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In the present study, the role and efficiency of strain elastography (SE) were evaluated in diagnosis and stag-
ing of acute appendicitis in pediatric patients.

We enrolled 225 pediatric patients with suspected clinical and laboratory findings of acute appendicitis. Gray-
scale sonographic findings were recorded and staging was made by the colorization method of SE imaging.
Appendectomy was performed in all patients and the results of the surgical pathology were compared with
the imaging findings. The sensitivity, specificity, and accuracy of SE imaging were determined in terms of eval-
uating the “acute appendicitis”.

Sonographic evaluation revealed acute appendicitis in 100 patients. Regarding the SE analysis, cases with ap-
pendicitis were classified into 3 groups as: mild (n=17), moderate (n=39), and severe (n=44). The pathologi-
cal evaluation revealed 95 different stages of appendicitis and normal appendix in 5 cases: acute focal (n=10),
acute suppurative (n=46), phlegmonous (n=27), and perforated (n=12), regarding the results of surgical pa-
thology. Five patients with pathologically proven “normal” appendix were noted as “mild stage appendicitis”
based on gray scale and SE analysis. In total, when gray-scale and SE results were compared with pathology
results regardless of the stage of appendicitis, sensitivity, specificity, positive predictive value, negative predic-
tive value, and accuracy rates were 96%, 96%, 95%, 96.8%, and 96%, respectively. No statistically significant
difference was detected between other groups (P<0.05).

In acute appendicitis, the use of SE imaging as a supportive method for the clinical approach can be useful in
diagnosis, and its results are closely correlated with the histopathologic stage of appendix inflammation.
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Background

Arslan H. et al.:
Strain elastography in diagnosis and staging of acute appendicitis
© Med Sci Monit, 2018; 24: 855-862

Material and Methods

Acute appendicitis is the most frequent cause of acute pain in
the lower right abdomen [1]. When diagnosis is based only on
the clinical signs, the rate of false-positivity varies between 8%
and 30%. Hence, clinical diagnosis alone leads to many inap-
propriate surgical interventions, but delay in diagnosis or a con-
servative approach may lead to progression of the disease [2].
Therefore, visualization methods are important in balancing
these 2 approaches. The use of sonography and/or computed
tomography (CT) in diagnosis markedly decreases the nega-
tive appendectomies [3]. Results of many studies have indi-
cated high rates of accuracy of sonography and CT in the di-
agnosis of acute appendicitis [4—6]. However, there still exist
some problems in diagnosis made by both sonography and CT.
Normal appendix, periappendicular inflammation, and tip of
the appendix cannot be detected in 15% of the patients [7,8].
In a study by Pickuth et al., rates of sensitivity and specificity
were reported to be 87% and 74% for sonography, and 95%
and 89% for CT, respectively, and this is why CT has been pre-
ferred for the detection of acute appendicitis [9]. Despite such
preferences, sonography is still the primary visualization meth-
od in the evaluation of acute abdominal pain [10].

The morphological properties of the investigated tissue or le-
sion and its characteristics of contrast trapping can be deter-
mined by the conventional imaging techniques used in radi-
ology. Elastography is a visualization method that measures
the response of a tissue against an applied force, and thus the
elasticity and stiffness of the tissue [2]. SE is a semi-static and
semi-quantitative method. Hard tissues can be compressed as
a whole, and they are therefore less deformable and less dis-
placed compared to the soft tissues. The strain values of hard
tissues are therefore low. The rate of displacement during the
compression and decompression phase is called strain value
and is indicated in the elastogram [11]. In general, hard tis-
sues are observed in blue color and soft tissues in red color,
while tissues with intermediate stiffness are observed in green
color. Strain index (Sl) is the ratio of the strain value of struc-
tures at the periphery of the investigated tissue to the strain
value of the investigated tissue itself. The Sl values of hard
tissues are high because they are generally less compressible
and less deformable compared to the surrounding tissues. SE
is a novel visualization method, and it increases the accura-
cy of sonography in various challenging diagnostic situations.

We have assessed the efficacy of SE in the diagnosis and staging
of inflammation in patients suspected of having appendicitis.

Our study includes a total of 225 pediatric patients with ages
from 1 to 18 (mean age of 13+3.8 years) who were admitted
with pain in the lower right abdomen between March 2013
and May 2015. Of these patients, 103 were female and 122
were male. The teams of clinicians and radiologists were blind
to the design of the study group. All participants were evaluat-
ed for their demographic data, clinical symptoms, visualization
data, surgical data, and pathological reports. Written consent
was obtained from the parents or from the first-degree rela-
tives of all patients participating in the study. The study pro-
tocol of the research was reviewed and confirmed by the local
ethics committee. Radiological evaluations were performed in
unison and in consensus by 2 radiologists with 10- and 5-year
experiences in the use of US. All analyses were performed us-
ing Hitachi (HI Vision Preirus, EZU-MT28-S1) device.

