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ABSTRACT

BACKGROUND
Acute appendicitis is the most common surgical emergency. So far no single criteria can accurately confirm the preoperative
diagnosis of acute appendicitis in the suspected cases. Every effort should be made to establish an exact diagnosis. This has
resulted in considerable research to find out the role of various clinical scores, laboratory, radiological parameters and diagnostic
laparoscopy in diagnosing appendicitis. However, despite availability of various biochemical and radiological diagnostic
investigations like total leucocyte count (TLC), C-reactive protein (CRP), Procalcitonin (PCT), D-dimer and ultrasonography (USG)
and computed tomography (CT) scan, a negative appendectomy rate of 5% - 30% has been reported in literature. A wide
variation exists in sensitivity, specificity, positive predictive value and negative predictive value of these parameters in various
studies conducted earlier.

The present study is aimed to evaluate, correlate and compare the diagnostic efficacy of clinical score, various biochemical
investigations and USG in cases operated with pre-operative diagnosis of acute appendicitis with confirmation of final diagnosis
by histopathology.

MATERIALS AND METHODS

This study was carried out during a period from February 2014 to July 2015 and included 100 consecutive patients of acute
appendicitis. Alvarado score, total leucocyte count, C-reactive protein, Procalcitonin, D-dimer and ultrasonography were
performed in all cases preoperatively and histopathological examination done postoperatively.

RESULTS

Age of patients ranged from 10 to 74 years with mean age of 29.24 years; 71 were males and rest were females with the male-
to-female ratio being 2.44: 1. Alvarado score was = 7 in 75 cases of proven appendicitis and in 4 cases of normal appendix with
sensitivity, specificity, PPV, NPV and diagnostic accuracy of 78.94%, 20.00%, 94.93%, 4.76% and 76%. TLC was = 10,000/mm?3
in 55 cases of the patients with acute appendicitis and in 3 cases of normal appendix. The sensitivity, specificity, PPV, NPV and
diagnostic values of TLC were 57.89%, 40.00%, 94.83%, 4.76% and 57.00% respectively. CRP was = 5 mg/dL in 90 cases and
86 cases had acute appendicitis on histopathology. The sensitivity, specificity, PPV and NPV of CRP were 90.53%, 20.00%,
95.56% and 10.00% respectively with a diagnostic value of 87%. D-dimer > 0.5 pg/dL was seen in 69 cases and 65 cases were
having acute appendicitis on histopathology. The difference was not found to be significant (p= 1). Sensitivity, specificity, PPV,
NPV and diagnostic accuracy were 68.42%, 80%, 98.48%, 11.76%, 66% respectively. Procalcitonin level in 33 cases was > 1
ng/dL, out of which 32 cases had acute appendicitis on histopathology. Sensitivity, specificity, PPV, NPV and diagnostic accuracy
of PCT were 33.68%, 80%, 96.97%, 05.97% and 36% respectively. USG findings suggested acute appendicitis in 90 cases, out
of which 86 patients had acute appendicitis. The sensitivity, specificity, PPV, NPV and diagnostic accuracy were 90.53%, 20.00%,
95.55%, 10.00%, 87% respectively. Histopathological findings of acute appendicitis were confirmed in 95 cases, while in five
cases appendix was normal on histopathology.

CONCLUSION

Negative appendectomy rate in our study was 5%. Alvarado score, various laboratory investigations or USG are not sufficient
on their own for taking the decision for surgery. USG and CRP were the most sensitive investigations with equal diagnostic
value. Among the inflammatory markers, the diagnostic value of CRP was higher than PCT and D-dimer. CRP and USG along
with Alvarado score can increase the diagnostic accuracy in acute appendicitis.
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BACKGROUND

