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Abstract
Objective
To identify diagnostic precision of C-reactive proteins
levels, neutrophils and total leukocyte count in
diagnosing acute appendicitis clinically, taking

histopathology as a benchmark.

Methods
After permission from hospital’s ERC, the data

collection was carried out at surgical department PNS
Shifa over a period of Six months (13 October 2020 to
13 April 2021). Suspected patients of acute
appendicitis reporting to OPD and emergency who
were diagnosed clinically as having acute appendicitis
were included in study. WBC count of >10,000
cells/mm? and neutrophil count of >75% and CRP >6

mg/dl was considered positive. Histopathology reports
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of all clinical suspected patients were collected and
compared with the laboratory tests done preoperatively
to determine their diagnostic accuracy.

Results

Mean age was 38.45(SD z* 6.32) with C. |
(37.31...36.27) years. Out of 121 patients 50 (41.32%)
were male and 71 (58.62%) were female. Diagnostic
precision of CRP, TLC, neutrophils was
(79.34%,76.03%,72.73%) in  diagnosing  acute
appendicitis with sensitivity level of
(80.88%,79.49%,74.36%), specificity
(77.36%,69.77%,69.77%), PPV (82.09%,82.67,81.69)
and NPV was found to be (75.93%,65.22%,60.0%) by
using histology as benchmark.

Conclusion

It is to be concluded that combined C-reactive protein,
TLC and neutrophils count yielded high diagnostic
precision with high sensitivity and specificity as
compare to CRP, TLC and NC separately. Combined
CRP, TLC and NC is cheap, readily available and non-
invasive imaging modality that is reasonably good and
relatively comparable with the histopathology in

diagnosing of acute appendicitis.

Keywords: Appendicitis/ diagnosis; C-Reactive
Protein; leukocyte count; Neutrophil; Histologic

technique

1. Background

Acute appendicitis is amidst the most prevailing cause
of right iliac fossa pain and surgical abdomen
presenting to emergency departments worldwide and
remains one of the most common diseases dealt with
by the general surgeon, with lifetime liability of 8.6%
to 12%in men and 6.7% to 23.1% in women [1]. The
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tendency to have an episode of acute appendicitis is
higher in juvenile and young adult population, but the
incidence of complicated appendicitis shows
divergence among different age groups. Although
classic/straightforward cases of acute appendicitis are
easy to manage, real dilemma lies in diagnosing and
managing the cases of atypical/complicated
appendicitis.  Clinical diagnosis alone leads to
relatively unacceptable negative appendectomy rates of
15 to 30% [1]. The diagnosis is rather more difficult
among female population of productive age [2,3]. In
this review article, the diagnostic considerations of the
disease are reassessed with special highlight on
difficulties in clinical accuracy of the diagnostic
parameters. Early surgical intervention is the key to
prevent appendicular perforation, but unnecessarily
high rates of negative appendectomies can eventually
leads to unavoidable morbidity and even mortality
[4,5]. The conventional use of computed tomography
(CT) abdomen in cases of diagnostic dilemma has
helped to curtail the number of negative
appendectomies  [6,7].  Studies showed that
preoperative use of CT seems to be of more aid and
help to reach a diagnosis among women of age 45
years or younger [4,5]. However, the diagnostic delay
which is encountered by using the CT scan as adjunct
can sometimes delay clinically apparent cases of acute
appendicitis, and therefore can even heighten up the
risk for perforation/complications [8]. Moreover,
unconventional use of CT is associated with elevated
risk of cancer especially in a population who are
exposed to radiation hazard at younger age, as
incidence of acute appendicitis is more in younger
population [9]. In a study, the prevalence of acute
appendicitis was found 23.5% by using CT scan as
adjunct modality [10]. In another study, analysis of
combination of CRP, WBC, neutrophil count with
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ultrasonography was done which concluded an
increase in sensitivity and specificity of overall results
(100%, 80%) [11]. In another study, the sensitivity and
specificity of combined TLC, CRP and percentage of
neutrophil count in diagnosis of acute appendicitis was
88.04% and 94.44% [12]. Appendectomy is the most
commonly performed emergency surgery and is done
by almost every surgeon during the initial period of his
training. Since the definitive description of the clinical
findings of acute appendicitis made by Fitz in 1886,
and McBurney's report to the New York Surgical
Society in 1899, surgical removal of the diseased
appendix has long been considered the standard of care
for the treatment of acute appendicitis. With the
exception of laparoscopic techniques, relatively little
has changed in the surgical technique of appendectomy
since the days of McBurney and Senn. The rationale
of our study is to determine the most precise and
sensitive investigation which aid to improve the
diagnosis of appendicitis and decision-making and
hence decrease negative appendectomy rate also. There
are multiple studies available, which were conducted
in different hospitals and found these inflammatory
markers helpful in diagnosis of suspected cases of
appendicitis. We want to conduct this study in our
hospital if we would find high sensitivity and
specificity of CRP, WBC count, neutrophil count in
detecting appendicitis so in future we will develop
management guidelines and treatment protocols to
detect appendicitis by using C-reactive proteins,
neutrophils count and total leukocyte count alone as an

