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Abstract: This is a prospective study conducted on 289 patients of 11 to 30 years age group with clinically suspected
appendicitis. After Modified Alvarado scoring, ultrasonography (USG) was done. Each patient was then subjected to
surgery and the removed appendix was sent for histopathological examination. The histopathological diagnosis was
considered as Gold Standard. In comparison to clinical assessment( Modified Alvarado score), Gray scale USG was
found better in detecting appendicitis (USG had sensitivity -89.5%, specificity 81%, positive predictive value 89.4 %,
negative predictive value 80%, where as modified Alvarado score showed sensitivity 74 %, specificity 80.8 %, positive
predictive value 88%, negative predictive value 61.5 %,). The Gray scale and Color Doppler when used in combination
showed the highest efficacy in comparison to Gray scale when used alone (Combined Gray scale and Color Doppler
USG sensitivity 89.4 %, specificity 94.9 %, positive predictive value - 97 %, negative Predictive value 82.4 %).
Therefore, Ultrasonography is definitely better than modified Alvarado score in diagnosing appendicitis and using Color
Doppler in addition to Gray scale further improves diagnostic efficacy.
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INTRODUCTION

Acute appendicitis is the most common
abdominal surgical emergency in all individuals
especially in the age group 11 to 30 years [1].
Sometimes, patients present with atypical clinical
features and non-specific physical findings and
evaluation of these patients becomes very challenging if
done only on clinical grounds [2]. Delay in diagnosis of
such cases can lead to complications such as perforation
and peritonitis [2-4]. A clinician decision to operate can
lead to removal of a normal appendix in 15-30% of
cases [5-7]. So, immediate surgery in patients without
appendicitis definitely adds up to surgical costs,
complications and unnecessary use of valuable hospital
resources. Thus truly said “Even the most experienced
surgeons may remove normal appendix or sit on those
that have perforated” [8].

Therefore, for diagnosing appendicitis a
reliable modality is required which should be accurate
i.e. with a highest sensitivity and specificity and is
capable of assessing the extent of the disease [9]. The

modality should be cost effective i.e., the cost of the
examination should be less than the consequences of
treating the patient without the benefit of the
information derived from the examination [9, 10]. The
examination should be rapid, both in the length of the
study and in the availability of the diagnostic
information. Also the modality should be noninvasive
[9]. Ultrasound fulfils all these requirements
satisfactorily. Graded compression USG technique is
still the first line method in diagnosing appendicitis [11-
13]. Previous studies had shown that the Color Doppler
USG is a powerful imaging tool that definitely
improves the diagnostic accuracy in patients with
clinically equivocal appendicitis [11, 14-19]. It also
helps in diagnosing early changes of appendicitis [20].

MATERIAL AND METHODS

This prospective study was carried out in the
Department of Radiodiagnosis, M.G.I.M.S., Sevagram,
Maharashtra. This study includes sonographic
evaluation of 289 patients with clinically suspected
appendicitis in 11-30 years age group of both sexes
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from 2011 to 2014. Diagnosed or follow up cases of
right lower abdominal pain and the patients who were
managed only conservatively were excluded from the
study. Approval for the study was obtained by
institutional ethical committee. The study was done in
PHILIPS HD11 XE 3D/4D Color Doppler USG
machine using both Linear Transducer (frequency range
3-12 MHz) and curvilinear Transducer (frequency range
2-5 MHz). A written informed consent was obtained of
each patient. The relevant clinical history was taken,
clinical examination was done of each patient and

modified Alvarado scoring was done on basis of clinical
examination findings and laboratory investigation
results before procedure. The Modified Alvarado
scoring is illustrated in Table 1. The score of 7 or more
was considered positive for appendicitis [5]. To
decrease intra-observer variability the average value of
three measurements was taken. The clinical history,
examination and USG findings along with
intraoperative findings and histopathological results of
each patient were entered in a predesigned Performa.

Table 1: Modified Alvarado score [21]

Symptoms Score
Migratory right iliac fossa pain 1
Anorexia 1
Nausea and vomiting 1
Signs
Tenderness (right iliac fossa) 2
Rebound tenderness 1
Elevated Temperature 1
Lab Investigations
Leucocytosis 2
Shift to left 1
Total Score 10 (7 or more score is strongly
predictive of acute appendicitis)

Technique of examination [22]:

Examination was initially done in full bladder.
After about 10 min search for appendix, other causes of
pain in right iliac fossa were ruled out. Then patient was
asked to empty the bladder and again the search was
continued. Scanning was also done in supine and
lateral decubitus position ( if retrocaecal appendix is
suspected). Scanning was done in both longitudinal and
transverse planes. Transducer was placed transversely
below the edge of right hepatic lobe, in front of right
kidney and moved slowly down to right iliac fossa
along the line of ascending colon [23]. Cecum was
identified initially and then the appendix was traced,
which is draped over right iliac fossa anterior to
illiopsoas muscle. Examination was done in both linear
and curvilinear probes. Graded compression USG [12]
technique was utilized in the examination with exerting
gentle compression with high frequency transducer
using both hands in same way when palpating abdomen.
Normal and gas filled loops of intestine are either
displaced from the field of vision or compressed
between anterior and posterior abdominal walls.