Acute appendicitis remains most common emergency
surgery. The accurate diagnosis of acute appendicitis on
clinical examination alone remains a challenge in assessment
of women of child bearing age and children. The initial
misdiagnosis rate for appendicitis range from 28% - 57% for
older children and may reach up to 100% for those 2 years
or younger.! A delay in diagnosis of acute appendicitis is
associated with increased risk of perforation (35%) and
further complications.? Surgeons have accepted higher rate
of negative appendectomies in order to decrease the
incidence of perforation. This approach has been
increasingly questioned in today’s era of cost effective health
care conflicts and litigation.3 The goal of surgical treatment
is removal of inflamed appendix before perforation with
minimal number of negative appendectomies. Many
attempts have been made to determine ways of decreasing
the negative laparotomy rate after a clinical suspicion of
acute appendicitis. A negative appendectomy rate of 3% -
30% has been reported in literature and many surgeons
would accept a rate of up to 20% as inevitable.* Clearly,
other aids for diagnosis are required and it would be of
interest to know whether the additional use of laboratory,
radio-imaging or laparoscopy could reduce the negative
appendectomy rate in this group.” This has resulted in
considerable research on various clinical scoring system,
laboratory and radiological studies to improve the diagnostic
accuracy in acute appendicitis.®’® Leucocyte count and C-
reactive protein (CRP) are the most commonly used
laboratory tests. Procalcitonin (PCT) and D-dimer have been
studied as novel biomarkers for the diagnosis of acute
abdomen in recent years.? Ultrasound (USG) has been
increasingly used in the past years for the diagnosis of acute
appendicitis with high sensitivity and specificity rates.! Plain
abdominal films and barium studies are considered of limited
value. Computed Tomography (CT) scan is complimentary
to ultrasonography, but with disadvantages of greater cost
exposure to ionising radiation and contrast agents. However,
in doubtful cases it may be helpful to diagnose the
condition.!! Tc-labelled WBC (white blood cell) scan has a
sensitivity of about 90% and specificity of 80% - 90%.!?
Laparoscopy has advantage in suspected cases of acute
appendicitis to visualise and exclude other causes of right
iliac fossa pain.'3 In various studies a wide variation exists
in sensitivity, specificity, positive predictive value and
negative predictive value of clinical score, laboratory
investigations and USG in diagnosing acute appendicitis.
Very few studies are there, in which efficiency of different

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 4/Issue 68/Aug. 24, 2017

Original Research Article

diagnostic modalities for the diagnosis of acute appendicitis
is evaluated and correlated. Thus, we planned to evaluate
the role of Alvarado score, total leukocyte count, C-reactive
protein, procalcitonin, D-dimer and ultrasound in acute
appendicitis and correlate their efficacy with the operative
and histopathological findings.

Recognition of acute appendicitis as a clinical entity is
attributed to Reginald Aeber Fitz who presented a paper on
it in 1886.1* Charles McBurney is credited with the first
attempt to make a diagnostic criterion for acute appendicitis
by describing the McBurney’s point.> While Claudius
Amyand F.R.S records the first removal of the human
appendix in 1735, during the course of operation for
hernia.1® Mestivier in 1759 was the first to wilfully open an
appendiceal abscess.” Hancock in 1948 did the laparotomy
for peri-appendicular suppuration and proposed such
treatment for all such cases with abscess before pointing or
fluctuation had occurred, or even before adhesions to the
anterior abdominal wall had formed. The procedure looked
to be temerarious in the extreme, in spite of excellent
recovery made by his patient.1” In 1886, Hall was the first
American surgeon to remove a gangrenous appendix found
incidentally in a strangulated inguinal hernia.!81° In the
same year, Fitz published the first 100 cases of successful
drainage of abscess of the appendix that covered the period
from 1848 to 1886 that he was able to find in the literature
of his country. The greatest contributor to the advancement
in the treatment of appendicitis is of Charles McBurney. In
1889, he published his landmark paper in the New York
medical journal describing the indications for early
laparotomy for the treatment of appendicitis.2%2! Semm is
widely credited with performing the first successful
laparoscopic appendectomy in 1982.22 Roy G et al (1969)
found that out of 451 cases of appendicitis, 408 cases had
inflamed appendix, 27 looked normal and 16 had doubtful
inflammation and signs of previous inflammation in 51
cases.> Samsi et al (1969) in their study of consecutive
cases of acute appendicitis with their histological findings
that in the series of 100 cases operated for acute
appendicitis 71 showed definitive evidence of acute
appendicitis, 22 showed no evidence of acute inflammation,
while 4 appeared normal.2* Chang FC et al (1977) in their
study of rate of the negative appendectomies stated that in
183 patients, 33% of the patients were found to have a
disease other than appendicitis.?>

Alvarado (1986) conducted a retrospective study of 305
patients hospitalised with abdominal pain suggestive of
acute appendicitis. Signs, symptoms and laboratory findings
were analysed for specificity, sensitivity, predictive value and
joint probability. The total joint probability, the sum of a true
positive and a true negative result was chosen as a
diagnostic weight indicative of the accuracy of the test. Eight
predictive factors were found to be useful in making the
diagnosis of acute appendicitis. Their importance according
to their diagnostic weight was determined. This score help
in interpreting the confusing picture of acute appendicitis.2®
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Ultrasonography examination using graded compression
is the examination of choice if there is doubt whether
appendectomy should be performed.® Abu-Yosuf MM et al
(1987) showed ultrasonography technique was found to be
accurate in the diagnosis of acute appendicitis with a
specificity of 85%, a sensitivity of 80% and an accuracy of
90%.%” Stephens PL and Mazzucco 1] (1999) compared
ultrasound to the Alvarado score for the diagnosis of acute
appendicitis, neither one was found to be absolutely
accurate. However, the false positive rate is reduced to zero
when both studies are positive and ultrasound improved
diagnostic accuracy when the Alvarado score was negative
or equivocal. Ultrasound is unnecessary when one’s degree
of clinical suspicion is high. However, the additional
information provided by the ultrasound does improve
diagnostic accuracy in case of negative or equivocal
score.?829 Johansson et al studied the role of USG, CT scan
and laboratory findings in the diagnosis of acute
appendicitis. The sensitivities and specificities were 91% and
94% for CT and 83% and 98% for USG respectively.
Diagnostic accuracy was high for USG as well as for CT. USG
was better for diagnosing positive finds, while CT was better
for excluding of appendicitis.3°