investigation modality in patients.

2. Materials and Methods
This was a descriptive Cross-Sectional Study, carried
out at Surgical department PNS SHIFA Karachi , over

a period of six months after approval of ethical review
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committee from 13 October 2020 to 13 April 2021.
All patients who were enrolled in study were informed
about the main concept of the research, anticipated
time duration, procedures to be undertaken,
participant’s decision to deny to participate/withdraw
from the research once it has started, as well as the
anticipated consequences and risk/benefit ratio. By
taking sensitivity=88.04%,12 specificity=94.44%,12
P=23.5%,10 d=10% for sensitivity, d= 4% for
specificity and 95% confidence level. The calculated
sample size was 121 patients. Non-Probability
Consecutive Sampling technique was used. Our

inclusion criteria were :

. Patients of either gender.

. Patient with 5-12 years of age for paediatrics.
. Patient with 13-60 years of age for adults.

. Clinically suspected patients of acute

appendicitis ( right sided abdominal pain on the basis
of Visual analogue scale > 7 pain score and any one or
more of the following:

0 Guarding: tensing of abdominal wall
musculature.

0 Fever > 100 °F.

0 Positive Rebound Tenderness.

Exclusion criteria of our patients were :

. Known immunosuppressed/
immunocompromised patients.

. Patients taking steroids.

. Patients with serum creatinine > 1.5 mg/dl

. Patients admitted for interval appendicectomy
(resolved acute phase).

. Diagnosed cases where inflammatory markers

are already raised like rheumatoid arthritis, glomerular
nephritis, SLE, IBD on the basis of clinical record.

. Pregnant women

Patients included in the study were subjected to carry
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out C-reactive proteins and blood complete picture
including differential leukocyte count, neutrophil count
preoperatively and their results were evaluated. WBC
count of > 10,000 cells/mm3 and neutrophil count of >
75% was considered significant. CRP > 6 mg/dl was
considered significant. Histopathology reports of all
clinically suspected patients was collected and
compared with the laboratory tests carried out
preoperatively to determine their diagnostic accuracy.
All data including age, gender, fever, clinical
examinations, white blood cell count, total leukocyte
count, neutophil count was recorded on a Performa.
The effect modifiers and biasness was controlled by
ensuring proper adherance to inclusion and exclusion
criteria. Patient’s data was assembled and scrutinized
through statistical package for Social Sciences (SPSS)
Version 21. Frequency and percentage was interpreted
for qualitative variables like gender, clinical findings
(fever, tenderness, rebound), findings of CRP, TLC,
neutrophil count and histopathology. Mean + SD were
calculated for quantitative variable i.e. age. Sensitivity,
specificity, positive predictive value(PPV) and
negative predictive value(NPV)  and diagnostic
accuracy of the diagnostic tests was also calculated by
using 2 X 2 table. Stratification with respect to age and
gender was done. Post stratification diagnostic
accuracy,  sensitivity, specificity, PPV(positive
predictive value) and NPV(negative predictive value)
were calculated. Post stratification chi squire test was

applied by using P < 0.05 as significant.

