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Avoiding negative appendectomies in rural surgical practice:
Is C-reactive protein estimation useful as a diagnostic tool?
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ABSTRACT
Background. Appendectomy is one of the most frequently

performed abdominal operations in rural surgical practice. In
spite of various preoperative investigations to aid in the
diagnosis, the rate of negative appendectomies is 15%–30%.
Qualitative C-reactive protein (CRP) estimation is an inexpensive
diagnostic test which can be done in small laboratories using
a simple kit. We studied the value of estimating the CRP
level in diagnosing acute appendicitis and reducing negative
appendectomies.

Methods. Patients who had been clinically diagnosed with
acute appendicitis and planned for appendectomy, were
selected by purposive sampling. Leucocyte counts, CRP level
estimation and ultrasonography of the abdomen were done
preoperatively. The sensitivity, specificity, predictive value,
diagnostic accuracy, false-positive and false-negative rates,
and likelihood ratios were calculated for various components
of the diagnosis.

Results.  Of the 238 patients, 193 had histological evidence
of acute appendicitis. When the diagnosis was based on the
consultant’s decision, the overall negative appendectomy rate
was 18.9%. CRP level estimation yielded a sensitivity of 98%
(95% CI 95%–100%) and specificity of 87% (95% CI
73%–94%). A positive CRP value was associated with acute
appendicitis (p<0.0001). Adding CRP to the diagnostic
work-up increased the sensitivity to 100% (95% CI 98%–
100%) and diagnostic accuracy to 92% (95% CI 87%–
95%), and would have reduced negative explorations to 3%.

Conclusion. CRP estimation complements the clinical
diagnosis by a consultant surgeon, and should be included in the
diagnostic work-up of appendicitis. CRP estimation is inexpensive
and does not add an undue burden to the cost of management.
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INTRODUCTION
Acute appendicitis is a common abdominal surgical emergency,
but its diagnosis remains a challenge. The procedure is plagued by
a high rate of negative explorations. The diagnosis of acute
appendicitis is generally established by a clinician, based on the
patient’s history and clinical examination.1 The importance of
specific elements in the clinical diagnosis of appendicitis is
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controversial.2 There is no single reliable test with satisfactory
sensitivity and specificity. In spite of various investigations to
improve the accuracy of diagnosis, the rate of removal of normal
appendices remains 15%–30%.3 In India, ultrasonography is
often not available in a rural surgical setting. Qualitative serum C-
reactive protein (CRP) estimation is an inexpensive diagnostic
test which can be performed in small laboratories with the help of
a simple kit. We evaluated the role of serum CRP level estimation
in improving the accuracy of diagnosis of acute appendicitis to
reduce negative appendectomies.

METHODS
Patients who attended the outpatient surgery clinic of Father
Muller Medical College Hospital, Mangalore, Karnataka between
May 2003 and April 2005 formed the study population. Those
with clinically diagnosed acute appendicitis and planned for
appendectomy were selected for the study by purposive sampling.
Clearance of the hospital ethics committee was obtained before
undertaking the study.

The patients were independently assessed and clinically
diagnosed with acute appendicitis by the on-call consultants of
the Department of Surgery. Total and differential leucocyte counts
were done preoperatively. Leucocytosis was defined as 10×109/L
and neutrophilia as >75% neutrophils among white blood cells on
differential leucocyte count. An ultrasound of the abdomen was
done in all patients. The Alvarado score, which is a 10-point
scoring system for the diagnosis of acute appendicitis, was
computed in all the patients. The score is based on eight predictive
factors, namely localized tenderness in the right lower quadrant (2
points), leucocytosis (2 points), migration of pain (1 point), shift
to the left (1 point), temperature elevation (1 point), nausea-
vomiting (1 point), anorexia (1 point), and direct rebound pain (1
point). The patients were then reassessed by the concerned
consultants based on the investigation reports, and those diagnosed
as having acute appendicitis were advised appendectomy.

Serum CRP estimation was done preoperatively in all the
patients. The on-call consultants were not aware whether the CRP
had been estimated and the results of the tests were not used in
making a diagnosis. CRP was estimated using the latex
agglutination slide test method in undiluted serum using the
Humatex CRP test kit (Human Gesellschaft fur Biochemica und
Diagnostica mbH, Wiesbaden, Germany). A positive reaction
(serum CRP >6 mg/L) was denoted by a distinctly visible
agglutination of latex particles in the test cell of the slide.