Though several markers of inflammation have been
proposed, TLC is the most common and most studied
laboratory investigation for appendicitis.3! Leukocytosis
increases with the duration of disease process, but on the
contrary even in perforated appendix a normal white cell
count may be observed.32 Also TLC may be elevated in up
to 70% of patients with other causes of right lower quadrant
like non-specific mesenteric lymphadenitis, right ureteric
colic, etc. An elevated CRP is common in appendicitis, but
studies disagree for its sensitivity and specificity. In case of
both CRP and TLC, there is increase in sensitivity to 55%,
specificity of 100% and an accuracy of 77% in diagnosing
acute appendicitis. Increased CRP appears to have better
sensitivity and TLC has better specificity.33:3* The diagnostic
value of leucocyte count and CRP in acute appendicitis was
higher than that of the other markers, whereas leucocyte
count showed very low specificity. CRP values were higher
in perforated appendicitis when compared with the
phlegmonous appendicitis. However, PCT and D-dimer
showed lower diagnostic values 26% and 31%, respectively.
Studies concluded that an increase in CRP levels alone is not
sufficient to make the diagnosis of acute appendicitis.
However, CRP levels may differentiate between
phlegmonous appendicitis and perforated appendicitis. Due
to their low sensitivity and diagnostic value, PCT and D-
dimer are not better markers than CRP for the diagnosis of
acute appendicitis.® Vaziri et al (2014) conducted a study on
100 patients and found sensitivity of 44%, specificity of
100%, PPV of 100% and NPV of 10%.3> Kouame et al (2005)
found PCT > 0.5 ng/dL in 12% of their patients with acute
appendicitis reflected no role of PCT as a diagnostic
marker.36
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Aims and Objectives
Evaluation of the diagnostic value of Alvarado score,
laboratory investigations and ultrasound in acute
appendicitis and to correlate the results with operative and
histopathology findings.

MATERIALS AND METHODS

This observational study was carried out in the Department
of Surgery in collaboration with Department of Biochemistry,
Department of Radiodiagnosis, Department of Pathology at
Government Medical College and Hospital, Chandigarh
(GMCH) with the ethical clearance taken from Institutional
Ethical Committee.

A total of 100 subjects of any age and sex who presented
with pain in right iliac fossa and were suspected to have
acute appendicitis based on typical history and clinical
diagnosis requiring surgery were enrolled for the study.

Exclusion Criteria
1. Patients who had appendicular mass.
2. Patients who did not undergo surgery on clinical
suspicion.

Patient’s demographic profile, duration of symptoms,
Alvarado score were recorded and blood samples were sent
for the WBC count and differential leucocyte count and pre-
operative C-reactive protein. Blood sample was taken for
Procalcitonin and D-dimer and stored at -20°C and results
were observed retrospectively. The cut-off value for white
cell count was taken as 10,000/mm3. CRP and D-dimer were
quantitated by  immunoturbidimetric  method on
autoanalyzer (modular-P 800 automated chemistry
analyzer), the value of > 5 mg/dL was taken as positive for
CRP and > 0.5 pg/dL for D-dimer. PCT was done by
chemiluminiscence method on Advia Centaur XP and the
value taken into consideration was = 1 ng/dL.

Variables Clinical Feature Score
Symptoms Migratory pain in RIF 1
Anorexia 1
Nausea/ vomiting 1
Signs Tenderness in RIF 2
Rebound pain 1
Elevation of temperature 1
Lab Leukocytosis 2
Shift to the left 1

Total 10
Table 1. Alvarado Score was Calculated
depending upon the Clinical Symptoms, Signs and
Laboratory Investigations

A score of 5 or 6 is compatible with the diagnosis of acute
appendicitis. A score 7 or 8 indicates a probable appendicitis,
and a score of 9 or 10 indicates a very probable acute
appendicitis.?® A score of > 7 was taken into consideration.