3. Results
In this study 121 patients were included to assess the
diagnostic precision of C-reactive proteins, neutrophil

count and total leukocyte count in the identifying
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suspected cases of acute appendicitis taking
histopathology as gold standered and the results were
analyzed as Mean = SD of age was 38.45+6.32 with
CI (37.31....... 36.27) years. Out of 121 patients
50(41.32%) were male and 71 (58.62%) were female.
Fever was noted in 58(48%) while 63(52%) had
normal temperature. Positive tenderness in right lower
qguadrant was found in 85(70.25%). Rebound
tenderness was noted in 77 (63.63%) patients while 44
(36.3%) had no rebound tenderness. Diagnostic
accuracy of CRP was 79.34% in diagnosis of acute
appendicitis with sensitivity 80.88%, specificity
77.36% , PPV 82.09% and NPV was found to 75.93%
by using histopathology as gold standard. Diagnostic
accuracy of TLC was 76.03% in diagnosis of acute
appendicitis with sensitivity 79.49%, specificity
69.77% PPV 82.67% and NPV was found to 65.22%
by using histopathology as gold standard. Diagnostic
accuracy of neutrophil count was 72.73% in diagnosis
suspected cases of acute appendicitis with sensitivity
74.36%, specificity 69.77% PPV 81.69% and NPV
was found to 60.0% by using histopathology as gold
standard. Diagnostic accuracy of combined C-reactive
proteins, total leukocyte count and neutrophil count
was 89.26% in diagnosis of acute appendicitis with
sensitivity 84.75%, specificity 93.55% PPV 92.59%
and NPV was found to 86.57% by using
histopathology as gold standard. Stratification of age
and gender were done with respect to combined C-
reactive proteins, neutrophil count and total leukocyte
count and separately as well to assess diagnostic
accuracy, sensitivity, specificity, positive and negative

predictive value as shown in Table 1 and 2.
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For Age Group 8--40 95% Confidence _ 95% Confidence
(n=85) Interval For Age Group > 40 (n=36) Interval
% Lower Upper % Lower Upper
Sensitivity 85.37 0.75 0.96 Sensitivity 83.33 0.62 1.04
Specificity 93.18 0.86 1 Specificity 91.67 0.8 1.03
Prevalence of | 4, 0.38 0.59 Prevalence of 33.33 0.18 0.49
disease disease
Positive Positive
Predictive 92.11 0.835 1 L 83.33 0.62 1.04
Predictive value
value
Negative .
Predictive 87.23 0.78 0.97 Negative 91.67 0.8 1.02
Predictive value
value
Overall Overall
accuracy** 89.41 0.83 0.96 accuracy** 88.89 0.79 0.99

Table 1: Stratification of age group with respect to combined CRP, TLC, Neutrophil count, n=121

0, 1 0, 1
For Male (n=50) 95% Confidence For Female (n=71) 95% Confidence
Interval Interval
% Lower Upper % Lower Upper
Sensitivity 83.33 0.68 0.98 Sensitivity 83 0.73 0.94
Specificity 88.46 0.76 1.01 Specificity 86.96 0.73 1.01
Prevalence of 48 0.34 0.62 Prevalence of 67.61 0.57 0.78
disease disease
Positive Positive
Predictive 86.96 0.73 1.01 L 93.02 0.85 1.01
Predictive value
value
Negative Negative
Predictive 85.19 0.72 0.99 €9 71.43 0.55 0.88
Predictive value
value
Overall 86 0.76 0.96 Overall 85.41 0.76 0.93
accuracy™ accuracy™

Table 2 : Stratification of gender with respect to combined CRP, TLC, Neutrophil count, n=121

4. Discussion

This cross-sectional study is carried out at Surgical
department PNS SHIFA hospital Karachi. In this study
121 patients were included to assess the diagnostic
precision of C-reactive proteins, neutrophil count and
total TLC in the identifying suspected acute
appendicitis clinically while taking histopathology as
gold standard. The prevailing ages for acute
appendicitis among both genders remains 20-35 years,

the data that corresponds to the literary work that is

carried out for acute appendicitis and highlights its
peak incidence years i.e., teens and early 20’s [1].
Acute appendicitis remains the most familiar surgical
acute abdomen presenting to emergency setups
requiring surgery [1], but due to the dearth of
availability of accurate diagnostic investigations, the
dilemma persists in its confirmation which resulted in
unacceptably high negative appendectomy rates (15-
30%), which in consonance with literature, the

reported clinical precision is 70-95% which is

Journal of Surgery and Research Vol. 4 No. 3 - September 2021. [ISSN 2640-1002] 445




