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Abstract: Objective: The aim of this study was to evaluate the diagnostic efficacy of ultrasound compared to CT in 
patients with suspected acute appendicitis, thereby reducing unnecessary CT examinations and associated radia-
tion exposure. Methods: A total of 108 patients who underwent ultrasound and/or CT examinations for suspected 
acute appendicitis were enrolled in this study from February 2014 to August 2015 at our hospital. The ultrasound, 
CT and pathological records were retrospectively analyzed to evaluate the diagnostic efficacy of the two imaging 
modalities on acute appendicitis. Results: The sensitivity, specificity, positive predictive value, negative predictive 
value and accuracy on the diagnosis of acute appendicitis was 85.5%, 66.7%, 98.5%, 15.4% and 84.8% with ul-
trasound and 87.8%, 75.0%, 97.7%, 33.3% and 86.8% with CT, respectively. Among these patients, there were 24 
cases imaged with both modalities, the analysis showed that AUC of ultrasound was larger than that of CT, while the 
difference was not statistically significant. For thickened appendix, the display rate of ultrasound was 63.5%, which 
was significantly higher than that of CT (31.9%) (P=0.001). For enlarged appendix, the display rates of ultrasound 
and CT were similar (82.4% and 93.6%, respectively). Additionally, for different pathological types of appendicitis, 
the detective rates for ultrasound and CT were as follows: 81.8% and 60.0% for acute simple appendicitis, 86.0% 
and 92.6% for acute purulent appendicitis, 90.9% and 100% for acute gangrenous appendicitis, while no significant 
difference was found between the two imaging modalities. Conclusion: Ultrasound should be used as the first-line 
imaging modality for diagnosing acute appendicitis, and complementary CT may be performed if inconclusive acute 
appendicitis is indicated.
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Introduction

Acute appendicitis (AA) is the most common 
acute abdominal condition worldwide [1]. On 
most occasions, a surgery is needed, especially 
for AA with perforation, because it is associat-
ed with significant morbidity and an increase in 
mortality. Thus far, the clinical diagnosis of AA 
remains a challenge to emergency physicians 
and surgeons both in the pediatric and adult 
populations, as the symptoms are often atypi-
cal and overlapped with various other diseases 
[2, 3]. In recent years, improvements in clinical 
and laboratory diagnosis have been achieved. 
What’s more, several scoring systems have 
been developed to guide clinical decision-mak-
ing, however, the fundamental decision of wh- 
ether to operate or not remains difficult [4].

The accurate diagnosis of AA depends on both 
clinical presentations and imaging techniques. 
Since the first report on ultrasound (US) in 
1986, imaging methods have been rapidly and 
now widely applied in the diagnostic armamen-
tarium for AA [5]. To date, US and computed 
tomography (CT) remain the most common 
used diagnostic imaging, and CT is considered 
the gold standard technique to evaluate pa- 
tients with suspected AA, because of its high 
sensitivity and specificity [2, 3]. While the asso-
ciated radiation exposure remains a concern, 
especially, among children, the elderly and 
pregnant women, as radiation protection is of 
major importance [2, 3, 6, 7]. Over recent years, 
research on various aspects of US imaging in 
the diagnosis of AA has gained major impor-
tance due to its radiation protection, broad 
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availability and cost-effectiveness [7]. There- 
fore, US may be valuable as an initial imaging 
choice for patients with suspected AA or with 
equivocal clinical presentations [8-10]. Several 
previous studies have evaluated the diagnostic 
value of US compared to CT in patients with 
suspected AA, while the results remain incon-
clusive [11-14]. What’s more, the diagnostic 
efficacy of the two modalities on different path-
ological types of AA has not been well eluci- 
dated.

In the current report, a total of 108 patients 
who underwent US or/and CT examinations for 
suspected AA were enrolled from February 
2014 to August 2015 at our hospital. The US, 
CT and pathological records were respectively 
reviewed and analyzed to evaluate the diagnos-
tic efficacy of the two imaging modalities. Our 
findings will provide important information for 
suitable imaging choice, which will not only 
improve the diagnostic accuracy of AA, but also 
reduce unnecessary CT examinations and as- 
sociated radiation exposure.