The histopathology report was considered as the gold standard.
The patients were grouped on the basis of their histopathology
reports into those with an inflamed appendix (acute appendicitis)
and those with a normal appendix.
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The data were analysed to assess the value of serum CRP
estimation in diagnosing acute appendicitis, as observed at
histology. The sensitivity, specificity, predictive value, diagnostic
accuracy, false-positive and false-negative rates, and likelihood
ratios were analysed for various components of the diagnosis and
combinations. Data analysis was done using statistical software
(Graphpad QuickCalc). Confidence intervals (CI) were computed
using the modified Wald method. Fisher exact test was used to
ascertain the statistical significance of association of raised serum
CRP value with acute appendicitis.

RESULTS
A total of 238 patients were included in the study (Fig. 1). Of
these, 213 patients were clinically diagnosed with acute
appendicitis and were considered for emergency appendectomy.
Twenty-five patients were initially planned for observation as the
diagnosis was uncertain, but were considered for appendectomy
within 24 hours of admission.

The age of the patients ranged from 15 to 64 years (mean: 27.4
years) with a slight male predominance (M:F::1.25:1). Of the 238
patients, 193 had acute appendicitis on histopathological
examination (181 of these had an initial clinical diagnosis of acute
appendicitis while 12 did not) whereas 45 had a normal appendix
(32 of these had an initial clinical diagnosis of acute appendicitis

while 13 did not). This included acute appendicitis in 115 of 132
(87%) men and 78 of 106 (74%) women. Pain abdomen was the
predominant symptom in all the patients, followed by vomiting,
anorexia, migration of pain and fever (Table I). Right iliac fossa
tenderness was also noted in all the patients. The other predominant
signs included those of peritoneal irritation and tachycardia
(Table I). When analysed individually, none of the symptoms or
signs had adequate sensitivity and specificity for the diagnosis of
acute appendicitis. Murphy’s triad of symptoms, i.e. pain abdomen,
vomiting and fever, though present in only 64 of 193 patients with
acute appendicitis, had a specificity of 89%. The initial clinical
diagnosis had a sensitivity of 94% (95% CI 89%–97%), specificity
of 29% (95% CI 18%–43%) and a diagnostic accuracy of 82%
(95% CI 76%–86%).

The sensitivity was highest for CRP (Table II) at 98% (95%
CI 95%–100%), followed by leucocytosis at 74% (95% CI 67%–
80%). CRP also had a high specificity of 87% (95% CI 73%–
94%), followed by ultrasonography at 76% (95% CI 61%–86%).
Alvarado score had a lower sensitivity and specificity of 65%
(95% CI 58%–71%) and 67% (95% CI 52%–79%), respectively.
Diagnostic accuracy was highest for CRP at 96% (95% CI 93%–
98%), followed by leucocytosis at 72% (95% CI 66%–77%). The
post-test probability for CRP was 97%. Fisher exact test revealed
a statistically significant two-tailed p<0.0001 suggesting that an

TABLE I. Predominant symptoms and signs and their validity in the diagnosis of acute appendicitis
Symptom/sign n Histopathology Sensitivity Specificity Likelihood Post-test

Acute appendicitis Normal appendix (%) (%) ratio + probability (%)

Pain abdomen 238 193 45 100 0 1.00 81
Migration of pain 121 104 17 54 62 1.42 86
Anorexia 135 107 28 55 38 0.89 79
Vomiting 139 114 25 59 44 1.05 82
Fever 87 79 8 41 82 2.28 91
Murphy’s triad 69 64 5 33 89 3.00 93
Tenderness* 238 193 45 100 0 1.00 81
Rebound tenderness* 183 159 24 82 47 1.54 87
Guarding* 124 105 19 54 58 1.29 85
Tachycardia 137 131 6 68 87 5.23 96
Pyrexia 87 79 8 41 82 2.28 91
* in the right iliac fossa

FIG 1. Serum C-reactive protein (CRP) estimation in acute appendicitis (STARD flow diagram)

Patients with suspected appendicitis planned for appendectomy (n=238)

Serum CRP level

CRP >6 mg/L (n=196) CRP <6 mg/L (n=42)

Final diagnosis on histopathology

Inflammed appendix Normal appendix Inflammed appendix Normal appendix
n=190 n=6 n=3 n=39
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elevated serum CRP value was significantly associated with acute
appendicitis.

