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Accuracy of ultrasonography in diagnosis of acute
appendicitis at King Chulalongkorn Memorial Hospital
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Background: Acute appendicitis is one of the most common emergency abdominal surgical condition with a
yearly incidence rate of approximately 140 per 100,000 persons in Thailand between 2014 to 2017. The diagnosis of
appendicitis is mainly relied on clinical manifestations, but these diagnostic approaches are not always accurate.
Imaging tests such as graded compression ultrasonography (US) and computed tomography (CT) have become
more commonly used to improve the diagnostic performance.

Objective: To evaluate the sensitivity, specificity and predictive values of US in the diagnosis of acute appendicitis
at King Chulalongkorn Memorial Hospital (KCMH).

Methods: We retrospectively gathered data from the records of 85 adult patients, suspected acute appendicitis
and underwent abdominal US at KCMH between January 2010 and December 2017. We collected patient’s
demographic data, clinical history, laboratory findings, US report and subsequent CT imaging, surgical report
and pathological findings. Surgical record and histopathologic analysis were the reference standard.

Results: Overall, US had sensitivity 69.0% (95% CI, 49.2 — 84.7), specificity 89.3% (95% CI, 78.1 —96.0), accuracy
82.4% (95% CI, 72.6 — 89.8), positive predictive value (PPV) 76.9% (95% CI, 56.4 — 91.0) and negative predictive
values (NPV) 84.7% (95% CI, 73.0 — 92.8) for the diagnosis of acute appendicitis in adult patients. The enlarged
appendix diameter > 6 mm finding showed the highest sensitivity, accuracy and NPV.

Conclusion: US might be useful imaging modality to diagnose acute appendicitis in adult patients not just in
some specific condition. The evidence of enlarged appendix diameter > 6 mm is the most accurate appendiceal

finding for the diagnosis of acute appendicitis.
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Acute appendicitis is one of the most common
emergency abdominal surgical conditions, with a yearly
incidence rate of approximately 100 per 100,000
persons in Europe and Americas. Lifetime risk for
appendicitis is 8.6% in males and 6.7% in females,
most commonly in the second decade of life." A
yearly incidence rate of appendiceal disease is
approximately 140 per 100,000 persons reported from
the Ministry of Public Health of Thailand between
2014 to 2017. The diagnosis of appendicitis is mainly
relied on clinical manifestations from history taking
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and physical examination, i.e., migrating abdominal
pain, right lower quadrant pain and tenderness, nausea/
vomiting, and fever. Routine laboratory and imaging
tests are not the essential part especially in cases with
strong clinical findings suggested appendicitis.
However, these diagnostic approaches are not always
accurate.® ¥ Therefore, imaging tests such as graded
compression ultrasonography (US) and computed
tomography (CT) have become more commonly used
to improve the diagnostic performance. ®

The technique of graded compression sonography
was introduced by Puylaert in 1986. ©® Since then,
many investigators have improved the sonographic
diagnostic criteria for acute appendicitis. The
advantages of US include widely available, low cost,
noninvasive, no need for patient preparation, ability
to provide dynamic information through graded
compression and most importantly, it lacks ionizing
radiation. ? In addition, graded compression US was
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also categorized as “may be appropriate” for the
patients who presented with right lower quadrant
pain-suspected appendicitis from the 2018 revised
Appropriateness Criteria, prepared by the American
College of Radiology. ® However in adults, CT is
the investigation of choice with sensitivities range
from 85.7% to 100.0%, and specificities range from
94.8% to 100.0%® ' and the most accurate study
for evaluating patients without clear clinical diagnoses
of acute appendicitis. "' -'¥ Despite the advantages in
the use of CT, the radiation risk to the patient is still
important. Therefore, we would like to know the true
accuracy of US for diagnosis of acute appendicitis in
daily clinical practice to choose the appropriate imaging
modality.

The aim of this study was to evaluation
the sensitivity, specificity and predictive values of
ultrasonography in diagnosis of acute appendicitis at
King Chulalongkorn Memorial Hospital (KCMH).