Materials and methods

Subjects

A total of 108 patients who underwent US and/
or CT examinations for suspected AA were 
enrolled in this study during the period from 
February 2014 to August 2015 at our hospital. 
The medical and imaging records were retro-
spectively reviewed. Abdominal pain was the 
primary presenting complaint, and the pain 
often initiated around the center of abdomen, 
and then migrated to the right lower abdomen. 
Other classical presentations included the leu-
kocytosis and fever, etc. US was performed in 
79 patients, CT in 53 patients, and both in 24 
patients prior to surgery. All the patients en- 
rolled in this study underwent an operation for 
treatment and recovered without a second su- 
rgery. Among all 108 patients, there were 101 
(male: 54 cases, female: 47 cases, mean age 
42.7 years with range from 6 to 81 years) with 
pathology-proven AA, and other 7 patients (ma- 
le: 4 cases, female: 3 cases, mean age 48.7 
years with range from 13 to 79 years) were pa- 
thologically diagnosed with chronic appendici-
tis (5 cases), distal ileitis (1 case) and appendix 
benign tumor (1 case).

This study was approved by the institutional 
review board. Patient data collection and stor-

age were HIPAA compliant. Written informed 
consent was waived because it was a retro-
spective study.

Imaging techniques

US was performed on a ultrasound equipment 
(LOGIQ E9, GE Healthcare, Cambridge, UK) with 
a low frequency convex array probe (2-5 MHz) 
and a high frequency linear array probe (6-15 
MHz). Patients were placed in a supine posi-
tion, and the scan was performed at multiple 
views, and usually started from the lower right 
abdomen with the iliac blood vessels of lower 
right abdomen and psoas major muscle as the 
center (upside to the lower edge of the liver, 
and downside to the pelvis). An abdominal 
probe was firstly used for scanning, especially 
in the ileocecus and obvious tenderness point. 
Then, the scan was focused on the suspicious 
part by using a high frequency probe. For obese 
patients or patients with extra intestinal gas, 
appropriate pressure should be added to the 
probe to better visualize the lesion. Ultrasound 
imaging was performed and read by experi-
enced residents or attending physicians, and 
suspected findings were further confirmed by 
the superior physicians.

CT was performed on a 16 slice spiral CT scan-
ner (Light Speed, GE Healthcare, Cambridge, 
UK) at 120-KV tube voltage and 350-mA tube 
current. Plain CT scan was performed in the 
whole abdomen or lower abdomen with 5-mm 
layer thickness and 5-mm layer distance. After 
scanning, multi planar reconstruction (MPR) 
and curve planar reconstruction (CPR) was con-
ducted at a layer thickness of 1.25 mm. All 
images were analyzed using soft tissue window 
(window width 300-380 HU, window level 50 
HU). When abnormal enlarged appendix or sus-
picious lesion was observed on plain CT scan, 
enhanced CT scan was performed with a range 
from the top of the diaphragm to the pubic 
bone, Oral contrast was administrated (iodixa-
nol, Visipaque 320, GE Healthcare, Cambridge, 
UK) at a dose of 300 mg/ml (60-80 ml), flow 
rate 4-4.5 ml/s. The images were read and ana-
lyzed by two experienced radiologists to evalu-
ate the lesion of the appendix.

Imaging evaluation

The criteria for a positive ultrasound result 
were as follows, direct US signs: appendix larg-
er than 6 mm in diameter and larger than 2 mm 
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in wall thickness. Indirect US signs: (1) expan-
sion of appendix lumen, non-uniform internal 
echo, with or without hyperechoic appendico-
lith, (2) hyperecho around appendix, (3) lower 
right abdominal effusion, (4) lymphadenectasis 
in the lower right abdomen, (5) lump in the 
lower right abdomen, (6) ileocecal wall thicken-
ing and edema, (7) bowel dilatation, pneumato-

ses), effusion in appendiceal lumen (32 cases), 
appendicolith (17 cases), periappendicealhy-
perecho (9 cases), hyperecho around ileocecus 
and the base of appendix (1 case), inter-intesti-
nal effusion (16 cases), ileocecus edema (6 
cases), ileocecus expansion (1 case), appendi-
ceal abscess (3 cases), and invisible appendix 
(11 cases) (Figure 1, 2).

