgical report>*7*! or the histology report.!®!3
A second rationale for using the surgeon’s findings as gold standard is
that after-treatment is based upon the surgeon’s opinion. Patients with
perforated appendicitis received three days of intra-venous antibiotics
with Cefazolin and Metronidazole. A comparison of surgeon’s
findings and histology reports of perforated appendicitis was added.

Data analysis

Analysis was performed using the Statistical Package for the
Social Sciences (SPSS). First, univariate analysis was performed by
comparing characteristics between ruptured and simple appendicitis
using Mann-Whitney U-test for numeric variables (e.g., age, ESR,
CRP, LC, temperature, duration of abdominal pain, surgical delay),
and Fisher exact test for categorical variables (e.g., gender). Next,
multivariable logistic regression analysis was performed in order to
model the relation between different covariates and the occurrence of
perforation according to the surgeon. For this, a stepwise regression
model with backward elimination (likelihood ratio) of covariates was
developed. All items included in the univariate tests were entered in
the initial model as covariate. After each step, the covariate with the
worst predictive value based upon a log likelihood test was removed
until the model with the best fit remained. The classification cut-off
for elimination was set at p=0.5.

The best model was selected based upon the criterion
i. Highest Nagelkerke R?,

ii. Best goodness-of-fit according to Hosmer and Lemeshow (HL y2
and p-value), and
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iii. Area under the Receiver Operating Curve of the calculated
probability (P). The coefficients of the final multivariable model
were used to create a formula for calculation of predicted
perforation.

Results

Overall study cohort

A total number of 498patients who underwent appendectomy
with an initial histology report showing appendicitis were included
(Table 1). One hundred and five patients had a perforated appendicitis
according to the attending surgeon (21.1%). The median age was
28.9years (P25-P75 15.9-44.6years). The number of patients under
sixteen years of age was 127(25.5%) and 293(58.8%) of the patients
was male. The appendectomy was performed laparoscopically in
331patients (66.5%). A discrepancy between the surgical report and
the histology report was found in 18 percent of cases. In this study
the median duration between presentation and surgery was six hours
(P25-P75 4-11hours). There was no association between delay and
perforation. However, patients with a perforated appendicitis reported
a longer period of abdominal pain. (p<0.001; Table 1). Univariate
analysis of possible predictors between the groups with perforated
appendicitis and non-perforated appendicitis is shown in Table 1.
No statistically significant differences were noted between both
groups with respect to age, age groups and surgical delay. There
is a significant difference between the groups treated by open or
laparoscopic appendectomy, with more perforations in the open group.
Patients with a perforated appendicitis had higher LC (P 0.011), CRP
level (P<0.001), ESR level (P<0.001) and temperature (P<0.001) than
patients with a simple appendicitis (Table 1).

Table | Univariate analysis of possible predictors between the groups with perforated appendicitis and non-perforated appendicitis*

Age Total(N=498) Nonperforated*(N=393)  Perforated*(N=105) P-value
Children<l6years(n)' 127(25.5%) 100(25.4%) 27(25.7%) 1.000*
Median age(years)' 29(16-45) 28(16-42) 34(15-54) 0.265*
Male(n)' 293(58.8%) 233(53.9%) 60(57.1%) 0.738*
Median duration abdominal pain’(days) 1(1-2) 1(1-2) 2(1-3) <0.001*
Median temperature(°C)? 37.5(37.0-38.0) 37.4(37.0-37.9) 37.9(37.3-38.6) <0.001*
Median surgical delay(hours)? 6(4-11) 6(4-11) 6(4-11) 0.678°
Operation

167( 33.5%) 112(-28.5%) 55(52.4%) <0.00°
Open(n)'
Laparoscopic(n)' 331(66.5%) 281(-71.5%) 50(47.6%) -
Appendicitis(histology report)

355(71.3%) 336(-85.5%) 19(18.1%) <0.001°
Phlegmonous(n)'
Gangrenous(n)' 24(4.8%) 22(-5.6%) 2(1.9%) -
Infiltration(n)' 119(23.9%) 35(8.9%) 84(80%) -
Perforated 107(21.5%) 31(7.9%) 76(72.4%) <0.001°
Median LC(103/ml)? 14,2(11.5-17.4) 14(11.1-17.0) 14.5(12.5-18.4) 0.011*
Median ESR level(mm/hour)? 14(8-24) 11(5-19) 25(14-40) <0.001*
Median CRP level(mg/1)* 50.5(19-106) 38(15-77) 124(71-187) <0.001*
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The items age, gender, surgical delay, LC, ESR, CRP, temperature,
and days with abdominal pain were entered into the initial logistic
regression model. During backward stepwise selection, the following
items were eliminated in consecutive order: gender (p=0.508),
temperature (p=0.450), ESR (p=0.284), and surgical delay (p=0.130).
The model was further refined by a second selection model using
the remaining covariates age, LC, CRP, and duration of abdominal
pain. Age (p=0.505) and LC (p=0.109) were subsequently eliminated
following the backward selection process. The final model included
CRP and duration of abdominal pain and was characterized by a
Nagelkerke R-square value of 0.244 and a Hosmer and Lemeshow
goodness of fit with a Chi-square value of 9.099 and a P-value of
0.334. The specificity of this model is 96.3%; negative and positive
predictive values are 83.7% and 66.7%, respectively. The overall
accuracy is 82.2%. The regression coefficients for the final regression
model are shown in Table 2A. From these coefficients, the predicted
probability (P) of a perforated appendix was calculated using the
following formula: Figure 1 shows the association between CRP
levels and observed perforations in the entire study population. From
this Figure it clear that the correlation between CRP and the risk of
perforation is not influenced by the leukocyte count (panel A) or the
ESR (panel B) (Table 2).