While studying vascularity in appendix, Color
gain is increased until clutter is seen and then it is
reduced just enough to remove the clutter from the
appendiceal wall. Doppler examination findings can be
summarized as: presence or absence of Color Doppler
signals and whether color flow is increased or normal.
A suppurative  appendicitis  showed  greater
circumferential flow in its wall than a normal appendix.
A gangrenous appendicitis is diagnosed when Color
Doppler signals disappears with loss of echogenicity in
its wall on Gray Scale. An inflamed surrounding
mesentery and omentum shows increased flow on
Doppler. The Gray Scale and Color Doppler USG
findings of appendicitis are shown in Figure 1 to 11.

Statistical analysis was done by using chi
square test and predictive values of diagnostic tests. The
software used in the analysis was SPSS 17.0 and Graph
Pad Prism 5.0 and p<0.05 is considered as level of
significance. The sensitivity, specificity, positive
predictive value, negative predictive value of the
Alvarado score, Gray scale USG and Gray scale and
Color Doppler USG in combination was calculated by
2 X 2 tables.
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Fig-1: Fig-2:
Fig. 1 & 2: Normal appendix - blind-ended, tubular, compressible intestinal loop which is continuous with the
cecum and has a diameter of less than 6 mm.

Fig 3: Appendicoliths - bright echogenic focus with distal acoustic shadowing, its visualization is another
contributory finding in diagnosing appendicitis.

Fig 4: Suppurative appendicitis - aperistaltic, noncompressible, blind-ended, tubular structure with laminated
continuous wall arising from base of cecum. Appendicitis is characterised by a wall thickness > 2 mm & diameter
> 6 mm. On Color Doppler study there is increased vascularity in appendiceal wall.
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Fig 5: Perforated appendicitis - discontinuity in wall layers, asymmetry of wall thickness, presence of air or fluid
collection with echoes around appendix.

COMNMEMNRESSSTON

Fig 6: Gangrenous appendicitis focal loss of echogenic submucosal layer of the appendiceal wall with surrounding
echogenic fat.

Fig 7: Appendicular lump - large mass of non compressible echogenic fat was seen around appendix forming a
mass.
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Fig 8: Peri appendiceal collection

Fig. 9 : Appendicular abscess - localized fluid collection was seen which is walled off by adjacent greater omentum
and small-bowel loops. When a complex, hypo echoic mass adjacent to cecum or appendix was present, even
though the inflamed appendix is not visualized, appendicular abscess will be suggestive. Color Doppler study

shows increased peripheral vascularity.

Fig. 10: Mesenteric Lymphadenopathy
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Fig. 11: Surrounding echogenic mesentry

RESULTS

This study includes 289 clinically suspected
cases of appendicitis who were exposed to USG and in
whom appendicectomy was done. The removed
appendix was sent for histopathological evaluation. The
histopathological study was considered as final. So, the
operated cases were divided into 2 groups on basis of
histopathological finding i.e. whether positive or
negative for appendicitis.

Out of 289 cases, in 175 cases which were
diagnosed positive for appendicitis by USG (both Gray
Scale and Color Doppler), histopathology showed
appendicitis in 170 cases and ruled out appendicitis in
rest 5 cases. Out of 114 cases where USG was normal,
histopathology showed appendicitis in 20 cases and
ruled out appendicitis in rest 94 cases. Therefore, out of

total 289 cases, histopathology declared 190 cases as
positive (Group 1) for appendicitis and 99 cases (Group
I1) as negative for appendicitis. The distribution of 289
operated cases on basis of ultrasound and
histopathological  diagnosis for  appendicitis s
demonstrated in Table 2.The sex distribution in 190
histopathologically proved appendicitis is demonstrated
in Fig.12. The distribution of 289 operated cases
according to their presenting symptoms and signs are
demonstrated in Figure 13 &14 respectively.
Distribution of 289 cases according to the laboratory
investigation (leukocytosis) is depicted in Figure 15.
Table 3 shows distribution of cases according to USG
findings. The efficacy of Alvarado score, Gray scale
ultrasonography and Gray scale Combined with Color
Doppler USG is depicted in Table 4. The p value of the
study is significant (< 0.05).

Table 2: Distribution of 289 operated cases on basis of USG and histopathological diagnosis for appendicitis.

USG DIAGNOSIS

FINAL HISTOPATHOLOGICAL

(Color Doppler + Gray DIAGNOSIS
scale) (GOLD STANDARD)
( n=289)

Positive

| Negative |

Positive

170 (True Positive)

5( False Positive)

| Negative |

20 (False Negative)

94( True Negative)

.