Figure 1. Ultrasound image of acute appendicitis (low-frequency probe) en-
larged appendix, thickened appendix wall, rough edge of each layer of the 
appendix, hyperecho around the appendix, and no obvious fluid sonolucent 
area was detected.

Figure 2. Ultrasound image of acute appendicitis (high frequency probe) en-
larged appendix, thickened appendix wall, rough edge of each layer of the 
appendix, hyperecho around the appendix, and no obvious fluid sonolucent 
area was detected.

sis with weakened peristalsis 
in the lower right abdomen.

The criteria for a positive CT 
result were as follows, direct 
CT signs: appendix larger than 
6 mm in diameter with thick-
ened wall. Indirect CT signs: 
(1) effusion in the appendix 
lumen with or without appen-
dicolith, (2) periappendiceal 
effusion or pneumatosis, (3) 
blurred fatty space with exu-
dation around appendix, (4) 
adjacent bowel wall thicken-
ing, bowel dilatation and effu-
sion, (5) lymphadenectasis ar- 
ound the ileocecus, (6) periap-
pendiceal abscess.

Statistical analysis

Analysis was performed with 
SPSS (version 19.0, IBM Com- 
pany, Chicago, IL). Chi-square 
test used for categorical data. 
The sensitivity, specificity, po- 
sitive and negative predictive 
value (PPV, NPV) and accuracy 
of US and CT was calculated. 
Receiver operating character-
istic (ROC) curve was conduct-
ed, and area under ROC cur- 
ve (AUC) was calculated and 
compared to evaluate the di- 
agnostic efficacy of two imag-
ing modalities. A P<0.05 was 
considered significant.

Results

Image features of US com-
pared to CT on acute appen-
dicitis

US image features of AA in- 
cluded enlarged appendix (7- 
18 mm) (61 cases), thickened 
appendix (2.3-10 mm) (47 ca- 
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Figure 3. Cross-section CT image of acute appendicitis enlarged appendix, 
thickened appendix wall, around the see leakage, effusion and blurred fatty 
space around appendix and ileocecus, shown as the high density strip.

Figure 4. Sagittal reconstruction CT image of acute appendicitis thickened 
appendix wall, peripheral effusion, shown as the high density strip.

CT image features of AA in- 
cluded enlarged appendix (44 
cases), thickened appendix 
(15 cases), gas in appendiceal 
lumen (2 cases), appendico-
lith (15 cases), peripheral exu-
dation or blurred fatty space 
(40 cases), adjacent peritone-
al thickening (2 cases), lymph-
adenectasis around ileocecus 
(13 cases), ileocecus edema 
and thickening (3 cases), exu-
dation around ileocecus (2 ca- 
ses), appendiceal perforation 
(1 case), appendiceal absce- 
ss (1 case). Enhanced CT sc- 
an was performed in 4 cases, 
and the images features in- 
cluded mucosal enhancem- 
ent in lleum and appendix (2 
cases), appendix wall rein-
forcement (1 case), appendi-
ceal abscess (1 case) (Figure 
3, 4).

Diagnostic results of US com-
pared to CT

Among 101 pathology-proven 
AA patients (including 4 pa- 
tients diagnosed with appen-
diceal abscess). As shown in 
Table 1, 65 cases were diag-
nosed with AA using US imag-
ing, including 3 cases with ap- 
pendiceal abscess, and other 
11 cases of AA were missed, 
because the appendix was in- 
visible due to the interferen- 
ce of intestinal gas. Addition- 
ally, 43 were diagnosed with 
AA using CT imaging, including 
1 with appendiceal abscess, 
and other 6 cases of AA were 
missed, because the appen-
dix was normal or slightly en- 
larged. Of 7 non AA patients, 1 
case was diagnosed with dis-
tal ileitis under US imaging, 
and other 2 cases of chronic 
appendicitis were missed. 1 
case was diagnosed with ap- 
pendix benign tumor under 
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enhanced CT scan, and other 3 cases of chron-
ic appendicitis were missed.