Routine gray-scale sonographic investigation was performed
using a 5-mhz convex transducer, which was followed by in-
vestigation of the lower right abdomen with gradual compres-
sion technique by using a 13-mhz linear transducer. The pres-
ence of appendicolith in appendix, the widest outer diameter,
wall thickness, compression state, increased echogenicities
in periappendicular fluid, and the surrounding adipose tissue
were recorded in all patients. In gray-scale analysis, an out-
er diameter of 6 mm and a wall thickness greater than 3 mm,
non-compressible appendix, appendicoliths, increased periap-
pendicular echogenicities, and associated fluid were evaluat-
ed as pathological. Following sonography, a real-time SE with
gentle compression was performed to explore the increased
stiffness in the appendix and surrounding tissue. All SE imag-
es were investigated in sections for the quality factor (QF) of
the strain maps. Only images with QFs greater than 30 were
selected for evaluation. Normal appendix was visualized as
compressed or oval-shaped and without any increased stiff-
ness in its wall (Figure 1); while inflamed appendix was visu-
alized as a round structure with areas of increased stiffness
in the appendiceal wall observed as blue regions in the strain
maps (Figure 2). Periappendicular inflammation was visual-
ized as blue regions. Stages of the inflammation regions were
defined as mild, moderate, or severe according to the color-
scoring system based on the distance starting from the outer
appendiceal wall and including the area with abnormal stiff-
ness. Increased stiffness was mostly observed only in the ap-
pendiceal wall and immediately in the juxta-appendicular re-
gion in mild inflammation. These are observed in regions up
to 2 cm from the outer appendiceal wall in moderate inflam-
mation. In marked inflammation, these areas are observed
in regions further than 2 cm from the outer appendiceal wall
(Figures 3-5). All patients fulfilling the criteria for acute ap-
pendicitis based on their gray-scale and ES analyses under-
went surgery. Surgical pathology results were accepted as the
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Figure 1. Normal appendix. Normal appendix in the SE (diameter of the appendix 5.1 mm).

Figure 2. Acute focal appendicitis. Lumen with a diameter of 5.6 mm, and a limited blue color-coding in the wall in SE.

criterion standard. During the surgery, the size of the appen-
dix, inflammation-hyperemia in the wall, periappendicular in-
flammation/adhesion, states of the omentum and mesoap-
pendix, and local fluid presence were recorded. The results of
SE were compared with those of the surgery and pathology.

Definitive diagnosis of acute appendicitis is made by the path-
ological investigation of surgically extracted appendix mate-
rial. In @ macroscopically well-developed inflammation of the
appendix, the layer of serosa has a fibrinous or purulent ap-
pearance, and the vessels become clearly apparent. Luminal ob-
struction by fecalith or some other agents are seen in approx-
imately 1/3 of the cases. Microscopically, the appendiceal wall
can have changes ranging from minimal focal inflammation to
total necrosis. The degrees of abnormalities partially depend

on the duration between the onset of symptoms and surgery.
Acute appendicitis has 4 pathological stages: acute focal, acute
suppurative, gangrenous (phlegmonous), and perforative [12].

Descriptive statistical data for the continuous variables are
presented as the mean, standard deviation, and minimum and
maximum values, while the number of cases and percentage
values were used for the categorical variables. The relationships
between the categorical variables were determined using the
chi-square test. Statistical methods for diagnostic tests (sen-
sitivity, specificity, accuracy) were also applied for determin-
ing the performances of the new tests. Statistical significance
level was considered as 5%, and SPSS (version 20) statistical
software was used for all statistical computations.
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Figure 4. Suppurative appendicitis. A markedly distended appendix in the SE, and a blue color-coding not exceeding 2 cm in the
adjacent fatty tissues.

Figure 5. Perforated appendicitis. A distended appendix with irregular margins in the SE, and a blue color-coding exceeding 2 cm in
the surrounding fatty structures.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution- 858
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Arslan H. et al.:
Strain elastography in diagnosis and staging of acute appendicitis
© Med Sci Monit, 2018; 24: 855-862

CLINICAL RESEARCH

Table 1. Table of comparison based on SE and surgical-pathological stages.