J Surg Res 2021; 4 (3): 441-449

subjected to clinical expertise and skills of the
surgeons [1,4]. This can handicap an already
overburdened health care structure of our region, as
needless surgical procedures can utilize the hospital
resources with resultant unfavourable socio-economic
outcomes and vyieldness [3,4]. As a routine, acute
appendicitis is clinically diagnosed by relying on
patient’s history and examination, eliciting signs and
symptoms of pain RIF, nausea, vomiting, fever,
rebound tenderness at McBurney’s point, psoas and
obturator’s sign. Majority gives history of peri-
umbilical pain which afterwards shift to RIF. But
problem remains, as above mentioned clinical findings
vary from patient to patient with resultant
misdiagnosed cases, which according to the literature
are reportedly as high as 20% [1,2]. In this article
diagnostic precision of combined C-reactive proteins,
TLC and neutrophil count was 89.26% in cases of
acute appendicitis with sensitivity 84.75%, specificity
93.55%, PPV 92.59% and NPV 86.57% by using
histopathology as gold standard. A study reported
negative appendectomy rate of 15.3% with added
increase in length of hospital stay, financial burden to
both patient and health care system with infectious
sequela of the surgery [4]. Similarly, S Scammell et al
in their study found out the negative appendicectomy
rate of 16.5% while perforated cases were near 23.7%.
They suggested to use ultrasound as a pre-operative
adjunct to decrease the rates of negative
appendectomies as it gives a high sensitivity of 83.3%
and specificity of 97.4%, especially in younger
population [5]. In the current study diagnostic accuracy
of TLC was 76.03% in diagnosis of acute appendicitis
with sensitivity 79.49%, specificity 69.77% PPV
82.67% and NPV was found to 65.22% by using
histopathology as gold standard. Haider Kamran et al

stressed on the significance and role of TLC as a
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clinical adjunct investigation to help diagnose cases of
acute appendicitis, but not to use it as a single criterion
[17]. Gulten Kiyak et al in their study proposed that
raised TLC with or without using ultrasound as a pre-
operative protocol had aided in diagnosing acute
appendicitis cases particularly among female patients
of fertile age group [18-20]. Our study also depicts that
TLC has more sensitivity over CRP in acute
appendicitis patients which correlates with the results
of other studies and also with Shehzad Ahmed Abbasi
et al. which confirmed about supremacy of TLC over
ultrasound in both sensitivity and diagnostic accuracy.
Our results indicated p value of TLC as 0.00 which is
statistically significant, this high turnout value further
adds to its clinical implications [8,20], but at the same
time our study also proposed that the sole diagnostic
criteria to use TLC as a diagnostic tool can be an
overestimation, therefore combination of TLC with
other diagnostic parameters like CRP, neutrophils and
ultra sound is needed to increase the specificity and
sensitivity of the diagnosis [8,9,13,17,20-22]. Same is
proposed by Arshad Kamal and his colleagues, that
clinical score of TLC is heightened when it is used in
combination with neutrophils and CRP [8,9,13,17-21].
Furthermore, it has been proposed in the literature that
in cases where there is a diagnostic dilemma, clinical
assessment always has a upper hand if compared to
TLC alone. In routine practice, differential count
shows shift to left which depicts increased neutrophils
percentage in patients with acute appendicitis. This
specific clinical picture proclaims body’s response of
inflammation to diseased appendix. A number of
articles have reported neutrophilia of >75% as a
significant finding in more than 75% of the patients.
In our study diagnostic precision of neutrophil count
was 72.73% in diagnosing acute appendicitis with
sensitivity of 74.36%, specificity 69.77% PPV 81.69%
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and NPV of 60.0%. Similarly Adnan A. Mohammed
and colleagues also addressed in their article that they
observed increased neutrophil response in patients who
present with acute appendicitis. Subsequently as the
disease progresses, more bacterial invasion occurs
along the layers of appendix there is a generalized
increase in  TLC alongwith the pre-existing
neutrophilia. Therefore, the diagnostic supremacy of
TLC is increased if the neutrophil percentage is taken
into account [23]. In another study it was summarized
that neutrophils percentage was correlated to different
stages of appendicitis.16 While S. Ali and colleagues
noticed in their research that elevated neutrophil
percentage when used alone was less sensitive
(58.52%) and specific (61.90%). When neutrophils
percentage is alone taken into account its sensitivity
ranges between 60-84%, but if combined TLC and
Neutrophil percentage is used the sensitivity reached
around 87%. Our study elaborated a clear association
between neutrophil count and acute appendicitis but
when compared to TLC, it is less sensitive and
specific. Although the p value was statistically
significant. Furthermore ,when the percentage of
neutrophils is united with CRP, TLC and ultra sound
the overall sensitivity and specificity of investigations
is positively increased, which greatly improves the
chances to correctly diagnose acute appendicitis in
equivocal cases [5,19]. CRP is an acute phase reactant
protein, which upon any inflammatory/infectious
trigger inside the body is produced by the hepatocytes
depicting body’s response to a diseased state. It starts
to elevate in concentration within 8-12 hours of onset
of any acute infection/inflammation and level peaks at
24-48 hours and persists elevated till the triggering
process lasts. On/off many research articles have been
published to evaluate its significance and role in acute