Materials and methods
Patient selection and data collection

Institutional Review Board (IRB) and Health
Insurance Portability and Accountability Act (HIPAA)
approvals were obtained; the requirement for informed
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consent was waived by our hospital IRB (IRB number:
499/60). In this retrospective study, we included
all patients suspected of acute appendicitis who
underwent abdominal ultrasonography at our institution
between January 2010 and December 2017. The
patient cohort for this study was identified by searching
our radiologic department database which acquired
radiologic image data from the diagnostic Picture
Archiving and Communication System (PACS)
workstations (AGFA Impax; AGFA Technical Imaging
Systems, Ridgefield Park, NJ). A total of 448 patients
were identified by keywords “acute appendicitis, right
lower quadrant pain (RLQ pain), and lower abdominal
pain”. Only adult patients (aged > 15 years old) were
included in this study (n = 236). The exclusion criteria
were: (a) pregnancy patients (n=61) due to difficulties
in find the pathologic appendix on US because of the
gradual superior migration of appendix during
pregnancy¥; (b) other causes (n = 151; not related
to acute appendicitis 46, no finding about appendix
in sonographic report 48, post appendectomy 17,
underwent only US upper abdomen or US Kidney,
ureter, and bladder (KUB) 37, and incomplete medical
records 3) (Figure 1).

448 patients with US
Between Jan 2010 - Dec 2017

Exclude 212 patients

Age <15 years (n=151)

Include 236 patients (adult US cases)

Exclude 151 patients with other causes
Not related to acute appendicitis (n = 46)

Post appendectomy (n = 17)

Incomplete medical record (n = 3)

No finding about appendix in sonographic report (n=48) | —|

Underwent only US upper abdomen or US KUB (n = 37)

A total of 85 patients in the study

Figure 1. Flow chart of our retrospective study design. Note-US: ultrasound, KUB: kidneys, ureters, and bladder.
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The electronic medical record (EMR) review of
included adult patients was performed by the author
to collect patients’ demographic data including age,
gender, weight, height, body mass index (BMI),
systemic disease, clinical history including presence
of fever (> 37.5°C), nausea/vomiting, right lower
quadrant pain, laboratory findings including presence
ofleukocytosis (white blood cells > 10° cells/L or 10?
cells/ul), left-shift of polymorphonuclear leukocytes
(PMNs) on complete blood count testing, abdominal
surgery and associated pathological findings,
admission record and final diagnosis using Hospital
Information System (HIS). The ultrasonographic
reports and any subsequent CT or magnetic resonance
(MR) imaging were also recorded. Surgical record
and histopathologic analysis were the reference
standard. Pathological results of acute appendicitis
were collected in the cases labeled as “positive” For
the cases labeled as “negative” from US, we reviewed
the EMR to confirm that they did not receive surgical
treatment and ending with completely discharge from
the hospital. We also reviewed the EMR extending
through the next 3 months after the suspected visit to
make sure that these patients did not revisit/re-admit
in the clinical associated with appendicitis or
complication from appendicitis.

The missing data most often occurred in charts
missing BMI information, so the BMI analysis was
performed only for patients with available information.

Ultrasound technique and imaging analysis

US studies were performed by radiology residents
and experienced radiologists using either iU22
ultrasound system machine (Philips Healthcare)
with a L9-3 (9.0 - 3.0 MHz) linear transducer and
C5-1 curve transducer or Logiq E9 machine (GE
Healthcare) with a 9L-D linear array transducer
and C1-5-D broad spectrum convex transducer. The
abdomen was initially examined at US in B-mode.
Evaluating appendix and surrounding region by using
a linear array transducer with graded compression
technique described by Puylaert® and color Doppler
US in some cases was performed at the end of the
US examination. All images were transmitted to
PACS.

The criteria for positive appendicitis identified by
ablind-ended, enlarged (maximal outer anteroposterior
diameter > 6 mm) tubular structure in the right lower
quadrant and lack of compressibility of the appendix.
The other appendiceal findings were fluid in the
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appendiceal lumen and color flow in the appendiceal
wall on color Doppler US image. The periappendiceal
findings including inflammatory changes of perienteric
fat in the right lower quadrant, cecal wall thickening,
right lower quadrant lymph nodes, and peritoneal
fluid which supporting evidence of appendicitis were
also recorded. Normal appearance of appendix or
non-visualized appendix on US were considered as
negative appendicitis. Therefore, all diagnostic test
results were considered either positive (when the
appendix was visualized and any suggestion of
appendicitis) or negative for appendicitis.