Sensitivity Specificity

Positive predictive

Negative predictive

Rate of accuracy
value

value

HD — mild; OD — moderate; AD — severe; AFA — acute focal appendicitis; ASA — acute suppurative appendicitis; FA — phlegmonous

appendicitis; PA — perforated appendicitis.

Results

In gray-scale analysis, normal appendix was visualized in a
compressed state, with an outer diameter of less than 6 mm,
and in SE analysis it was compressed and had mild yellow and
green colors. In 125 cases, the initial physical and radiological
examinations did not reveal acute appendicitis in 10 patients
in whom even the appendix could not be visualized by US. At
clinical follow-up, 10 of these 125 cases suggested appendi-
citis and surgery was then planned. In cases with acute ap-
pendicitis, the wall of the appendix was thick and non-com-
pressed, and its diameter in most cases was greater than 6
mm. In 100 cases with suspected appendicitis, the diameter
was greater than 6 mm. There were 7 cases with a diameter
of 5-6 mm and normal according to the gray-scale analysis,
but mild according to the color scoring in SE (Figure 1). In ad-
dition, periappendicular free fluid, increased mesenteric echo-
genicity, and formations of abscess were correlated with the
severity of inflammation. Histopathological analysis was con-
firmed by the specific diagnosis of the resected tissue. In our
study, appendicitis cases were classified into 3 groups based
on the results of SE analysis: mild (n=17), moderate (n=39),
and severe (n=44); and into 4 groups based on the surgical pa-
thology results: acute focal (n=10), acute suppurative (n=46),
phlegmonous (n=27), and perforated (n=12). The sensitivity,
specificity, positive predictive value, negative predictive val-
ue, and accuracy rates were 22.2%, 93.7%, 23.5%, 93.3%, and
88%, respectively, between mild appendicitis and acute focal
appendicitis; 27.3%, 97.2%, 70.6%, 84.3%, and 83.3%, respec-
tively, between mild appendicitis and acute suppurative ap-
pendicitis; 55.6%, 86%, 25.6%, 95.7%, and 83.6%, respectively,
between moderate appendicitis and acute focal appendicitis;
54.5%, 91.5%, 61.5%, 89%, and 84.2%, respectively, between
moderate appendicitis and acute suppurative appendicitis;
96%, 89.8%, 54.5%, 99.4%, and 90.5%, respectively, between
severe appendicitis and phlegmonous appendicitis; and 100%,
84.7%, 27.3%, 100%, and 85.5%, respectively, between severe

Table 2. Efficiency of US+SE in the diagnosis of acute

appendicitis.
Sensitivity 96.0%
"""" Specificity  960%
"""" False positivity ~ 40%
"""" False negativity ~ 40%
"""" Negative cutoffvalue ~ 968%
"""" Positive cut offvalue  950%
"""" Rateofaccuracy  960%

appendicitis and perforated appendicitis. No statistically signif-
icant difference was detected between other groups (Table 1).
When gray-scale and ES results were compared with pathol-
ogy results regardless of the stage of appendicitis, sensitivity,
specificity, positive predictive value, negative predictive val-
ue, and accuracy rates were 96%, 96%, 95%, 96.8%, and 96%,
respectively (Table 2).

Discussion

Acute appendicitis is the most common disorder that gener-
ally requires urgent abdominal surgery in the pediatric popu-
lation. It is one of the major reasons of hospitalization among
children. It is typically observed in older children and young
adults. The incidence of acute appendicitis in children admit-
ted to hospitals for ambulatory care with acute abdominal
pain varies between 1% and 4%. Lifelong risk of acute appen-
dicitis varies between 7-9%. Delayed diagnosis can result in
perforation, abscess formation, peritonitis, sepsis, bowel ob-
struction, and death [13].
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Due to the challenging nature of diagnosing appendicitis in the
pediatric population, reported incidences of negative appen-
dectomy are between 5% and 25%. The prevalence of appen-
dix perforation in various pediatric series varies between 23%
and 73%. The perforation rate is higher in infants than in pre-
schoolers. Complications occur in more than 1/3 of the perfo-
ration cases. The mortality rate following acute appendicitis in
the general population is approximately 1% and most of these
cases are related to perforated appendicitis [14].

US is a fast and cost-effective visualization modality used in
the diagnosis of acute appendicitis. When compared with the
other visualization methods, US is practical, non-invasive, ra-
diation-free, and requires minimal preparation. When com-
pared with CT, it does not include ionizing radiation, it is more
cost-effective, and enables dynamic evaluation of abdominal
organs. Many studies show the high specificity and sensitiv-
ity of US in the diagnosis of acute appendicitis. Its sensitiv-
ity is reported as 85-100% and specificity as 89-98% [15].