Ultrasound was done in all cases. The ultrasonic positive
findings suggestive of appendicitis were: identification of a
tubular intestinal structure located in the lower right lower
quadrant of the abdomen, closed at one end with a
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transverse diameter exceeding 6 mm, not compressible and
aperistaltic, the appearance of appendicolith and/or the
presence of extra-appendicular alterations such as inflamed
perienteric fat, periappendicular abscess. After the diagnosis
of acute appendicitis was made, all required investigations
for the anaesthesia and surgery were done. Appendicectomy
was done with standard muscle splitting incision. Detailed
operative findings were recorded.

Confirmation of acute appendicitis as the final diagnosis
was obtained from histological analysis of the appendix in
the Department of Pathology. All the observations were
recorded in and analysed statistically using appropriate
statistical test.

Statistical Analysis

At the end of the study, all the collected data were entered
in Microsoft Excel spreadsheet. The overall accuracy of each
test was assessed by sensitivity, specificity, positive
predictive value, negative predictive value and diagnostic
value. Measurement of concordance between diagnostic
evaluation and gold standard histopathology was analysed
by applying Chi-square test. The level of statistical
significance was taken as 'p’ value < 0.05. All the analyses
were done in SPSS (statistical package for social sciences).

Observations

The mean age of patients presenting with clinical picture of
appendicitis was 29.24 years. The youngest patient was 10
years and oldest was 74 years. Maximum number of cases
were in 21 - 30 years’ age group (33) followed by 10 - 19
years (25 cases) and only 6 cases were more than 60 years
old; 29 cases were females and 71 cases were males.

Histopathological Findings

Original Research Article

Follicular Appendicitis 3
Gangrenous Appendicitis with
) A, 12
Periappendicitis
Healing Appendicitis with
. L 24
Periappendicitis
Normal 5
Total 100

Table 2. Distribution of Cases according
to Histopathologic Diagnosis

Maximum cases were of acute diffuse suppurative
appendicitis with periappendicitis in 31 cases and normal
appendix in 5 cases (Table 2).

The most common symptom was pain in right iliac fossa,
which was present in all the patients. Other symptoms were
nausea and vomiting, shifting of pain, fever and anorexia.

27 patients presented within 24 hours, 17 patients had
acute appendicitis and 1 patient had perforated appendicitis
with a significant Alvarado score; 53 patients presented to
us in emergency within 48 hours of pain and in 44 (67.7%)
cases had appendicitis histopathologically; 47 cases reported
after 48 hours of pain and in these 23 (maximum cases) had
perforated appendicitis (76.7%). This difference was found
to be statistically significant (p= 0.001). Alvarado score was
significantly raised in 21 patients out of these 23 patients.
This difference was not found to be statistically significant.

TLC was raised in 58 patients of clinically suspected
acute appendicitis. Out of 95 cases of proven acute
appendicitis, only 55 cases were having raised TLC. This
difference was found to be not statistically significant (p=
1). TLC = 10,000/mm3 had sensitivity, specificity, PPV, NVP
and DV of 57.89%, 40.00%, 94.83%, 4.76% and 57%
respectively. TLC was raised in 14 (51.85%) cases out of 27
cases those presented early after the onset of pain and 31
(65.95%) cases out of 47 patients those who presented late;
22 cases were of acute appendicitis those presenting late

Histopathology No. of Patients and it was raised in only 10 (45.45%) patients. This
Acute Appendicitis with 25 difference was found to be statistically significant after 48
Periappendicitis hours
Acute Diffuse Suppurative 31 )
Appendicitis with Periappendicitis
Duration of Onset of Pain CRP Appendicitis | Perforated Appendicitis | Normal | Total P-value
<5 mg/mL 2 0 1
<24 hours >5 mg/mL 2 1 1 27 0.184
) <5 mg/mL 3 0 0
24-48 hours >5 ma/mL 17 6 0 26 0.600
<5 mg/mL 4 0 0
>48 hours >5 mag/mL 18 23 5 47 0.083
Total 66 30 4 100
Table 3. Analysis of CRP with Duration of Time and Operative Findings

CRP was raised in 24 (88.88%) patients out of 27 cases
at 1%t day of presentation and in 44 (93.62%) cases those
who presented late. It was raised in all 23 (100%) cases of
perforated appendicitis and 18 (81.82%) cases of acute
appendicitis. This difference was not found to be statistically
significant. C-reactive protein was raised in 90 patients out
of 100 patients of suspected acute appendicitis. However,
86 patients had acute appendicitis on histology, while it was

also raised in those 4 cases also who were not having acute
appendicitis on histology. This difference was found to be
not statistically significant (p= 0.999). C-reactive protein >
5 mg/dL had sensitivity, specificity, PPV, NVP and DV of
90.53%, 20.00%, 95.56%, 10.00% and 87% respectively
(Table 3).