The information of US findings were collected
from both US reports and reviewing US images by
the researcher; first reviewed data were then
compared with the US report in each case. The
reviewer was blinded to pathologic report.

Statistical analysis

All statistical analyses were performed using
Stata Statistical Software program (Stata/IC 14.0;
Stata Statistical Software, College Station, TX, USA).
Continuous variables were reported as means and
standard deviations (SD). Categorical variables were
summarized as frequency counts and percentages.
Sub-group analyses were performed to assess if
diagnostic accuracy was increased from the pre-test
probability of acute appendicitis. The pre-test
probability factors included appendiceal and
periappendiceal ultrasonographic findings that
found in ultrasonographic report. We used Chi-Square
test to assess the significant differences in calculated
values. A P < 0.05 was considered statistically
significant. The pathology report was used as the
diagnostic gold standard. Sensitivity, specificity, positive
predictive value (PPV), negative predictive values
(NPV) and accuracy were calculated separately
comparing US to surgical results to evaluate the
diagnostic performance.

Results
Patient characteristics

Our final study population of 85 of 448 patients
consisted of 22 males and 63 females and the mean
age was 38.5 £ 20.3 years (range: 16 - 105 years).
The mean BMI was 21.9 + 4.2 kg/m? (range: 15.6 —
30.0 kg/m?) from 32 patients. No patients’ BMI, body
weight or height was recorded in other 53 patients.
The clinical of fever and laboratory findings are also
showed in Table 1.
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Table 1. Patient’s demographic data and clinical laboratory findings classified by pathological results.

Pathological result

Variable Total (n=85) Positive (n=29) Negative (n=56)
Mean age, years (+ SD) 38.5(20.3) 36.8(17.0) 393(21.9)
BMI, kg/m? (+ SD) 21.9(4.2) 224(3.9) 214(44)
Gender

Male, n (%) 22(25.9) 10(34.5) 12(21.4)

Female, n (%) 63(74.1) 19(65.5) 44(78.6)
Fever

Yes, n (%) 28(32.9) 8(27.6) 20(35.7)

No, n (%) 57(67.1) 21(724) 36(64.3)
Leukocytosis

Yes, n (%) 47(55.3) 22(75.9) 25(44.6)

No, n (%) 38(44.7) 7(24.1) 31(554)
Left-shift PMINs

Yes, n (%) 48(56.5) 20(69.0) 28(50.0)

No, n (%) 37(43.5) 9(31.0) 28(50.0)
US findings Overall, US had sensitivity 69.0% (95% CI,

Of the 85 patients who met all inclusion criteria,
26 patients were positive US reports and 59 patients
were negative US reports. In 26 positive US only 20
patients found positive pathological result as acute
appendicitis while in 59 negative US also found positive
pathological result as acute appendicitis in 9 patients.

From the 85 US studies, 51 were performed by
an radiology resident alone (60.0%) and the rest 34
studies were performed by experienced radiologist
(40.0%). Among the studies performed by radiology
residents;13 studies were classified as positive US
(25.5%) and only 8 studies were pathological positive
(61.5%). All of the false positive US studies (5 cases)
found enlarged appendix. Thirty-eight studies were
classified as negative US (74.5%) and 33 studies were
negative (86.8%). Among the studies performed by
experienced radiologist; 13 studies were classified as
positive US (38.2%) and 12 studies were pathological
positive (92.3%). One false positive study performed
by experienced radiologist found enlarged appendix
with cecal wall thickening on US and the final
diagnosis on EMR is cecal diverticulitis. Twenty-one
studies were classified as negative US (61.8%) and
17 studies were negative cases (80.9%). Subsequent
abdominal CT imaging was done in total 20 cases
(23.5%). From 7 positive US reports, 5 cases were
positive CT imaging and 2 cases showed normal
appendix. From 13 negative US reports, 2 cases were
positive CT imaging and 11 cases showed normal
appendix. The pathologic results were acute
appendicitis in all positive CT cases.