Table 2 Logistic regression model for the prediction of ruptured appendicitis
based on surgical reports

Regression . o/ (v
CRP P-value coefficient Odds ratio(95% Ci)
<0.001 0012 1.012(1.008-1.016)
Days with 0.029 0.207 1.230(1.021-1.481)
abdominal pain
CRP <0.001 0014 1.014(1.009-1.019)
Days with 0.005 0.294 1.093(1.093-1.646)
abdominal pain
A B

Perforation (%)
& 3

Figure | Perforation rates for increasing CRP levels, different LC levels (panel
A) and for different ESR levels (Panel B).

Discussion

The aim of this study was to create a predictive model for perforated
appendicitis using disease history, three laboratory examinations and
body temperature. LC, CRP levels, ESR levels, days of symptoms
and temperature were statistically significantly higher in patients
with a perforated appendicitis. Most studies in the literature focus on
predicting appendicitis.®!®!>1¢ Fewer studies look at the differences
between simple and perforated appendicitis. These studies found
that LC, granulocyte count and the CRP-level have a discriminatory

Copyright:

©2017 Akhil 162

capacity for perforated appendicitis as compared to simple
appendicitis."*!®!1° In our study, CRP-levels weighted most heavily in
the predictive model. The percentage of perforated appendicitis in this
study was approximately 21%, which is in concurrence with literature
data.!'*131¢ Visual signs of perforation as observed by the surgeon
during surgery were used, to define perforation. Most studies in
literature defined their perforated appendicitis group based on surgical
reports. Fewer studies defined this group based on the histology
report'®® and some combined the surgical report with the histology
report.”! Based on the literature and the ICD10 we chose to use the
surgical report. Furthermore, the after-treatment was based upon this
opinion in the surgical report. The discrepancy between the surgical
report and the histology report, which was found in 18% of the cases,
could be explained by mechanical damage to the appendix, or by the
fact that the surgeon did not record the perforation nor the presence
of purulent fluid, or the histology investigation was incomplete
because the request was not to search for a perforation but only for
appendicitis. Because of this discrepancy, we decided to repeat the
data analysis with perforation based on the histology report. This
final model included CRP and duration of abdominal pain and was
characterized by a Nagelkerke R-square value of 0.336 and a Hosmer
and Lemeshow goodness of fit with a Chi-square value of 6.809 and
a P-value of 0.557. The specificity of this model is 85.4%; negative
and positive predictive values are 83.1% and 71.8%, respectively. The
overall accuracy is 81.7%. The regression coefficients for this final
regression model are shown in Table 2B. From these coefficients,
the predicted probability (P) of a perforated appendix was calculated
using the following formula: Predicted probability (P)=1/(1+e(-(-
4.054+(0.014*CRP)+(0.294*days of abdominal pain))). Despite the
discrepancy, the final results of both analyses are almost similar. The
coefficients in the formula are only slightly affected.

We therefore conclude that our model, in which the surgeon’s
observation of the presence of perforation per-operatively, is valid.
In this study we found a statistically significant correlation between
perforation and the choice of surgical intervention, e.g. open or
laparoscopic (P<0.001). We cannot rule out a selection bias in which
an open approach might be chosen more quickly in patients being
severely ill. Furthermore, the Cochrane review, comparing open
versus laparoscopic appendectomy, suggest a nearly threefold increase
of intra-abdominal abscesses after a laparoscopic appendectomy,
which might lead to some Surgeons choosing open appendectomy
more often.'”'®

Conclusion

In conclusion, increased CRP, LC, ESR and temperature were
found to be predictive of perforation in case of appendicitis. Also, a
reliable model including CRP level and duration of abdominal pain,
could be created, which can predict the probability of perforation in
case of appendicitis. Based on such parameters an increased risk of
perforated appendicitis can be established, leading to an early start of
antibiotic therapy before surgery.
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