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ABSTRACT

OBJECTIVE: To determine the diagnostic accuracy of tissue harmonic imaging in detection of appendicitis by
taking histopathology as gold standard. DESIGN: Cross sectional study. PATIENTS AND METHODS: There
were 378 patients with sign and symptoms of appendicitis patients were included in this study. Ultrasonography
was performed, using linear and curved transducers with ultrasound frequencies ranged between 2.5 and 7.5
MHz, commercially available ultrasound systems. The examination was performed with both Conventional and
Tissue Harmonic Image. Specimen for the confirmation of appendicitis was taken during surgery and sent to
Histopathology Lab. All the information was recorded into predesigned proforma. RESUL TS: Sensitivity, specificity,
PPV, NPV and accuracy of tissue harmonic imaging in detection of appendicitis was 81.18%, 86.88%, 42.86%,
97.44% and 86.26% respectively. CONCLUSION: We conclude that tissue harmonic imaging better visualizes
the appendix and should be the preferred modality for scanning the right lower abdomen in cases of suspected

acute appendicitis.
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Introduction

The incidence of appendicitis is about 2-4 per 1000
children. Appendicitis is the commonest cause of
acute abdominal pain that requires prompt surgery.t
Appendicitis is usually diagnosed clinically because
of its common occurrence as a surgical emergency.
Usual presentation of patients with acute appendicitis
is crampy pain in right iliac fossa or around umbilicus,
associated with nausea; vomiting. On clinical exami-
nation point tenderness in the right lower quadrant
along with rebound tenderness usually present, and
there is leukocytosis with a left shift.2 Several imaging
modalities are available to diagnose suspected
appendicitis so that negative appendectomy should
not be performed.3

It is sometimes difficult to visualize normal appendix
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on gray-scale ultrasound. However, harmonic imaging
(HI) gives better visualization on abdominal ultrasound
because of high contrast and spatial resolution
resulting in least artifact on imaging.4 Harmonic ima-
ging (HI) is a relatively new technique in ultrasono-
graphy. Initially it was used only in obese adult patients.
It provides better diagnosis of acute appendicitis and
thus subsequent management can be planned.

Conventional ultrasonography is usually compromised
by artifacts like refraction and shadowing. Tissue
harmonic imaging is a new sonographic technique in
which the waves are produced from nonlinear
interaction of the transmitted frequencies as these
pass through the body tissues. Echoes are transmitted
and received at the same frequency in conventional
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ultrasound while in harmonic sonography only the
second harmonic frequency is used for imaging. In
harmonic imaging, tissue itself generate harmonic
band having the scattered and distorted energy
weaker than the energy transmitted and thus, produce
weaker harmonics. This is the reason, tissue harmonic
sonography results in improved signal to noise ratio
by significantly decreasing noise and gives clear
artifact free images as compared to conventional
sonography.5

A study was done which revealed diagnosis of
inflamed appendix on tissue harmonic imaging and
conventional sonography as 93% and 86% respec-
tively.?

Ultrasound has a vital role in imaging pediatric age
group patients because of its availability and non
hazardous side effects like irradiations.6 Because of
increasing efficacy of ultrasound in diagnosing appen-
dicitis, use of computed tomography for diagnosis as
a routine imaging modality has been declining and
saving children from exposure to ionizing radiations.t.”
Another study was performed which revealed 2.85%
sensitivity and 87.5% specificity of ultrasound in
diagnosing appendicitis and 7% incidence of the
disease.8

The purpose of our study is to evaluate the accuracy
of tissue harmonic imaging in diagnosing appendicitis
because of its better contrast and resolution which
gives clear image as compared to conventional
sonography.

Material and Methods

This cross-sectional study was conducted from
January 2015 to January 2018 in Radiology depart-
ment of Liaquat National Hospital, Karachi. The study
was approved by Institutional Ethical Review Board.
Total 786 patients were selected with age 01 to 12
years of both gender referred from emergency with
complain of crampy pain around umbilicus or right
iliac fossa, nausea and vomiting, point tenderness in
the right lower quadrant, rebound tenderness, and
leukocytosis (TLC>11000).