appendicitis patients. The observed anticipated values
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of CRP during the episode of acute appendicitis vary in
sensitivity and specificity among different studies i-e.
40-99% and 27-90% respectively [12,13]. Many
researchers proposed in their work that a CRP value
within a limit signifies a normal appendix without
inflammation  [12,13-16]. In current literature
diagnostic accuracy of CRP was 79.34% in diagnosis
of acute appendicitis with sensitivity 80.88%,
specificity 77.36%, PPV 82.09% and NPV was found
to be 75.93% by using histopathology as gold standard.
In a recent published study it is stated that CRP is a
better lab indicator when combined with neutrophil
count and TLC in diagnosing complicated/equivocal
cases of acute appendiceal inflammation. Elevated
concentrations of CRP with or without elevated
TLC/neutophil count mandated exploration, and in
many cases combination of these investigations
deferred the use of CT scan as a pre-operative
investigation, therefore it is suggested to go for CRP
along with TLC and neutrophils as a pre-operative
investigation for cases in which the diagnosis is
equivocal. Another author reported the same results
that CRP had the highest sensitivity and specificity of
the tests that they performed for acute appendicitis
90%, 80% respectively. Also the combination of CRP
with TLC elevates the diagnostic value of the
investigations with sensitivity and specificity of
96.25%, 80% respectively. Shefki Xharra et al, Shozo
Yokoyama et al and Adnan A. Mohammed et al also
stressed on the idea that raised CRP levels were more
diagnostic than neutrophils and TLC and were directly
correlated to the severity of appendiceal inflammation.
Our P value for CRP was significant which shows its
probable association with acute appendicitis directly,
but when comparison is done with TLC, it is less
sensitive. Our study also concluded that combination
of CRP with other parameters like TLC and
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neutrophils reported higher sensitivity and specificity.
It is to be stressed here that CRP is not a replacement
of clinical diagnosis, but it be incorporated as an
adjunct investigation due to its clinical importance
,cost effectiveness and readily availability.  Our
limitation of study was that we used a simple cut off
value for CRP to label our patients as positive or
negative only. Many studies have demonstrated the
direct link between serum CRP levels and the severity
of disease/appendicitis [13,23]. Also we did not
include ultrasound and CT scans as a protocol in our
study, the role of these investigations is already known
in equivalent cases [10,11]. By using the laboratory
levels of CRP, neutrophils and TLC as a protocol for
any new research, we can work on to find the severity
of appendicitis and can find a link between the these
parameters. And henceforth a new guideline for the
surgical management of acute appendicitis can be
formulated using these laboratory parameters as a pre-

operative routine.

5. Conclusion

It is to be concluded that combined CRP, TLC and
neutrophil count was having high diagnostic accuracy
with high sensitivity and specificity as compare to
CRP, TLC and neutrophil count separately. Although
histopathology is the gold standard in diagnosing acute
appendicitis. Combined CRP, TLC and NC is cheap,
readily available and non-invasive imaging modality
that is reasonably good and relatively comparable with
the biopsy in diagnosis. However, combined CRP,
TLC and NC is better in determining the extent of the

disease and its complications.
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