We evaluated 4 diagnostic ‘tests’ as an adjunct to the clinical
diagnosis by the consultant—leucocytosis, neutrophilia, Alvarado
score and serum CRP. We found that all patients with acute
appendicitis had at least one of these tests abnormal. Of the 4 tests,
all were positive in 44% (85/193), 3 in 21.8% (42/193), 2 in 28.5%
(55/193) and 1 test in 5.7% (11/193) of patients with acute
appendicitis. Among patients with a normal appendix, all 4 were
present in 6.7% (3/45), 3 in 20% (9/45), 2 in 6.7% (3/45), 1 in 11.1%
(5/45) and none in 55.6% (25/45). Combining clinical diagnosis
with abnormal results of at least 1 of the 3 above-mentioned
‘tests’—leucocytosis, neutrophilia or Alvarado score—had a
sensitivity of 94% (95% CI 90%–97%), specificity of 58% (95% CI
43%–71%) and a diagnostic accuracy of 87% (95% CI 83%–91%).
However, when clinical diagnosis was combined with abnormal
results of at least 1 of the 4 tests––serum CRP estimation in addition
to the above 3 tests, increased the sensitivity to 100% (95% CI
98%–100%) and the diagnostic accuracy to 92% (95% CI 87%–
95%). However, the specificity decreased to 56% (95% CI 41%–
69%). The positive predictive value was 91% (95% CI 86%–94%)
and the negative predictive value was 100% (95% CI 84%–100%).

DISCUSSION
Acute appendicitis is a common abdominal surgical emergency
and appendectomy is one of the most frequently performed
abdominal operations in rural surgical practice. The diagnosis of
acute appendicitis is usually made by a surgeon based on the
history and clinical examination. The negative appendectomy rate
based on clinical diagnosis is 15%–30%.1 Appendectomy, like
any other operation, has socioeconomic consequences—hospital
expenses, lost working days and reduced productivity.4

Leucocytosis and neutrophilia are present in around three-
fourths of patients with acute appendicitis, but may be present in
other inflammatory conditions as well. Doraiswamy, in his study
of 225 patients, reported leucocytosis in 42% and neutrophilia in
96%.5 In our study, leucocytosis was seen in 74% and neutrophilia
in 67% of patients.

Ohmann et al.6 evaluated 10 different diagnostic scoring systems
for acute appendicitis in a database of 1254 patients. The Alvarado
scoring system was the only one that fulfilled all four of the authors’
criteria.6 Alvarado suggested that a score of >7 indicates probable
appendicitis and these patients may require surgery, whereas a score
of 5 or 6 may be compatible with the diagnosis of appendicitis, but
may be observed.7 A high score was found to be an easy and
satisfactory aid to early diagnosis of acute appendicitis in children
and men, but had a high false-positive rate in women. However,
various studies have shown that the Alvarado score is not particularly
useful. In our study, the Alvarado score had a low sensitivity (65%),
specificity (67%) and diagnostic accuracy (65%).

Though ultrasound is useful for diagnosing acute appendicitis,
it adds to the cost of patient care and is often not available in rural
settings. Moreover, the accuracy of ultrasound is dependent upon
the operator, and inter-observer variation is a disadvantage. The
main advantage of ultrasonography is to establish an alternative
diagnosis which, however, does not exclude acute appendicitis.
Despite experienced radiologists doing the ultrasound test at our
centre, it had a poor sensitivity (55%) and specificity (76%).

Diagnostic laparoscopy, computerized tomography (CT) scan,
technetium-99m (Tc99m) study and magnetic resonance imaging
(MRI) are other investigations that are either moderately reliable
or not cost-effective. Hoffmann et al.8 evaluated the sensitivity,
specificity and accuracy of laparoscopy (70%–100%, 73%–95%
and 100%, respectively), against those of CT scan (87%–98%,
83%–97% and 93%, respectively) and Tc99m study (91%, 100%
and 94%, respectively). Despite advances in imaging and diagnostic
tests, the diagnosis of acute appendicitis remains a challenge.

Estimation of the CRP level is a measure of acute phase
reaction and can be measured in the serum 6–12 hours after the
onset of an inflammatory process. Because of its ease of perfor-
mance, availability even in rural settings and cost-effectiveness,
serum CRP level estimation is rapidly emerging as a useful
diagnostic tool. CRP is the earliest inflammatory marker because
of its marked rise in response to inflammation, and is always
associated with a pathological condition. CRP values have been
found to rise on repeated testing, whereas leucocyte counts have
been found to decrease. Being an acute phase reactant, CRP may
be raised in other conditions as well, and hence the specificity of
CRP is low as a stand-alone screening test for acute appendicitis.
However, CRP level estimation in patients clinically suspected to
have acute appendicitis yields high sensitivity and specificity as
shown in our study. Serum CRP level estimation in the diagnosis
of acute appendicitis yielded a sensitivity of 98% and specificity
of 87% in our study (Table III).

