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Performance of imaging studies in patients
with suspected appendicitis after
stratification with adult appendicitis score
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Abstract

Background: Diagnostic scoring is used to stratify patients with suspected appendicitis into three groups: high,
intermediate, and low probability of appendicitis. The stratification can be used for selective imaging to avoid the
harms of radiation without compromising diagnostic accuracy.
The aim was to study how stratification by Adult Appendicitis Score affects diagnostic performance of imaging
studies.

Methods: Analysis of 822 patients who underwent diagnostic imaging for suspected appendicitis was made. Adult
Appendicitis Score was used to stratify patients into groups of high, intermediate, and low probability of
appendicitis. Diagnostic performance of computed tomography (CT) and ultrasound (US) was compared between
these patient groups.

Results: After scoring, pre-test probability of appendicitis ranged from 9-16% in low probability group to 75-79% in
high probability group in patients who underwent US or CT. Post-test probability of appendicitis after positive CT
was 99, 91, and 75% in high probability, intermediate probability and low probability groups, respectively, p < 0.001.
After positive US the respective probabilities were 95, 91 and 42%, p < 0.001.

Conclusion: Diagnostic imaging has limited value in patients with low probability of appendicitis according to
Adult Appendicitis Score.

Keywords: Appendicitis, Imaging, diagnostic, Abdomen, acute, Adult, Ultrasonography, diagnostic, Multidetector
computed tomography

Background
CT and US are practical tools in diagnosis of acute ap-
pendicitis [1–3]. Lack of guidelines regarding the diag-
nostic use of imaging may, however, lead to either
under- or overuse of these imaging modalities. In
many institutions, imaging is mandatory in suspected
acute appendicitis [4–6]. Routine CT on all patients
with suspected appendicitis induces risks of ionizing
radiation and contrast medium as well as increased
delay to correct diagnosis and treatment [7–11]. US
involves no ionizing radiation, but there is great variance
in reported diagnostic performance. The reported

sensitivity ranged from 44 to 100% and specificity from
47-99% in a meta-analysis [12]. The aim of avoiding excess
radiation has, with good outcomes, led to US utilization as
a screening method with additional CT in case of negative
or inconclusive finding [1, 4, 6].
In a meta-analysis by van Randen et al. the prevalence

of appendicitis was reported to influence the sensitivity
and specificity of imaging and benefit less in patient
groups with the highest and lowest probabilities of ap-
pendicitis [13]. Nevertheless, mandatory imaging for all
patients with right lower quadrant abdominal pain is
common.
Diagnostic scoring is a simple, free and fast method

for stratifying patients according to risk of appendicitis
[14, 15]. Diagnostic scoring is recommended in EAES
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2015 consensus guidelines and WSES 2016 guidelines as
a part of diagnostic algorithm for suspected appendicitis
[16, 17]. Because of somewhat insufficient discriminating
capacities of existing scoring systems, we constructed a
novel scoring system, Adult Appendicitis Score (AAS) [18].
The score stratifies patients with suspected appendicitis in
three groups according to probability of appendicitis: high,
intermediate, and low probability. Instead of replacing
imaging, AAS helps to accurately select patients with
most uncertain diagnosis to imaging. (Table 1, Fig. 1,
www.appendicitisscore.com) Adult Appendicitis Score
has been validated and it is now in our hospital part of
routine diagnostic work-up of patients suspected of
acute appendicitis. In the validation study specificity
and sensitivity of high-probability group of the new score
were 93.3 and 49.4%, respectively. The negative predictive
value of AAS (likelihood of no appendicitis in the low-risk
group) was 93% [19].
Diagnostic performance of imaging has not been com-

pared between patient groups of different probability of
appendicitis stratified by diagnostic score. Because of po-
tentially high frequency of false positive imaging results,
mandatory imaging can induce negative appendectomies
in patients with low probability of appendicitis.
This study aimed at evaluating the diagnostic perform-

ance of CT and US in patients with different pre-imaging

probabilities of appendicitis stratified by Adult Appendicitis
Score.