The sensitivity, specificity, positive and nega-
tive predictive value and accuracy of US com-
pared to CT on the diagnosis of AA was 85.5% 
vs. 87.8%, 66.7% vs. 75.0%, 98.5% vs. 97.7%, 
15.4% vs. 33.3%, and 84.8% vs. 86.8%, 
respectively (Table 2). Then a subgroup of 24 
patients who received both US and CT exami-
nations prior to surgery were enrolled for ROC 
analysis to examine the diagnostic efficacy of 
the two imaging methods. The results showed 
that the area under ROC (AUC) of US was 0.84, 
which was larger than that of CT (0.66), while 
the difference was not significantly statistical 
(Figure 5, Table 3).

For thickened appendix, the display rate of 
ultrasound was 63.5%, which was significantly 
higher than that of CT (31.9%) (P=0.001). For 
enlarged appendix, the display rates of ultra-
sound and CT were 82.4% and 93.6%, respec-
tively, while the difference was not significantly 
statistical (P=0.077), see Table 4.

The detective rates of US compared to CT on 
different pathological types of acute appendi-
citis

Then, we further compared the detective rates 
of US and CT on different pathological types of 
acute appendicitis, including simple appen- 
dicitis, purulent appendicitis and gangrenous 

image is somewhat difficult because of the 
interference of intestinal gas. While the appen-
dix can be easily identified on the CT image with 
mesenteric fat surrounded. In recent years, 
with the development of ultrasonic technology, 
especially the application of digital ultrasound, 
high frequency probe and natural tissue har-
monic imaging technology, the resolution of 
ultrasound images is getting higher and higher. 
It was reported the display rate of the appendix 
on the US can be up to 97.7%, which was simi-
lar with the spiral CT [15, 16].

When acute appendicitis occurs, the appendix 
wall becomes mucosal inflammatory edema 
and thickening, and the enlarged appendix in 
diameter and thickened appendix wall is dis-
played on image examination. In our study, the 
display rate of abnormal appendix in patients 
was high either with ultrasound or with CT, 
especially, for thickened appendix, the display 
rate was significantly higher with ultrasound 
than that with CT (P=0.001). Our results indi-
cated that US presented a high display rate of 
the appendix, which was consistent with previ-
ous report [15, 16]. Additionally, for the first 
time, our study indicated that US showed a bet-
ter performance in the display of thickened 
appendix than CT imaging, which has not been 
reported in the previous study. It may be 
because that US can clearly display the struc-
ture of the appendix wall and the internal echo. 
While, CT cannot clearly display the structure of 

Table 1. Diagnostic results of US compared to CT on 
acute appendicitis (n)

Pathological results
Acute appendicitis Non acute appendicitis

US + 65 1
- 11 2

CT + 43 1
- 6 3

Table 2. Diagnostic efficacy of US compared to CT on 
acute appendicitis (%)

US (95% CI) CT (95% CI)
Sensitivity 85.5 (75.6-92.5) 87.8 (75.2-95.4)
Specificity 66.7 (9.4-99.2) 75.0 (19.4-99.4)
Positive predictive value 98.5 (91.8-100.0) 97.7 (88.0-99.9)
Negative predictive value 15.4 (1.9-45.4) 33.3 (7.5-70.1)
Accuracy 84.8 (75.0-91.9) 86.8 (74.7-94.5)

appendicitis. As shown in Table 5, the 
detective rates of these three types of 
acute appendicitis were 81.8%, 86.0% 
and 90.9%, respectively under US, and 
60.0%, 92.6% and 100% under CT, 
while no significant difference was fo- 
und between the two imaging moda- 
lities.