TABLE II. Comparison of various diagnostic components of acute appendicitis
Item Sensitivity Specificity PPV NPV Diagnostic LR+ LR– Post-test

(%) (%) (%) (%) accuracy (%) probability (%)

Clinical diagnosis 94 29 85 52 82 1.32 0.21 85
Leucocytosis 74 62 89 36 72 1.95 0.42 89
Neutrophilia 67 73 91 34 68 2.48 0.45 91
Ultrasonography 55 76 91 28 59 2.29 0.59 91
Alvarado score 65 67 89 31 65 1.97 0.52 89
C-reactive protein 98 87 97 93 96 7.54 0.02 97
PPV positive predictive value  NPV negative predictive value   LR+ likelihood ratio for positive test result   LR– likelihood ratio for negative test result

TABLE III. Diagnostic validity of C-reactive protein in acute appendicitis
Test Total Men Women

(n=238) (n=132) (n=106)

Sensitivity (%) 98 99 97
Specificity (%) 87 76 93
PPV (%) 97 97 97
NPV (%) 93 93 93
Diagnostic accuracy (%) 96 96 96
Positive likelihood ratio 7.54 4.13 13.86
Negative likelihood ratio 0.02 0.01 0.03
Pre-test probability (%) 81 87 74
Pre-test odds 4.26 6.69 2.85
Post-test odds 32.12 27.63 39.5
Post-test probability (%) 97 97 98
PPV positive predictive value  NPV negative predictive value
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TABLE IV. Comparison with other studies of the validity of serum C-reactive protein in acute appendicitis
Study group Sample size Sensitivity Specificity False-negative False-positive Accuracy

(n) (%) (%) rate (%) rate (%) (%)

Asfar et al.9 78 93.6 86.6 — — —
Shakhatresh4 98 95.5 88.9 4 11 95
Erkasap et al.10 102 96 87 — — —
Gurleyik et al.1 108 93.5 80 3 11 91
Amalesh et al.3 192 91 42 — — —
Pruekprasert et al.11 193 62 56 — — 61
Hallan and Asberg (meta-analysis)12 3436 (22) 40–99 27–90 — — —
Our study 238 98 87 2 13 96

The overall negative appendectomy rate in our study was 19%
(26% in women and 13% in men) when the diagnosis was based
on a consultant’s decision. If CRP level had been added to the
clinical diagnosis, the rate of negative appendectomies would
have reduced to 3% (2% in women and 3% in men). Hence,
estimation of CRP level is beneficial, especially in women, as the
chances of negative appendectomy are higher in women.

Many studies have investigated the role of CRP level in
improving the diagnosis of acute appendicitis, but the sample
sizes have always been small. The results of most studies are
comparable with those of our study (Table IV).9–12

In our study, serum CRP estimation in acute appendicitis had
a false-negative rate of 2% (1% in men and 3% in women), which
is comparable with the results of other studies. False-negative
reactions usually occur early in the course of the infection. Other
reasons are due to technical errors in testing. Because CRP levels
can increase rapidly, the latex agglutination assay is subject to
false-negative reactions due to a prozone-type phenomenon in
which all the antibody-combining sites on the latex particles are
bound to an excess of CRP, so no cross-linking or agglutination
can occur. This can be avoided by performing the test on several
dilutions.

One limitation of our study is that we did only a qualitative
assessment of CRP levels. Quantitative assessment of CRP levels
may have yielded more information but is more expensive. We
were searching for an effective diagnostic test which can be done
easily and economically, even in a rural surgical set-up. In our
study, a positive CRP indicates a CRP content of >6 mg/L in
undiluted serum. The cut-off values for a positive test varied from
5 to 25 mg/L in various studies.12 After analysing 568 patients who
underwent appendectomies, Wu et al. suggested that different
cut-off values of CRP concentration may be a useful predictor in
the diagnosis of acute appendicitis.13 They recommended the
following cut-off values for CRP concentration to distinguish
acute appendicitis from other acute abdominal diseases on the
first, second and third days after onset of symptoms: acute
appendicitis 1.5, 4.0 and 10.5 mg/dl, respectively; and perforated
appendicitis 3.3, 8.5 and 12.0 mg/dl, respectively.13

Thus, appendicitis is unlikely if all 4 diagnostic tests are
negative. We wish to stress that estimation of serum CRP level

does not replace clinical diagnosis, but is a useful adjunct to the
diagnosis of acute appendicitis.

Conclusion
CRP is an important diagnostic test, especially when combined
with other modalities. Since acute appendicitis is unlikely in
patients with an Alvarado score <7, normal white cell count and
CRP value, conservative treatment in such patients will reduce
negative explorations. CRP estimation is inexpensive and can
significantly reduce the rate of negative appendectomies, especially
in women. It can be done in rural surgical settings and should be
included in the diagnostic work-up of patients with acute
appendicitis.
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