The patients who were unwilling for surgery, referred
to other hospital or diagnosed with other disease
were excluded from the study. Informed consent was
taken from the research and ethical committee of the
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institution. Sample size was calculated considering
both the sensitivity and specificity of tissue harmonic
imaging to diagnose appendicitis. Nonprobability
consecutive sampling technique was applied to collect
the samples. Both the conventional and tissue har-
monic imaging examinations were performed on same
patient with suspected appendicitis by Consultant
Radiologists with more than 5 years experience. Com-
mercially available ultrasound systems (TOSHIBA;
GRE, Germany) were used with both linear and
curved transducers having frequencies ranged
between 2.5 and 7.5 MHz. There were optimized
scanning parameters for each method and same
focal zone was used to obtain all images. Identical
images were taken in two standard planes, transverse
and longitudinal by using cine playback mode.
Harmonic images were taken at 2.0 MHz transmitted
frequency and 4.0 MHz receiving harmonic bandwidth.
Images in conventional ultrasound were taken at 3.5
MHz. After diagnosing appendicitis, all patients were
referred for surgery. Sonographic findings of both the
performed techniques were compared with histopatho-
logically proven appendicitis. Inclusion and exclusion
criteria was strictly followed as to control the biasness
and effect modifiers.

Statistical analysis was performed by using Statistical
Package for Social Sciences (SPSS 21.0) as to obtain
sensitivity and specificity of tissue harmonic imaging
in the diagnosis of appendicitis and taken histopatho-
logy as gold standard. Frequency and percentage
was calculated for qualitative variables, i.e, presenting
complains, detailed history of presenting complains,
tissue harmonic imaging findings and surgical findings.
Mean + SD was computed for quantitative variable,
i.e. Age of the pateint. Taken histopathological findings
as gold standard, all statistical parameters, (sensitivity,
specificity, positive predictive value, negative predictive
value) were calculated to obtain diagnostic accuracy
of tissue harmonic imaging.

RQS_UJIS__

786 patients with suspected appendicitis were included
in the study. Mean age of the patients was 6.12 +
2.70. Both genders were included in which 52.04%
(409/786) were male and 47.96% (377/786) were
female. 20.48% (161/786) patients were diagnosed
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appendicitis by tissue harmonic imaging and 10.81% Tissue harmonic HistoRatholcégy Proven
: ; ; U/S diagnosis ppendicitis Total
diagnosed by hlstopathology as shown in (Graph 1 of appendicitis Positive Negative
and 2) respectively. Positive 69 (TP) 92 (FP) 161 (20.5%)
Negative 16 (FN) 609 (TN) 625 (79.5%)
Total 85 (10.8%) 701 (89.2%) 786
700
Statistics Estimate
600 Sensitivity 81.18%
500 Specificity 86.88%
. Positive Predictive Value 42.86%
3" Negative Predictive Value 97.44%
300 Diagnostic Accuracy 86.26%
200 Table 1: Diagnostic accuracy of tissue harmonic imaging in
detection of appendicitis
100
[}
Yes No
Appendicitis on tissue harmonic imaging / ultrasound

Graph 1: Finding of tissue harmonic ultrasound, n=786

800 . WITHOUT THI
WITH THI

600

Figure 1: Better visualization of appendicitis on ultrasound with
400-] Tissue Harmonic imaging as compared to ultrasound without
Tissue Harmonic imaging

200

L Ll

Yes No

Appendicitis on histopathology

Graph 2: Finding of histopathology, n = 786

Accuracy of tissue harmonic imaging in diagnosing
appendicitis is tabulated in (Tab. 1), and (Fig. 1 and
2) shows the better visualization of inflamed appendix
on Tissue Harmonic imaging as compared to Conven-
tional Ultrasound imaging. Sensitivity, specificity, PPV,