Discussion

The appendix is a blind-ended tube  
connected to the cecum and located at 
the junction of the small and the large 
intestines. Its shape and size often dif-
fers from person to person, what’s 
more, the tip of the appendix is variably 
located--in the pelvis, outside the peri-
toneum or behind the cecum, even 
though the base of the appendix is at a 
fairly constant location. Usually, the 
identification of the appendix on the US 
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the appendix wall although it can clearly display 
the range of lesions and peripheral tissue.

It was reported that CT scan had a sensitivity  
of 94%, specificity of 95%, while, US had an 
overall sensitivity of 86%, a specificity of 81% in 
the detection of acute appendicitis [17]. What’s 
more, CT scan has been shown to be more 
accurate than ultrasound on the diagnosis of 
acute appendicitis, indicating CT presented 
better performance than the US on the diagno-
sis of acute appendicitis [3, 14, 18]. Additionally, 
the study of Jang KM’s team suggested that US 
can be used as an assisted examination to 
improve the diagnostic accuracy on condition 
that CT cannot make a conclusive decision 
[19]. In the current report, the sensitivity of US 
and CT on the diagnosis of acute appendicitis 
were both at a high level (85.5% and 87.8%), 
and the specificity was 66.7% and 75%, respec-

4 cases were diagnosed with acute appendici-
tis, among whom, 1 case with slightly enlarged 
appendix. In addition, there were 2 cases with 
normal appendix on CT imaging, then had an 
assisted US imaging. The US indicated the diag-
nosis of acute appendicitis with thickened 
appendix wall (3 mm). Then we enrolled the 24 
patients for ROC curve analysis, the results 
showed that the AUC of US was 0.84, which 
was larger than that of CT (0.66), while the dif-
ference was not statistically significant. Here, 
we suggest a combined imaging examination to 
improve the diagnostic accuracy, when a single 
imaging method failed to make a conclusive 
decision, especially on patients who presented 
classical signs.

Acute appendicitis is a pathological process 
characterized by inflammation, and different 
pathological types correspond to the different 
progressive stages, leading to the distinct 
imaging manifestations. Simple appendicitis is 
considered as the initial stage, and the inflam-
mation is limited to the mucosa and submuco-
sa without obvious wall thickening, and with or 
without lumen expansion. At this stage, the 
image features can be atypical, thus leading to 
misdiagnosis. In this study, US and CT imaging 
both missed 4 cases of simple appendicitis, 
indicating CT imaging had no obvious advan-
tage over the US imaging on the diagnosis of 
simple appendicitis, which was inconsistent 
with previous findings, which showed the diag-
nostic value of CT was higher than that of US 
[16]. It may be because that all the missed 
cases on CT imaging were at the early stage of 

Figure 5. ROC curves of ultrasound 
and CT in the diagnosis of acute ap-
pendicitis. The area under ROC of 
ultrasound was 0.84, and the area 
under ROC of CT was 0.66.

Table 3. AUC of US compared to CT on the 
diagnosis of acute appendicitis

AUC 95% CI X2 P
US 0.8409 (0.74130-0.94051) 0.49 0.4829
CT 0.6591 (0.16221-1.00000)

Table 4. Display rate of direct signs of acute 
appendicitis on US compared to CT

Enlarged appendix 
(% (n/n))

Thickened appendix  
(% (n/n))

US 82.4 (61/74) 63.5 (47/74)
CT 93.6 (44/47) 31.9 (15/47)
P value 0.077 0.001

tively. The positive predictive 
value of the two modalities 
were both above 95%, and ac- 
curacy was 84.8% and 86.8%, 
respectively, indicating the si- 
milar diagnostic value of the 
two imaging modalities on ac- 
ute appendicitis.