CT provides high accuracy in the non-invasive evaluation of
patients suspected of having appendicitis. The reported sen-
sitivity rate is 88-100%, specificity is 91-99%, positive pre-
dictive value is 92-98%, negative predictive value is 95-100%,
and accuracy is 94-98%. The most important advantage of CT
is its ability to show the appendix, periappendicular tissue,
and other intra-abdominal structures, even in extreme indi-
viduals. Therefore, when normal appendix is observed in CT,
acute appendicitis is implicitly excluded by the radiologist, and
when abnormal appendix is observed, the appendicitis diagno-
sis can be made. Its most important disadvantage is the risk
of ionizing radiation, because pediatric patients are 10 times
more sensitive to IR than are adults and elderly patients [16].

In a meta-analysis comparing US and CT in children and adults,
the sensitivity of US in children was 88% and specificity was
94%, whereas the sensitivity of CT was 94% and specificity was
95%. Although CT has a greater sensitivity than US, the poten-
tial harm caused by radiation exposure in children should be
kept in mind [17]. Exposure to ionizing radiation restrains the
use of CT in pregnant women, young adults, and children [18].

Magnetic resonance (MR) is recommended as an alternative
visualization method to CT in suspicion of acute appendici-
tis. Similar to US, MR does not involve ionizing radiation. In a
study comparing non-contrast MR and US in children, the di-
agnostic performance of both methods in acute appendicitis
was found to be close [19-21]. However, its high cost restricts
the access of many patients. Magnetic resonance is costly and
disadvantageous because it requires sedation.

Visualization methods revealing the inner structure of the
tissues have become more frequently used in recent years.

Arslan H. et al.:
Strain elastography in diagnosis and staging of acute appendicitis
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Real-time elastography has shown high sensitivity and speci-
ficity in the diagnosis of acute appendicitis through the qual-
itative evaluation of wall stiffness in inflamed appendicitis.
Elastography is a visualization method that measures the re-
sponse of a tissue against an applied force, and thus the elas-
ticity and stiffness of the tissue. It is mostly used in combi-
nation with US due to its easy application, cost-effectiveness,
time-effectiveness, and absence of harmful effects [22].

In a study by Kapoor et al. on 40 adult patients with pain in
their lower right abdomen, using real-time SE, sensitivity and
specificity of SE in the diagnosis of acute appendicitis were
both found to be 100%, whereas sensitivity and specificity of
US were found to be 88% and 100%, respectively [11]. In ad-
dition, areas of increased stiffness as a sign of periappendic-
ular inflammation were classified into 3 stages. We based our
study on the classification described by Kapoor et al. These
findings were reported to be correlated with surgical findings,
but pathological correlation was not studied. In our study, all
US-SE findings were confirmed with surgical-pathological find-
ings. When results of gray-scale US-SE and pathology were com-
pared, and the sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were 96%, 96%, 95%,
96.8%, and 96%, respectively. To the best of our knowledge,
our study is the first in the literature where SE findings are
compared with surgical-pathological findings in acute appen-
dicitis. More information on the ability of SE to reveal the se-
verity and prevalence of inflammation can be obtained through
studies using larger series.

Strain elastography indicates the stiffness in the tissues, de-
fined as the change in length during compression divided by
the length before compression. The stress in SE is usually ap-
plied externally either by manual compression with the trans-
ducer or by acoustic radiation force impulse (ARFI). The ac-
curacy of strain elastography depends on the operator’s skill
and experience; therefore, training and experience in acquiring
strain elastograms is essential. Ultrasound elastography, using
either SE or SWE, is a valid and useful tool used in addition to
gray-scale and color Doppler US in thyroid evaluation, as evi-
denced by the literature and the EFSUMB guidelines. However,
to achieve reliable SE, adequate training, suitable cutoff val-
ues for both strain and SWE, adequate equipment, and clini-
cally appropriate examinations are necessary. Future techni-
cal developments to reduce inter-observer and intra-observer
variability will be helpful. SWE appears to have the advantage
of being lesser operator-dependent; in addition, the learning
curve for strain elastography seems to be short [23] and has
been improved significantly by the availability of real-time op-
erator feedback. Some authors claim that SWS is an operator-
independent and reproducible technique [24].
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In a study by Gdya et al. using acoustic radiation force impulse
technique (ARFI) in the diagnosis of acute appendicitis, sen-
sitivity and specificity of abdominal US were 83.3% and 80%,
respectively, whereas these values were 100% and 98% for
ARFI. Mean SW rates were 1.11 m/s in healthy appendix and
2.07 m/s in acutely inflamed appendix. ARFI imaging may be
useful in guiding the clinical management of acute appendi-
citis by helping its diagnosis and determining the severity of
appendix inflammation. When compared with our study, sen-
sitivity and specificity values of ARFI in the diagnosis of acute
appendicitis are slightly higher. This can be explained by the
higher efficiency of the quantitative values obtained in ARFI
than the visual classification in SE. With studies using larg-
er series where SE and ARFI can be used in the diagnosis of
acute appendicitis, correlation between sensitivity and spec-
ificity values and severity of inflammation can be better un-
derstood [25].