~N

60.00% H Male
Female

J

Fig.12: Sex distribution in 190 cases of histopathologically proved appendicitis
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Fig. 13: Distribution of 289 operated cases according to their presenting symptoms
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Fig. 14: Distribution of 289 cases according to their presenting signs
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Fig. 15: Distribution of 289 cases according to the laboratory investigation (leukocytosis)

Table 3: Distribution of cases according to their USG findings
USG findings Appendicitis % No % <0-
(190) appendicitis value p-value
(99)
Probe tenderness 134 70.5% 40 40.4% | 16.46 P<0.0001
Wall thickness > 2 mm 110 57.8% 9 10% 51.34 P<0.0001
Appendicoliths 32 16.8% 3 3% 10.89 0.001
Perapendiceal collection 94 49.4% 27 27.3% | 10.27 0.001
Maximum e diameter 100 52.6% 1 1% | 6859 | P<0.0001
Discontinuity of wall 0 0
(Perforated appendix) 11 5.8% 0 0% 6.18 0.012
Gangrenous appendicitis 7 3.68% 0 0% 4.08 0.04
Appendicular abscess 7 3.68% 0 0% 4.08 0.043
Appendicular lump 18 9.4% 0 0% 9.42 0.002
Mesenteric 54 28.42% 42 42.4% | 430 0.03
lymphadenopathy
Surrounding echogenic 170 89.4% 23 23.2% | 7879 | P<0.0001
mesentry
Table 4: Efficacy of Alvarado score, Gray scale USG and Gray scale Combined with Color Doppler USG.
Alvarado score Gray scale Grade scale combined with
ultrasonography | Color Doppler ultrasonography
Sensitivity 74% 89.5% 89.4%
Specificity 80.8 % 81% 94.9%
Positive predictive value 88% 89.9% 97%
Negative predictive value 61.5% 80% 82.4%
DISCUSSION

Appendicitis has been always a mysterious
aspect throughout times. Ultrasonography is relatively
accurate, cost effective, rapid, non-invasive, lacks risk
of ionizing radiation and is safe imaging modality for
evaluation of appendicitis [14]. It does not require
sedation or contrast agents.

In the present study, appendicitis was found
more common in males than in females in 11 to 30
years age group patients with male female ratio was
1.5:1.Clinical features such as nausea, vomiting and
anorexia are predominantly a feature of appendicitis
whereas pain, fever, constipation and diarrohoea are not
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specific for diagnosing appendicitis as were more
common in patients with no appendicitis in present
study. Tenderness in right iliac fossa, rebound
tenderness, muscle guarding, Psoas sign and obturator
sign are significant clinical signs in diagnosing
appendicitis. Similarly leucocytosis is more significant
feature in diagnosing appendicitis.

USG findings of periappendiceal echogenic
mesentry, probe tenderness in right iliac fossa,
thickened appendiceal wall > 2 mm, Maximum outer
diameter > 6 mm, periappendiceal fluid collection and
appendicolith are reliable indicators in diagnosing
appendicitis on Gray scale as were significantly
common in patients with appendicitis in the present
study.

When appendicitis was diagnosed on basis of
Alvarado score alone, it detected 140 patients correctly
for appendicitis and ruled out appendicitis in 80

patients. However Alvarado score missed 50 cases of
appendicitis and 19 cases were falsely diagnosed as
positive for appendicitis.

The Gray scale USG alone detected 170
patients correctly for appendicitis and ruled out
appendicitis in 80 patients. The gray scale USG missed
20 cases of appendicitis and 19 cases were falsely
diagnosed as positive for appendicitis.

When Gray scale and Color doppler USG
findings were combined together than 170 patients were
diagnosed correctly for appendicitis and also
appendicitis was correctly ruled out in 94 patients. 5
cases were diagnosed falsely as positive for appendicitis
and in 20 cases appendicitis was missed. The
sensitivity, specificity, positive predictive value and
negative predictive values of present study are
comparable to other standard studies [5, 11, 24, 25, 26].
The findings are illustrated in Table 5.

Table 5: Efficacy of Modified Alvarado Score, Gray Scale and Gray Scale combined with Color Doppler

Detected Ruled out Missed cases Falsely Total
appendicitis appendicitis diagnosed
correctly correctly
Modified 140 80 50 19 289
Alvarado Score
Gray Scale 170 80 20 19 289
Gray Scale & 170 94 20 5 289
Color Doppler

CONCLUSIONS

Clinical diagnosis based on symptomatology
alone is not sufficient to make or confirm the diagnosis
of the appendicitis, thus necessitating the need to be
subjected for USG for the confirmation of the diagnosis.
Gray scale Ultrasound alone is superior to Alvarado
scoring in diagnosing appendicitis. Gray scale and
Color Doppler ultrasound when used in combination
has highest efficacy in diagnosing appendicitis in
comparison when Gray scale US and Alvarado score
are used alone. Thus, ultrasound should be the first
investigation of choice in patients with clinically
suspected appendicitis. Color Doppler should be used in
combination with Gray scale ultrasonography to
improve diagnostic efficacy.
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