In our study, a combined ex- 
amination with US and CT was 
conducted in 24 patients. The 
diagnostic accuracy of the 24 
patients was as high as 
95.8%. Among those patients, 
5 cases with invisible appen-
dix on US imaging were further 
examined by CT imaging, and 
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the acute appendicitis, the diameter of the 
appendix was within the normal range (5-6 
mm), what’s more, there was no obvious exuda-
tion around. So it was difficult for CT imaging to 
identify the abnormality. And, for the 4 cases 
missed by US imaging, it is because the imag-
ing failed to identify and display the appendix 
due to the interference of intestinal gas. For 
purulent appendicitis, the inflammation was 
progressed to the whole layer. At this stage, the 
images appear to be typical which present high-
ly hyperemia and edema appendix, and more 
periappendiceal exudates. So, the diagnostic 
accuracy of this type of appendicitis was high 
with either US or CT imaging in our study, which 
was in accordance with previous report [16]. If 
the process was left untreated, appendix would 
continue to swell with increased pressure in the 
lumen, which can cause blood circulation disor-
ders, then develop to gangrenous appendicitis 
eventually. In our study, the detective rate of 
gangrenous appendicitis was high with both 
the US and CT (90.9% and 100% respectively). 
When gangrenous appendicitis continues to 
progress, appendix perforation will eventually 
occurred, which can lead to increased purulent 
effusion around the appendix, the greater 
omentum aggregation, the formation of local-
ized or diffuse peritonitis. In this paper, there 
was 1 case of gangrenous appendicitis with 
perforation identified on CT images. While, the 
appendix of this case was invisible on the US 
images, only the bowel dilatation in the lower 
right abdomen was showed due to the forma-
tion of a diffuse peritonitis and paralytic ileus, 
so the US imaging missed this case of gangre-
nous appendicitis. When the appendix perfora-
tion or purulent inflammation occurs, the mes-
enterium or the greater omentum will be moved 
to the right abdomen to wrap around the appen-
dix, and then lead to the formation of the 
abscess around the appendix. At this stage, 
both US and CT images cannot distinguish the 
structure of the appendix, only showing the 
lumps in the lower right abdomen. The tissues 
surrounding are often not clear with irregular 

Ultrasound has some advantages, including 
low cost, easy to operate, no trauma, no radia-
tion, strong reproducibility, etc., especially for 
children, the elderly, pregnant women and 
other patients with atypical clinical symptoms 
of appendicitis. Local tenderness by US probe 
is also an important sign, which can improve 
the accuracy of diagnosis of acute appendicitis 
[16]. In addition, under the real-time monitoring 
of the US, it is possible for the intervention of 
the appendix abscess, or to be used for preop-
erative localization of the laparoscopic appen-
dectomy. However, ultrasound also has some 
disadvantages, it is difficult to display appendix 
in obese patients, or on the condition of flatu-
lence, retrocecal or extraperitoneal appendici-
tis [20]. In addition, the variable location of 
appendix, improper manipulation, lack of expe-
rience, subjectivity and other factors can affect 
the results of the examination. Whatever, it is 
still feasible to improve the display rate of the 
appendix on the US imaging by focusing the 
scan on the relatively-fixed illiecus and tender-
ness point, then, expand the scan range to the 
right side of the abdomen as a routine. What’s 
more, the combination of high frequency probe 
and low frequency probe, along with the 
pressed scanning method is also an effective 
strategy to improve the display rate.

The advantages of CT include: the image has a 
high resolution and is less affected by the 
intestinal gas. The image is not affected by the 
patient’s pain, and not dependent on the oper-
ator. CT can not only clearly show the lesions of 
the appendix, but also show the depths of the 
abdomen in the vicinity of the abscess and the 
organs surrounding. Enhanced CT scan not only 
helps to identify the enlarged appendix, but 
also can show the enlarged lymph nodes sur-
rounding [21]. The disadvantages of CT are as 
follows: it takes a long time, there is a risk of 
radiation, and the display of appendix depends 
on the surrounding mesenteric fat. For children 
with less fat in the abdominal cavity, thinner 
women and the elderly, it is difficult to display 

Table 5. The detective rates of ultrasound compared to 
CT on different types of acute appendicitis