In a study of patients suspected of having acute appendicitis,
using Shear Wave Elastography (SWE), elastic module values
were statistically significantly higher in patients with acute
appendicitis than in those who did not have acute appen-
dicitis. Mean elastic module value in the appendicitis group
was 25.0 kPa, in those who did not have appendicitis it was
10.4 kPa, and in healthy individuals it was 8.3 kPa. When an
elastic module value >12.5 kPa is accepted, sensitivity and
specificity of SWE in the diagnosis of acute appendicitis were
93% and 100%, respectively [26].

US cannot be used efficiently in cases with a diameter small-
er than 6 mm, which constitute 15% of all appendicitis cas-
es [14]. Appendix can be visualized in only 88% of healthy in-
dividuals. However, when the diameter is less than 6 mm, it
is hard to distinguish an inflamed appendix from a healthy
appendix [15]. There were 7 cases with a diameter of about
5-6 mm which could not be diagnosed in SE by US. As could
be seen in our study, accurate diagnosis by color-coding meth-
od shows that appendix inflammation can be diagnosed by
detecting the changes in wall stiffness using SE. This can be a
useful additional criterion in confirming the clinical diagnosis
of acute appendicitis, and can be even more useful in symp-
tomatic patients with an appendix size less than 6 mm, and
in cases with tip appendicitis.

SE can highly accurately and specifically diagnose acute ap-
pendicitis by qualitatively determining the wall stiffness of the
inflamed appendix. SE is highly sensitive both in the diagno-
sis and in demonstration of the severity of inflammation [11].
In our study, we found that sensitivity of SE in surgical-path-
ological staging varied between 20% and 100% and was cor-
related with the severity of inflammation. These results sug-
gest that staging with SE can be particularly effective in the

CLINICAL RESEARCH

Inflammation of the periappendicular adipose tissue is seen
as increased echogenicity in US analysis [17]. However, this
evaluation is best performed by SE. Periappendicular inflam-
mation is visualized as blue to dark-blue areas in SE based on
the prevalence and severity of inflammation. The possibility to
evaluate based on the severity increases the rate of early di-
agnosis and decreases the risk of complications in advanced
cases. In this study, the real-time color change responses dis-
played by SE were used as a sensitive marker to evaluate dif-
ferent levels of inflammation by the peri-appendicial fat tis-
sue. Even differentiations between acute focal appendicitis and
mild appendicitis and between mild appendicitis and acute sup-
purative appendicitis could be made by SE, which was then
confirmed by the pathological data. This means that when in-
flammation crosses the limits of the appendix, an evaluation
closer to the pathological stage can be made.

As demonstrated in our study, the values of sensitivity and
specificity increase proportionally with the severity of inflam-
mation. It also plays an important role in the diagnosis of small-
scale cases with inflamed appendix. Thus, SE visualization can
be used in the evaluation of acute appendicitis in early stag-
es as well as in advanced stages where the risk of perforation
is at its highest. SE visualization can enable fast and accu-
rate diagnosis of appendicitis in cases with low inflammation
such as non-distended and tip appendicitis. In general, its di-
agnostic sensitivity markedly increases when used in combina-
tion with US visualization. Therefore, SE visualization enables
rapid application of appropriate clinical treatment strategies.

Our study has various limitations. Some difficulties were ex-
perienced in the compliance of the pediatric patients. We did
not have cases mimicking acute appendicitis such as divertic-
ulitis, terminal ileitis, typhlitis, mesenteric lymph adenitis. In
the medical center, surgeons did not prefer CT in appropriate
patients and therefore comparisons could not be performed.
The best advantage was that pediatric population had lower fat
content than the adults and have a superficially located appen-
dix, which enables us to make effective evaluation. Similar to
standard US, elastography requires good patient cooperation.

Conclusions

SE has a high sensitivity in the diagnosis and staging of acute
appendicitis, enables the staging to be correlated with the
severity of pathological stage, and reveals the severity of the
case to the clinician; therefore, it can contribute to shortening
the treatment duration and decreasing the number of compli-
cated advanced cases.
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