Methods
Patients
We performed an analysis of prospectively collected data
of adult (≥16 years) patients at the emergency department.
The data were collected in two periods (2011 and 2014–
2015). All patients with acute right lower abdominal
quadrant pain and/or suspected acute appendicitis were
included in the original data collection. For the current
study all patients that underwent diagnostic imaging for
suspected appendicitis were included. The first data col-
lection was originally for the construction, and the second
for the validation of the new diagnostic score. Patients and
methods for the first data collection are described in more
detailed fashion in the original article of the construction
of the score [18]. During the first data collection there
were no guidelines of diagnostic work-up of patients with
suspected acute appendicitis. Imaging was at all times
available and performed at each surgeon’s discretion.
In the beginning of the second study period, the AAS

was introduced into emergency room routine to guide the
diagnostic work-up of patients suspected of acute appendi-
citis. With the help of AAS patients were stratified in three
groups of different probabilities for appendicitis - high,
intermediate and low probability. A recommendation
according to scoring was provided as follows: High-
probability patients could be operated on without further
examinations whereas low-probability patients could be
discharged. Patients in the intermediate-probability group
should undergo diagnostic imaging. This way diagnostic
scoring, instead of replacing imaging, helps to accurately
select patients with most uncertain diagnosis to imaging
[18]. Scoring was performed with a web application that
calculated the score and suggested further action based on
the scoring result. (Figure 1) Scoring was mandatory, but
adherence to the associated guidelines was not controlled.
Each surgeon responsible for the patient was able to per-
form diagnostic imaging regardless of the scoring result.
Both data collections were performed at the emergency

department by the surgeons on duty. Additional data was
retrieved from patient databases. The collected data in-
cluded all variables required for scoring, patient demo-
graphics, results of possible diagnostic imaging, surgery,
histological analysis of appendix, final diagnosis, timing of
surgery, delay to diagnosis and surgery, and possible com-
plications. The patients’ medical records were reviewed
after a minimum of one month after hospital discharge for
possible misdiagnosis and complications.
At surgeries for suspected appendicitis, the appendix was

at all times removed, and the final diagnosis of appendicitis
was invariably based on histological analysis showing trans-
mural neutrophilic inflammation of appendix.

Table 1 Adult Appendicitis Score

Symptoms and findings Score

Pain in RLQ 2

Pain relocation 2

RLQ tenderness Women, age 16-49 1

All other patients 3

Guarding mild 2

moderate or severe 4

Laboratory tests

Blood leukocyte count (x109) > = 7.2 and <10.9 1

> = 10.9 and <14.0 2

> = 14.0 3

Proportion of neutrophils (%) > = 62 and < 75 2

> = 75 and < 83 3

> = 83 4

CRP (mg/l), symptoms < 24 h > = 4 and <11 2

> = 11and <25 3

> = 25 and <83 5

> = 83 1

CRP (mg/l), symptoms > 24 h > = 12 and <53 2

> = 53 and <152 2

> = 152 1

RLQ, right lower abdominal quadrant
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Imaging procedures
In patients of age 35 or less and all pregnant patients,
US was recommended as a primary imaging modality,
CT (or MRI in pregnant patients) was recommended in
case of negative or inconclusive US.
US examinations were performed by radiology resi-

dents with minimum experience of 2 years or attending
radiologists with a possibility to consult a more experi-
enced colleague. A general survey of the abdomen and
pelvis was done using the graded compression technique
with convex 3.5 – 5 MHz probe and linear 6–12 MHz
probe (GE Logic 9E, GE Healthcare, Wisconsin, USA).
Inconclusive US reports were classified as negative for
appendicitis in this study.
CT scans were performed by using 128 multi-detector

row scanner with automatic tube current and tube voltage
modulation (Somatom Definition AS+, Siemens Medical
Systems, Erlangen, Germany). Patients underwent an
abdominopelvic CT protocol with intravenous contrast-
enhancement (iohexol, Omnipaque 350 mgI/ml, GE
Healthcare, Oslo, Norway, bolus 1,5 ml/kg body weight
at 3 ml/s flow rate) in portal venous phase. Patients
with known renal failure or hypersensitivity to contrast
media underwent unenhanced CT. CT parameters were
as follows: reference mAs 110, reference kV 120, colli-
mation 128 x 0,6 mm, rotation time 0,5 s. Data was re-
constructed at 3 mm axial, coronal and sagittal slices
and analysed using PACS workstations by a staff radi-
ologist during working hours and by a radiologic resi-
dent after hours. These original reports contributing to
surgeons’ decision-making were used in study analysis.

Effective dose of low dose CT was 3.2 mSv in women
and 2.6 mSv in men.
Non-compressible appendix larger than 6 mm in

diameter with or without appendicolith together with local
transducer tenderness, and peri-appendiceal fat infiltration
were criterion for acute appendicitis in ultrasound.
On CT, increased appendiceal diameter (greater than

6 mm), with or without appendicolith together with appen-
diceal wall thickening, increased wall enhancement, and
peri-appendiceal fat infiltration were criteria for acute
appendicitis.