49.2 —84.7), specificity 89.3% (95% CI, 78.1 - 96.0)
and accuracy 82.4% (95% CI, 72.6 — 89.8) for the
diagnosis of acute appendicitis in adult patients. The
PPV of US in diagnosis of acute appendicitis in adult
patients was 76.9% (95% ClI, 56.4 — 91.0) and NPV
was 84.7% (95% CI, 73.0 — 92.8). The cases without
appendicitis were 56 in total and the final diagnosis
also seen in variable causes as shown in Table 2. The
majority of them were nonspecific abdominal pain and
gastroenteritis.

For sub-group analysis sensitivity, specificity,
PPV, NPV and accuracy of appendiceal and
periappendiceal ultrasonographic findings in positive
ultrasonographic report comparing with pathological
result demonstrated in Table 3. The appendiceal
finding of “enlarged appendix diameter > 6 mm” was
the finding that most found in positive ultrasonographic
cases and also got the highest sensitivity, accuracy
and NPV (Figure 2). About the periappendiceal
findings, there were reported in less cases than the
group of appendiceal findings. The periappendiceal
finding of “inflammatory change of perienteric fatin
RLQ” was the most finding found and got the highest
sensitivity, specificity and PPV among other findings
in this group. The appendiceal finding of “color in the
appendiceal wall on Doppler US” and periappendiceal
findings of “cecal wall thickening” and “lymph nodes
in the RLQ” were reported in only 18, 4 and 2 cases
respectively, among the 26 ultrasonographic positive
reports (Figure 3).



Vol. 67 No. 1
January - March 2023

Accuracy of ultrasonography in acute appendicitis

Table 2. Final diagnoses in patients without appendicitis.
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Final Diagnosis

No. of patients (n =56)

Nonspecific abdominal pain

Gastroenteritis
Gynecologic disease
Renal/Ureteric stone

Urinary tract infection

Typhlitis

Infected renal dialysis

Acute cholecystitis
Cecal diverticulitis
Psoas abscess
Septicemia

Tuberculous lymphadenopathy

Right pleural effusion

Myeloproliferative disorder

26
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Table 3. Sensitivity, specificity, PPV, NPV and accuracy of appendiceal and periappendiceal findings in 26 positive
ultrasound cases compared with pathological result.

Ultrasonographic findings: Appendiceal findings

Pathological result Enlarged appendix Lack of Fluid in Color in the

diameter > 6 mm compressibility appendiceal appendiceal wall
of the appendix lumen on Doppler US

Positive (n) 20 18 13 7

Negative (n) 6 0

Value

Sensitivity 69.0(49.2,84.7) 62.1(42.3,79.3) 44.8(26.5,64.3) 29.2(12.6,51.1)

Specificity 89.3(78.1,96.0) 92.9(82.7,98) 94.6(85.1,98.9) 100(93.3,100)

PPV 76.9(56.4,91.0) 81.8(62.7,92.4) 81.2(57.3,93.3) 100(54.1,100)

NPV 84.7(73.0,92.8) 82.5(74.7,88.3) 76.8(70.3,82.2) 75.7(70.7,80.1)

Accuracy 82.4(72.6,89.8) 82.3(72.6,89.8) 77.6(67.3,86.0) 77.9(67.0,86.6)
Ultrasonographic findings: Periappendiceal findings

Pathological result Inflammatory change of Cecal wall Lymph nodes in Peritoneal fluid
perienteric fatin RLQ thickening the RLQ

Positive (n) 12 1 0 7

Negative (n) 1 3 2 3

Value

Sensitivity 41.4(23.5,61.1) 10(0.3,44.5) 0(0,33.6) 24.1(10.3,43.5)

Specificity 98.2(90.4, 100) 94.3(84.3,98.8) 96.1(86.8,99.5) 94.6(85.1,98.9)

PPV 92.3(62.1,98.9) 25(3.7,74.3) 0(0,84.2) 70(394,89.3)

NPV 76.4(70.4,81.5) 84.7(81.7,87.3) 84.7(84,854) 70.7 (66,74.9)

Accuracy 78.8(68.6,86.9) 80.9(69.1,89.7) 82(70,90.6) 70.6 (59.7,80)

Note-Data are percentage with 95% CI in parentheses. PPV: positive predictive value, NPV: negative predictive value US:
ultrasound, RLQ: right lower quadrant



76 N. Kijwiwatanakul, et al.

Chula Med J

A

(B)

Figure 2. Positive appendiceal finding (A) Transverse and (B) Longitudinal US images obtained in a 16-year-old woman
with acute appendicitis. The appendix has an anteroposterior diameter of 14.5 mm (arrows).