Imaging
P value

US (% (n/n)) CT (% (n/n))
Simple appendicitis 81.8 (18/22) 60.0 (6/10) 0.378
Purulent appendicitis 86.0 (37/43) 92.6 (25/27) 0.472
Gangrenous appendicitis 90.9 (10/11) 100 (12/12) 0.478

shape, or sometimes fecalith in the 
lumps. In our study, the detective rate 
of the periappendiceal abscess by 
ultrasound and CT were both 100%. As 
a whole, the diagnostic efficacy of two 
imaging methods on different patho-
logical types of acute appendicitis was 
very similar.
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the appendix with a high resolution, which le- 
ads to a difficulty in the judgment of inflamma-
tory changes around the appendix. In this stu- 
dy, there were 6 patients with false negative 
appendicitis, among whom, there were 3 cases 
missed on CT imaging due to the less mesen-
teric fat which influence the display of appendix 
and its surrounding inflammatory changes. 
Although conventional CT is inferior to high fre-
quency US on the display of appendiceal wall, 
enhanced CT scan and reconstruction technol-
ogy can not only display the location and patho-
logical changes of appendix from the different 
angles, but also ruled out other organ diseases, 
such as ileocecal occupation, peritoneal gas 
effusion caused by digestive tract perforation, 
peritoneal exudation caused by inflammation 
around the adjacent organs [22, 23]. Some 
studies suggest that the low-dose CT can 
obtain a high diagnostic efficacy with reduced 
radiation exposure [24].

In summary, ultrasound and CT examination 
both had high value on the diagnosis of acute 
appendicitis. Ultrasound examination is safe, 
economical and convenient, which can be used 
as the first-line imaging choice for patients with 
suspected acute appendicitis, especially for 
children, the elderly, pregnant women and 
patients with thin body. When US examination 
failed to make a confirmed conclusion, CT can 
be used as a supplementary imaging modality 
to improve the diagnostic accuracy in patients 
with highly suspected acute appendicitis.

Disclosure of conflict of interest

None.

Address correspondences to: Jing Wu, Department 
of Ultrasound, Nantong Third People’s Hospital, 
Nantong University, No.60 Youth Middle Road, 
Nantong City, Jiangsu Province, 226006, China. Tel: 
+86-0513-89093918; Fax: +86-0513-85116008; 
E-mail: jingzi-wu@qq.com

References

[1] Blitman NM, Anwar M, Brady KB, Taragin BH 
and Freeman K. Value of focused appendicitis 
ultrasound and Alvarado score in predicting 
appendicitis in children: can we reduce the 
use of CT? AJR Am J Roentgenol 2015; 204: 
707-712.

[2] Humes DJ and Simpson J. Acute appendicitis. 
BMJ 2011; 333: 530-534.

[3] Shogilev DJ, Duus N, Odom SR and Shapiro NI. 
Diagnosing appendicitis: evidence-based re-
view of the diagnostic approach in 2014. West 
J Emerg Med 2014; 15: 859-871.

[4] Mostbeck G, Adam EJ, Nielsen MB, Claudon M, 
Clevert D, Nicolau C, Nyhsen C and Owens CM. 
How to diagnose acute appendicitis: ultra-
sound first. Insights Imaging 2016; 7: 255-
263.

[5] Puylaert JB. Acute appendicitis: US evaluation 
using graded compression. Radiology 1986; 
158: 355-360.

[6] Brenner D, Elliston C, Hall E and Berdon W. Es-
timated risks of radiation-induced fatal cancer 
from pediatric CT. AJR Am J Roentgenol 2001; 
176: 289-296.

[7] Brenner DJ and Hall EJ. Brenner DJ, Hall EJ. 
Computed tomography-an increasing source of 
radiation exposure. N Engl J Med 2007; 357: 
2277-2284.

[8] Hernandez JA, Swischuk LE, Angel CA, Dai C, 
Chandler R and Lee S. Imaging of acute appen-
dicitis: US as the primary imaging modality. 
Pediatr Radiol 2005; 35: 392-395.

[9] Hernanzschulman M. CT and US in the diagno-
sis of appendicitis: an argument for CT. Radiol-
ogy 2010; 255: 3-7.

[10] Rice HE, Arbesman M, Martin DJ, Brown RL, 
Gollin G, Gilbert JC, Caty MG, Glick PL and Aziz-
khan RG. Does early ultrasonography affect 
management of pediatric appendicitis? A pro-
spective analysis. J PediatrSurg 1999; 34: 
754-758.