’ ke ' ) WITH WITHOUT
NPV and accuracy of tissue harmonic imaging in :
. s Figure 2: Better visualization of appendicitis on ultrasound with
0 0
detection of appendicitis was 81'1_8 %, 86.88%, Tissue Harmonic imaging as compared to ultrasound without
42.86%, 97.44% and 86.26% respectively. Tissue Harmonic imaging
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Discussion

Definite clinical diagnosis is the basis in clinical prac-
tice. Many treatment options are available once the
definite diagnosis is made. A single diagnostic test
with certainty does not exist for appendicitis.?.10 Acute
appendicitis is the commonest surgical condition that
needs urgent intervention,1! approximately 7% of the
total population undergoes appendectomy.12 In 30-
45% cases there is nonspecific clinic approach.13
Despite of the uncertain diagnosis, appendicitis needs
urgent management so that the disease should not
progress due to misdiagnosis as it carries high risk
of complications like perforation which occurs in about
one third of the patients.14.15 In case of atypical acute
appendicitis, immediate or delayed surgery depends
on surgeon. Abdominal ultrasound can aid in the
diagnosis of appendicitis and subsequent manage-
ment by the surgeons. Blab et al.16 stated that high
certainty in the diagnosis can only be possible by
combining all diagnostic parameters and investi-
gations.

In our study total 786 patients were included with
their ages from 1-12 years. Mean age was 6.12 *
2.70. In few of the international studies, it is concluded
that the peak incidence is between 6 and 30 years.17.18
In our 786 cases, 52.04% (409/786) were male and
47.96% (377/786) were females. Oliver et al reported,
total 50 patients for their prospective study. Mean
age of patients was 9.9 years (range 2-17 years),
and there were equal numbers of both genders.t
Ultrasound has many advantages in the diagnosis of
Acute Appendicitis which includes its low cost, no
irradiation, and it's a dynamic study which allows the
operator to carefully examine the area of interest with
different views again and again. Meanwhile it has
ultrasound has some limitations that it is operator
dependence procedure and not so much sensitive in
overweight patients.19.20,21 Ultrasound for appendicitis
performed by a well experienced operator with high
proficiency equipment like high resolution transducer,
have a sensitivity and specificity of about 90%. Ultra-
sound can also accurately diagnose 70 to 80% of the
patients having appendicitis like symptoms.22 In our
conducted study, ultrasound was done by consultant
radiologists who have more than 5 years experience.
Harmonic imaging is a new ultrasound modality in
which the waves are produced from nonlinear dis-
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tortion of ultrasound waves in the body tissues.
Tissue harmonic imaging (HI) has high contrast and
spatial resolution which gives in artifact free images,
and hence shown to improve abdominal ultrasound
significantly. We have found higher image quality of
inflamed appendix in our patients done with harmonic
imaging. With harmonic imaging, not only the global
image quality is improved but overall associated
parameters and surrounding tissues were also visua-
lized. 20.48% (161/786) cases were diagnosed as
appendicitis in our study by harmonic imaging with
sensitivity 81.18%, Specificity 86.88%, PPV 42.86%,
NPV 97.44% and 86.26% accuracy. Hagendorf et
al.23 stated the potential of harmonic imaging to lessen
appendix perforation. Almost same results were given
by Henn et al and Shaprio et al describing that
appendix is better visualized by tissue harmonic
imaging and its success rate is also higher in histo-
pathologically proven appendicitis.24.25 Our study
confirms that most accurate diagnosis of appendicitis
can be achieved by modern devices operated by an
experienced hand. There was lower sensitivity of the
method as compared to the specificity due to some
unrestrained factors (obesity, nonspecific localization
of appendix and associated diseases) which revealed
false negative results.

Conclusion ____

We have found that tissue harmonic imaging can
better visualize appendix and its surrounding tissues,
and should be a preferred modality in the assessment
of acute appendicitis. It is a convenient and cost
effective modality that can effectively diagnose
appendicitis and possibly further diagnostic method
will not be required. Diagnosis of appendicitis can be
made with certainty, so that subsequent management
can be planned easily to avoid negative appendectomy
and provides cost saving for the hospital as well.
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