PCT was raised in 8 (29.62%) cases out of 27 cases
those who presented early after the onset of pain and 15
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(31.91%) cases out of 47 patients those who presented late;
22 cases were of acute appendicitis those who presented
late and it was raised in 4 (18.18%) patients and 11
(23.82%) cases of perforated appendicitis. This difference
was not found to be statistically significant. PCT was raised
in 33 patients out of 100 patients of suspected acute
appendicitis. However, 32 patients had appendicitis on
histology. PCT was < 1 ng/dL in 63 cases of acute
appendicitis and 4 cases with normal appendix. This
difference was found to be not statistically significant (p=
0.664). PCT > 1 ng/dL had sensitivity, specificity, PPV, NVP
and DV of 33.68%, 80.00%, 96.97%, 5.97% and 36%
respectively.

D-dimer was raised in 69 cases. Acute appendicitis was
seen in 65 patients and appendix was normal on histology
in 4 cases. D-dimer was not raised in 30 patients. This
difference was found to be not statistically significant (p=
1). D-dimer had sensitivity, specificity, PPV, NVP and DV of
68.42%, 80.00%, 98.48% and 11.76% and 66%
respectively. D-dimer was raised in 13 (56.52%) cases out
of 27 cases those who presented early after the onset of
pain and 37 (78.72%) cases out of 47 patients those who

Original Research Article

presented late; 14 (63.64%) cases were of acute
appendicitis those who presented late and it was raised in
21 (91.30%) patients of perforated appendicitis. This
difference was not found to be statistically significant.

In the present study, 90 patients were having USG
findings positive for suspected acute appendicitis; 86
patients were having acute appendicitis on histology,
whereas only 4 cases with normal appendix had normal
findings on USG. This difference was found to be not
statistically significant (p= 0.43). USG had sensitivity,
specificity, PPV, NPV and DV of 90.53%, 20.00%, 95.55%,
10.00% and 87% respectively. USG was positive in 13
(92.59%) cases out of 27 cases those who presented early
after the onset of pain and 41 (87.23%) cases out of 47
patients those who presented late. However, it shows
perforation of appendix in 3 cases, out of which only 1
(33.33%) had perforated appendicitis within 24 hours of
presentation. Out of 23 patients of perforated appendicitis
who presented late, it shows appendicitis in 8 cases and
perforated appendicitis in 11 cases. This difference was
found to be statistically significant after 48 hours.

Investigations Appendicitis Perforated Appendicitis Normal P value
Alvarado score
<6 7 3 1 0.209
>7 49 27 3
TLC*
3
<10,000/mm 34 6 2 0.014
>10,000/mm3 32 24 2
CRP**
<5 mg/mL 9 0 1
>5 mg/mL 57 30 0.077
PCT*
<1 ng/mL 50 14
>1 ng/mL 16 16 0.018
D-dimer
<0.5 pg/mL 28 2 1
.002
>0.5 pg/mL 38 28 0.00
USGH++
Normal 4 4 0
Appendicitis 56 10 4 <0.001
Perforated appendicitis 6 16 0
Table 4. Analysis of Alvarado Score, TLC, CRP, Procalcitonin,
D-Dimer and Ultrasound with Operative Findings

*TLC= Total leucocyte count, **CRP= C-Reactive
Protein.
+ PCT= Procalcitonin, ++ USG= Ultrasonography.

Alvarado score was < 6 in 21 cases of suspected acute
appendicitis. Intraoperative inflamed appendix was found in
20 patients and normal in 1 case. It was > 6 in 79 cases, out
of which 76 cases had inflamed appendix. This difference
was not statistically significant (p= 0.209). Total leucocyte
count was raised in 58 patients and only 2 cases had normal
appendix. TLC was not raised in 42 cases and only 1 case
was not having inflamed appendix. This difference was
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found to be statistically significant (p= 0.014). C-reactive
protein was raised in 90 patients, out of which 87 patients
were having either appendicitis or perforated appendicitis,
while it was raised in 3 patients out of 4 patients of normal
appendix. This difference was found to be statistically not
significant (p= 0.077). Procalcitonin was raised in 33
patients, out of which only 1 patient had normal appendix;
67 patients had normal value of procalcitonin, while
appendicitis was seen in 64 patients. This difference was
found to be statistically significant (p= 0.018). D-dimer was
raised in 69 cases and normal in 31 cases, but it was raised
in 3 cases of having normal appendix. This difference was
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found to be statistically significant (p= 0.002). Ultrasound
was showing appendicitis in 70 patients and perforated
appendicitis in 22 patients. Normal appendix on ultrasound
was seen in 6 patients, while all these cases were having
intraoperative appendicitis. Negative appendectomy was

Original Research Article

done in 4 cases of ultrasound proven appendicitis. This
difference was found to be statistically significant (p=<
0.001), Table 4.