(B)

Figure 3. Positive periappendiceal findings (A) Longitudinal US images obtained in a 23-year-old woman with acute
appendicitis show peritoneal fluid (arrows) (B) Inflammatory fat changes (arrows) in a 21-year-old woman

with acute appendicitis.

Discussion

Although the ACR Appropriateness Criteria for
investigation of right lower quadrant pain suspected
of acute appendicitis recommends CT as the most
appropriate imaging modality, ultrasound is an another
useful imaging modality in diagnosis of acute
appendicitis. ' Among the several studies from 1994
to 201615-1), sensitivity of US in diagnosis of acute
appendicitis were variable from 57.0 — 98.0% with
the higher range of specificity were 83.0 — 98.0%.
These results are similar to our study that showed
sensitivity of 69.0%, specificity of 89.3%. Therefore,
US can be a considerable imaging modality in the
diagnosis of acute appendicitis not just in some specific
conditions, for example in the cases of pediatric and
pregnant patients.

Despite the positive US reports in 26 patients out
of 85 patients who met all inclusion criteria, subsequent
abdominal CT imaging was still done in 7 patients. It
could be assumed that the additional imaging depended
on the physician’s decision which may according to
patients’ clinical and physical examination or physicians
need some additional information. According to the
study of Pare JR, et al. in 20161, there was 100.0%
agreement between the US and CT results of 15
patients who underwent imaging with both modalities
which suggested that patients who had a positive US
diagnosis could be proceed to surgery without any
further imaging. There were 5 out of 7 patients
showed positive CT imaging (71.4%) in our study thus
only a small number of patients in our study fell into
this category.



Vol. 67 No. 1
January - March 2023

For the sub-group analysis of appendiceal findings,
our study showed that enlarged appendix diameter
> 6 mm and lack of compressibility had the highest
accuracy which is in accordance with Kessler N,
et al. study in 2004. 9 Although we have small
number of periappendiceal findings in the positive US
cases, inflammatory change of perienteric fat in
RLQ had the highest sensitivity and specificity of
periappendiceal findings.

Our study has several limitations. Firstly, according
to the cross-sectional retrospective study, the US
findings in the included patients were not standardized
and uniformed but depended on US report of each
sonographer, resulting in lack of some findings in each
patient and also missing data from the medical record
which most often occurred with BMI information
made. These led to small sample size and impaired
statistical analysis. Secondly, our study chose to include
only suspected acute appendicitis patients who
underwent US lower and whole abdomen studies
without other specific diagnosis. The selection bias
could occur if there was the diagnosis of appendicitis
later in the excluded patients. Thirdly, there was low
number of ultrasound cases in recent years owing to
the clinicians tended to send CT as the first imaging
modality when patients had right lower abdominal
pain. Lastly, as US is an operator-dependent imaging
modality, detail of findings found in each case might
be underestimated due to several factors. In our
study more than half of US studies were performed
by a radiology resident who had less experience in
gastrointestinal US, causing false positive and false
negative US. False positive US may be due to mistakes
on the ileum and the normal appendix for the abnormal
appendix and mistakes on other inflammatory
processes such as cecal diverticulitis in our study. False
negative US may be attributed to obesity, increased
abdominal wall thickness®”, overlying bowel gas,
some position of appendix particularly retrocecal type.

Conclusion

We conclude that US is still the useful imaging
modality in order to diagnose acute appendicitis in adult
patients. The evidence of enlarged appendix diameter
> 6 mm is the most accurate appendiceal finding for
diagnosis acute appendicitis.
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