Statistical analysis
Statistical analysis was performed using SPSS® version 22
(IBM, Armonk, New York, USA). AAS was calculated
for all patients. The pre-test probability (probability of
appendicitis in patients undergoing imaging) and post-test
probabilities (probability of appendicitis in patients with
positive or negative imaging result) of acute appendicitis
as well as accuracy, specificity, sensitivity, likelihood ratios,
and diagnostic odds ratio for US and CT were calculated.
Diagnostic performance of MRI was left outside further
analysis because of small amount of patients.
These results were compared between patient groups

of different prevalence of acute appendicitis stratified
by AAS.

Results
All patients
Diagnostic imaging was performed on 822 (53%) of 1545
patients with suspected acute appendicitis. 892 (58%) of

Fig. 1 Diagnostic work-up of suspected acute appendicitis with Adult Appendicitis Score (AAS). MRI was performed instead of CT in
pregnant patients
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1545 patients with suspected appendicitis had appendec-
tomy, out of which 121 (13.6%) were not inflamed. Of
all patients that underwent diagnostic imaging, 368
(45%) had appendicitis. CT was performed to 489 (32%),
US to 497 (32%), and magnetic resonance imaging (MRI)
to 14 (1%) patients. (Table 2).
Pre-test probability of appendicitis in all patients that

underwent CT was 257 of 489 (52.6%). The overall sensi-
tivity and specificity of CT were 98.4 and 92.2%, respect-
ively. The observed post-test probability for positive CT
was 253 of 260 (97.3%) and for negative CT 4 of 229
(1.75%). The accuracy of CT (the proportion of correct
(true positive or true negative) imaging results) 478 of 489
(97.8%).
Pre-test probability of appendicitis in all patients that

underwent US was 177 of 497 (36.6%). The overall sen-
sitivity and specificity of US were 48.6 and 94.4%, re-
spectively. The post-test probability for positive US was
86 of 104 (82.7%), and for negative US 91 of 393
(23.2%). The overall accuracy of US was 388 of 497 (78.1%).
(Tables 2-4).

High probability group (AAS ≥16)
In the group of high probability of acute appendicitis
there were 439 patients of whom 386 (88%) had appen-
dicitis. CT was performed to 114 (26%) patients. In pa-
tients that underwent CT pre-test probability of acute
appendicitis was 90 of 114 (78.9%). The post-test prob-
ability for appendicitis was for a positive test 90 of 91
(98.9%) and for a negative test 0 of 23 (0%). The accur-
acy of CT was in this group 113 of 114 (99.1%). (Table 3,
Table 4, Fig. 2).
US was performed to 52 (12%) patients. Pre-test prob-

ability of appendicitis in patients that underwent US was
41 of 52 (75.0%). The post-test probability for appendicitis
was for a positive US 19 of 20 (95%) and for a negative 22
of 32 (68.8%). The accuracy of US was in this group 29 of
52 (55.8%) (Tables 2-4, Fig. 2).

Intermediate probability group (AAS 11–15)
In the group of intermediate probability of acute appen-
dicitis there were 596 patients of whom 304 (51%) had
appendicitis. CT was performed to 276 (46%) patients.
Pre-test probability of appendicitis in patients that

underwent CT was 138 of 276 (50%). The post-test
probability for appendicitis was for a positive test 135
of 148 (91.2%) and for a negative 3 of 128 (2.3%). The
accuracy of CT was in this group 260 of 276 (94.2%).
(Tables 2-4, Fig. 2).
US was performed to 258 (43%) patients in the inter-

mediate probability group. Pre-test probability of appen-
dicitis in patients that underwent US was 122 of 258
(47.3%). The post-test probability for appendicitis was
for a positive US 59 of 65 (90.8%) and for a negative 69
of 193 (32.6%). The accuracy of US was in this group
189 of 258 (73.3%). (Tables 2-4, Fig. 2).

Low probability group (AAS ≤10)
In the group of low probability for appendicitis there
were 510 patients of whom 34 (7%) had appendicitis. CT
was performed to 99 (19%) patients. Pre-test probability
of appendicitis in patients that underwent CT was 16 of
99 (16.2%). The post-test probability for appendicitis was
for a positive CT 15 of 20 (75.0%) and for a negative 1
of 79 (1.3%). The accuracy of CT was in this group 93 of
99 (93.9%). (Tables 2-4, Fig. 2).
US was performed to 187 (37%) patients in the low

probability group. Pre-test probability of appendicitis in
patients that underwent US was 17 of 187 (9.1%). The
post-test probability for appendicitis was for a positive
US 8 of 19 (42.1%) and for a negative 9 of 168 (5.4%). The
accuracy of US was in this group 167 of 187 (89.3%).
(Tables 2-4, Fig. 2).