Parameters Sensitivity Specificity PPV NPV DV

Alvarado score 78.95% 20.00% 94.94% 04.76% 76%

TLC 57.89% 40.00% 94.83% 04.76% 57%

CRP 90.53% 20.00% 95.56% 10.00% 87%

PCT 33.68% 80.00% 96.97% 05.97% 36%

D-dimer 68.42% 80.00% 98.48% 11.76% 66%

USG 90.53% 20.00% 95.55% 10.00% 87%
Table 5. Showing Relative Accuracy of Various Diagnostic Tests

In our study, CRP and USG were the most sensitive
investigations (90.53%) and both had equal diagnostic
value, whereas PCT had least sensitivity (33.68%) and
diagnostic value. PCT and D-dimer had maximum specificity
(80.00%) and D-dimer also had maximum PPV (98.48%).
Least specific were Alvarado score and TLC (20.00%). TLC
had least PPV among all parameters (94.83%), Table 5.

USG CRP
Alvarado Positive | Negative >5 <5
Score (86) (09) mg/dL mg/dL
(86) (09)
27in75 66 9 70 5
(78.94%) | (69.47%) | (09.47%) | (73.68%) | (05.26%)
<6in 20 20 0 16 4
(21.05%) | (21.05%) | (00.00%) | (16.84%) | (04.21%)
Table 6. Correlation of Alvarado Score with USG
and CRP in Histopathological Confirmed
95 Cases of Acute Appendicitis

Out of 75 patients who had > 7 Alvarado score, 66
patients (69.47%) had positive USG findings suggested of
acute appendicitis and 70 cases (73.68%) had significant
CRP values. Alvarado score was < 6 in 20 cases, while all
these cases were having positive USG findings (Table 6).

DISCUSSION

Acute appendicitis is the most common non-traumatic
abdominal surgical emergency, but still remains a diagnostic
challenge despite availability of various diagnostic
modalities. Mean age in the present study was 29.24 years,
which is comparable to other similar studies conducted in
the past. In studies conducted by Jat et al and Noudeh et al
in 2007, about 80% of appendicitis occurred below 40 years
of age in concordance with our study where 79 out of 100
patients (79%) were under 40 years of age.*¥ In the
present study, 71 were males and 29 were females.

27 patients reported within 24 hours of onset of pain and
only one had perforated appendix in this early group; 53
patients reported within 48 hours of onset of pain and out
of these 53 patients 44 patients had acute appendicitis and
7 patients had perforated appendix; 30 cases presented
after 48 hours of pain, out of which 23 patients (76.7%) had
perforated appendix. This difference was found to be
statistically significant (p= 0.001). Bickell et al stated that
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risk of rupture in ensuing 12-hour periods rises to 5% after
36 hours of untreated symptoms.38

In this study Alvarado score was 78.94% sensitive,
20.00% specific, had PPV of 94.93% and NPV of 4.76%. The
diagnostic value was 76%. The sensitivity was in
concordance with the studies of Ohle et al and Shogilev et
al.3240 Alvarado score was < 6 in 21 cases and out of these
20 cases had TLC < 10,000/mm?3. USG was positive in all
these 21 cases. Out of 27 patients who presented within 24
hours, 17 patients of acute appendicitis and 1 patient of
perforated appendicitis had significant Alvarado score. Out
of 23 patients of perforated appendicitis who presented late,
Alvarado score was significantly raised in 21 patients. This
difference was not found to be statistically significant. Out
of 30 cases of perforated appendicitis, 27 (90.00%) had
raised Alvarado score of > 7 and out of 66 cases of acute
appendicitis 49 had raised Alvarado score of > 7. Although,
it has low specificity, it has high PPV. It is a non-invasive,
simple, fast, reliable and repeatable diagnostic scoring which
can be used without expensive and complicated supportive
diagnostic methods. Hence, Alvarado score should be
calculated preoperatively to improve the diagnosis accuracy
of acute appendicitis. NPV was very low and hence Alvarado
score < 6 does not rule out acute appendicitis.