[11] DoriaA S, Moineddin R, Kellenberger CJ, Epel-
man M, Beyene J, Schuh S, Babyn PS, Dick PT. 
US or CT for diagnosis of appendicitis in chil-
dren and adults? A meta-analysis. Radiology 
2006; 241: 83-94.

[12] Kaiser S, Frenckner B and Jorulf HK. Suspect-
ed appendicitis in children: US and CT--a pro-
spective randomized study. Radiology 2002; 
223: 633-638.

[13] Neff LP, Ladd MR, Becher RD, Jordanhazy RA, 
Gallaher JR and Pranikoff T. Computerized to-
mography utilization in children with appendi-
citis-differences in referring and children’s 
hospitals. Am Surg 2011; 77: 1061-1065.

[14] van Randen A, Bipat S, Zwinderman AH, Ub-
bink DT and Stoker J. Acute appendicitis: meta-
analysis of diagnostic performance of CT and 
graded compression US related to prevalence 
of disease. Radiology 2008; 249: 97-106.

[15] Wen G, Zhao J and Liu X. Ultrasonography of 
adult normal appendix and its clinical signifi-
cance. Chinese Journal of Ultrasound in Medi-
cine 2008; 24: 536-539.

[16] Yang B, Wang S, Shi PL. Comparison between 
CT and ultrasound in diagnosis of pathological 
classification of appendicitis. Journal of South-

mailto:jingzi-wu@qq.com


Diagnostic value of ultrasound and CT in acute appendicitis

14385 Int J Clin Exp Med 2017;10(10):14377-14385

east University (Medical Science Edition) 
2015; 34: 269-272.

[17] Terasawa T, Blackmore CC, Bent S and Kohl-
wes RJ. Systematic review: computed tomogra-
phy and ultrasonography to detect acute ap-
pendicitis in adults and adolescents. Ann 
Intern Med 2004; 141: 537-546.

[18] Adibe OO, Amin SR, Hansen EN, Chong AJ, 
Perger L, Keijzer R, Muensterer OJ, Georgeson 
KE and Harmon CM. An evidence-based clini-
cal protocol for diagnosis of acute appendicitis 
decreased the use of computed tomography in 
children. J Pediatr Surg 2011; 46: 192-196.

[19] Jang KM, Lee K, Kim MJ, Yoon HS, Jeon EY, 
Koh SH, Min K and Choi D. What is the comple-
mentary role of ultrasound evaluation in the 
diagnosis of acute appendicitis after CT? Eur J 
Radiol 2010; 74: 71-76.

[20] Choudhri AF, Carr TM, Ho CP, Stone JR, Gay SB 
and Lambert DL. Handheld device review of 
abdominal CT for the evaluation of acute ap-
pendicitis. J Digit Imaging 2012; 25: 492-496.

[21] Liu W, Qiang JW, Liao ZH and Sun RX. Diagno-
sis of acute appendicitis by contrast enhanced 
multi-slice CT with multiplanar reformation. 
Chinese Computed Medical Imaging 2012; 18: 
337-341.

[22] Kim SH, Yoon JH, Lee JH, Lim YJ, Kim OH, Ryu 
JH and Son JH. Low-dose CT for patients with 
clinically suspected acute appendicitis: opti-
mal strength of sinogram affirmed iterative re-
construction for image quality and diagnostic 
performance. Acta Radiol 2014; 56: 899-907.

[23] Sun ZP, Liu ZY and Zhu YL. Application of MSCT 
reconstruction technique in diagnosis and dif-
ferential diagnosis of acute appendicitis. Medi-
cal Innovation of China 2014; 11: 87-90.

[24] Karabulut N, Kiroglu Y, Herek D, Kocak TB and 
Erdur B. Feasibility of low-dose unenhanced 
multi-detector CT in patients with suspected 
acute appendicitis: comparison with sonogra-
phy. Clin Imaging 2014; 38: 296-301. 