There is wide variation in specificity of TLC (32% - 93%)
in different studies.*-*3 This may be because of different cut-
off values of TLC used in different studies. In this study, TLC
was raised in 14 (51.85%) cases, out of 27 cases those who
presented early after the onset of pain and 31 (65.95%)
cases out of 47 patients those who presented late; 22 cases
were of acute appendicitis those who presented late and it
was raised in only 10 (45.45%) patients. Eriksson et al found
that TLC can decrease to normal values during the
observation period. This difference was found to be
statistically significant after 48 hours.* TLC was raised in 32
cases (48.48%) of acute appendicitis and 24 cases of
perforated appendix (80.00%). This difference was found to
be statistically significant. Kaya et al also showed raised TLC
in 100% cases of perforated appendicitis.!? Raised TLC level
help to differentiate between normal and inflamed appendix
and it does not differentiate between inflamed and
perforated appendix.* Although, a raised leucocyte count is
a useful test for detecting acute appendicitis, it has variable
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sensitivities and specificities, and a negative result does not
rule out acute appendicitis.

Several studies have addressed the accuracy of CRP in
diagnosing appendicitis, and it is agreed that its level
increases in appendicitis which is related to the severity of
inflammation.®434546 Gross variations have been reported in
the sensitivity (65 - 95.6), specificity (68 - 77.77), PPV (34 -
95.6) and NPV (5 - 77.77) by different authors. In a study
by Kaya et al, sensitivity, specificity, PPV and NPV of CRP
were 72%, 75%, 95% and 5% respectively.® In the present
study, C-reactive protein was raised in 90 patients of
suspected acute appendicitis. Out of 95 patients of acute
appendicitis, 86 patients have raised CRP. Sensitivity,
specificity, PPV, NPV and diagnostic values were 90.53%,
40.00%, 95.56%, 10.00% and 87% respectively. The
specificity was only 40.00% suggesting that the presence of
raised CRP is not a good discriminator for patients with acute
appendicitis. CRP was raised in 24 (88.88%) patients out of
27 cases at 1%t day of presentation and in 44 (93.62%) cases
out of 47 cases who presented after 48 hours. It was raised
in all 23 (100%) cases of perforated appendicitis and 18
(81.82%) cases of acute appendicitis. This difference was
not found to be statistically significant. CRP was raised in all
30 cases (100%) of perforated appendicitis; 57 patients
(86.36%) of acute appendicitis out of 66 patients had
significantly increased CRP. This observation was in
concordance with Kaya et al study, in which CRP was raised
in 100% cases of perforated appendicitis.® In our study also,
CRP was raised in all cases of perforated appendicitis.

Diagnostic utility of PCT is not better than CRP in
identifying complicated appendicitis and it has little
diagnostic value in diagnosing appendicitis. However, it has
better diagnostic value in identifying complicated
appendicitis.>3>47 In our study of 95 patients of confirmed
diagnosis of appendicitis, 32 had PCT > 1 ng/dL. The
sensitivity, specificity, PPV, NPV and diagnostic values of PCT
for the diagnosis of appendicitis were 33.68%, 80%,
96.97%, 05.97% and 36%. This difference was not found to
be statistically significant (p= 0.664), when comparing with
histological findings. PCT was raised in 8 (29.62%) cases out
of 27 cases those who presented early after the onset of
pain and in 15 (31.91%) cases out of 47 patients those who
presented late; 22 cases were of acute appendicitis those
who presented late and it was raised in 4 (18.18%) patients
and 11 (23.82%) cases of perforated appendicitis. This
difference was not found to be statistically significant. Out
of 30 cases of perforated appendicitis, PCT was raised in 16
cases (53.33%) and out of 66 cases of acute appendicitis 16
cases (24.24%) have raised acute appendicitis. This
difference was found to be statistically significant. Kaya et al
showed PCT was raised in 50.00% cases of perforated
appendicitis and 12.76% cases of phlegmonous
appendicitis.®

Sensitivity, specificity and PPV of D-dimer in our study
were 68.42%, 80% and 98.48% respectively. Kaya et al
(2012) had sensitivity, specificity and PPV of 29%, 75% and
95% respectively.® It was raised in 28 cases (93.33%) out
of 30 cases of perforated appendicitis. This difference was
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found to be statistically significant (p= 0.002). On the basis
of histology, 65 patients out of 95 of acute appendicitis
confirmed on histology were having raised D-dimer value.
Significant D-dimer value was observed in 4 patients, out of
5 normal histopathological findings. This difference was
found to be not statistically significant (p= 1). Thus, it
cannot be used as a diagnostic modality for diagnosing acute
appendicitis. D-dimer was raised in 13 (56.52%) cases out
of 27 cases those who presented early after the onset of
pain, in 37 (78.72%) cases out of 47 patients those who
presented late and in 14 patients out of 21 (91.30%)
patients of perforated appendicitis. This difference is not
found to be statistically significant. D-dimer was raised in 28
cases (93.33%) of perforated appendicitis and 38 cases
(57.57%) of acute appendicitis. This difference was found to
be statistically significant. Kaya et al studied D-dimer
significant in 50.00% of perforated appendicitis and 23.40%
in phlegmonous appendicitis.®

In the present study, out of 100 patients USG findings
were positive in 90 patients of suspected acute appendicitis.
Out of 95 patients of acute appendicitis, USG was positive in
86 patients. It had sensitivity of 90.53%, specificity of
20.00% and PPV of 95.55%. The diagnostic value was 87%.
USG was positive in 13 (92.59%) cases out of 27 cases those
who presented early after the onset of pain and 41 (87.23%)
cases out of 47 patients those who presented late. However,
it shows perforation of appendix in 3 cases, out of which
only 1 (33.33%) had perforated appendicitis within 24 hours
of presentation. Out of 23 patients of perforated appendicitis
who presented late, it shows appendicitis in 8 cases and
perforated appendicitis in 11 cases. This difference is found
to be statistically significant after 48 hours.

A wide variation exists in sensitivity, specificity, positive
predictive value and negative predictive value of these
parameters in various studies conducted earlier.44547:48
Leukocytosis count and CRP are the most frequently used
tests in acute appendicitis for their easy availability and cost
effectiveness, but the sensitivity and specificity are limited.
The sensitivity and specificity of TLC in our study were
57.89% and 40%, respectively. In our study, CRP and USG
were the most sensitive investigations (90.53%) with equal
diagnostic value; 2" most sensitive tool was Alvarado score
(78.95%). Alvarado score was < 6 in 20 biopsy confirmed
cases, while all these cases were having positive USG
findings. Out of 5 patients of normal appendix on
histopathology, 4 had > 7 Alvarado score and significant CRP
and 3 had positive findings on USG. However, out of these
4 patients, in 2 patients although there was no appendicitis
but these patients had Meckel’s diverticulitis and this can be
the reason of > 7 clinical score and raised CRP; 1 patient
who had < 6 Alvarado score, USG showed positive findings.

SUMMARY

The diagnostic efficiency of clinical examination, Alvarado
score, TLC, CRP, D-dimer, PCT and USG in acute appendicitis
was evaluated and correlated in our study. Alvarado score
of > 7 was observed in 75 histopathologically proven cases
of appendicitis and < 6 in 5 cases with no evidence of
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appendicitis on histopathological examination. It had a
sensitivity of 78.94%, specificity of 20.00%, PPV of 94.93%
and NPV of 4.76% and diagnostic accuracy of 76%.
Maximum cases of perforated appendicitis, i.e. 23 out of 30
cases presented late, after 48 hours of onset of pain. TLC
was = 10,000/mm3 in 55 cases of the patients with acute
appendicitis and 3 cases of normal appendix. The values of
sensitivity, specificity, PPV, NPV and diagnostic accuracy
were 57.89%, 40%, 94.83%, 4.76% and 57% respectively.
In this study, CRP was found to have higher sensitivity and
diagnostic accuracy (90.53% and 87%) for acute
appendicitis when compared to TLC (57.89% and 57%), D-
dimer (68.42% and 66%) and PCT (33.68% and 36%). Out
of 100 cases, CRP and USG both suggested appendicitis in
equal and maximum number of cases (90.00%) followed by
Alvarado score (79.00%). D-dimer > 0.5 ug/dL was seen in
69 cases and 65 cases were having acute appendicitis on
histopathology. The difference was not found to be
significant (p= 1). Sensitivity, specificity, PPV, NPV and
diagnostic accuracy of D-dimer were 68.42%, 80%,
98.48%, 11.76% and 66% respectively. Procalcitonin level
was = 1 ng/dL in 33 cases and 32 cases had acute
appendicitis on histopathology. PCT is a better marker for
bacterial sepsis and is specially increased in perforated and
gangrenous appendicitis. The sensitivity, specificity, PPV,
NPV and diagnostic accuracy of PCT were 33.68%, 80%,
96.97%, 05.97% and 36% respectively. These results show
that PCT is not a useful marker for the diagnosis of acute
appendicitis.

CONCLUSION

No single modality at its own has been able to reduce the
rate of negative appendectomy to 0%, although by using
various diagnostic modalities the incidence of negative
appendectomy and risk of perforation can be reduced.
Diagnostic accuracy of CRP and USG was equal in our study
and diagnostic accuracy of acute appendicitis on clinical
examination (Alvarado score) can be increased with the aid
of USG and CRP. The incidence of negative appendicectomy
was 5% in our study. The accurate diagnosis of acute
appendicitis still remains an enigmatic challenge despite
extraordinary development in modern radiographic imaging
and diagnostic laboratory investigations.
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