Diagnostic performance of imaging related to prevalence
of appendicitis
There was statistically significant difference between the
different score groups in observed post-test probability
after positive imaging result (the proportion of true posi-
tive compared to false positive imaging results). (Figure 2)
In the low-probability patients, there were 15 true positive
and 5 false positive CT examinations (post-test probability
after positive test 75%). In the intermediate-probability pa-
tients the post-test probability was 135 of 148 (91%), and
in the high-probability group 90 of 91 (99%) (p < 0.001,
chi-square test). (Tables 3 and 4, Fig. 2).
In the low probability group, there were 8 true positive

and 11 false positive US examinations and post-test

Table 2 Prevalence of appendicitis in patients that underwent either no diagnostic imaging, US, CT or MRI

Probability of appendicitis All patientsa No imaginga CTa USa MRIa

All patients 724/1545 (46.9%) 356/723 (49.2%) 257/489 (52.6%) 177/497 (35.6%) 5/14 (35.7%)

High (AAS ≥16) 386/439 (87.9%) 261/282 (92.6%) 90/114 (78.9%) 41/52 (78.8%) 1/2 (50%)

Intermediate (AAS 11–15) 304/596 (51.0%) 89/172 (51.7%) 138/276 (50.0%) 122/258 (47.3%) 2/8 (25%)

Low (AAS ≤10) 34/510 (6.7%) 6/269 (2.2%) 16/99 (16.2%) 17/187 (9.1%) 2/4 (50%)
aNumbers show patients with appendicitis/total amount of patients in each group (%)
AAS, Adult Appendicitis Score
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probability of appendicitis after positive US was 42%. In
the intermediate and high probability patients the post-
test probability was 59 of 65 (90.8%) and 19 of 20 (95%),
respectively (p < 0.001, chi-square test).

Other diagnostic findings
In high probability group 18 (16%) patients had other
specific diseases and 6 (5%) did not have diagnostic find-
ings on CT scan. In the intermediate probability group
and low probability group the rate of other diagnosis on
CT were 33 and 35%, respectively. On the contrary US
found other diagnosis only in 4 (7%) patients and 26
(50%) did not have diagnostic findings on US in high
probability group. Other specific diagnoses were found
with US in 19 (7%) and 18 (10%) patients in intermedi-
ate and low probability groups, respectively.

Prevalence of appendicitis in patients managed without
imaging
Seven hundred twenty-three (47%) patients included into
prospective data collection did not undergo diagnostic im-
aging. Among these patients, in high probability group

261 (92.6%) out of 282 patients, in intermediate probabil-
ity group 89 (51.7%) out of 172 patients, and in low prob-
ability group 6 (2.2%) out of 269 patients had appendicitis.

Discussion
This study shows that, based on the clinical score, in pa-
tients with most improbable appendicitis (AAS ≤10),
screening with US adds little benefit and can even be
harmful because of considerable amount of false positive
imaging results. There were more false than true positive
results in US in this group, leading to a negative append-
ectomy rate of 58% after US in this group. When the
low-probability patients underwent CT, 25% of positive
results were false. In every 20 CT examinations in the
low-probability group there were 3 true and 1 false posi-
tive results, leading to negative appendectomy rate of
25%. Hence only 15% of patients in low probability
group had benefit from CT, whereas 85% were exposed
to ionizing radiation without significant benefit in diag-
nosis. In the low probability group, there were no pa-
tients with perforated appendix and peritonitis. To avoid
false positive imaging results and high rate of negative

Table 3 Diagnostic performance of US and CT

Probability of appendicitis according to AAS Sensitivity Specificity LR+ LR- DOR

US

All patients 48.6% 94.4% 8.646 0.545 15.86

High (AAS ≥16) 46.3% 90.9% 5.098 0.590 8.636

Intermediate (AAS 11–15) 48.4% 95.6% 10.971 0.540 20.291

Low (AAS ≤10) 47.1% 93.5% 7.274 0.566 12.848

CT

All patients 98.4% 92.2% 12.615 0.017 742.06

High (AAS ≥16) 100.0% 95.8% 23.98 0 Infinite

Intermediate (AAS 11–15) 97.8% 90.6% 10.385 0.024 432.69

Low (AAS ≤10) 93.8% 94.0% 15.573 0.067 234.00

AAS, Adult Appendicitis Score, LR+, positive likelihood ratio, LR, negative likelihood ratio, DOR diagnostic odds ratio

Table 4 Pre- and post-test probabilities of appendicitis, patients who underwent US or CT

Probability of AA according to AAS Pre-test probability of AA Post-test probability of AA, positive test Post-test probability of AA, negative test

US

All patients, n = 497 177/497 (37%) 86/104 (83%) 91/393 (23%)

High, n = 52 41/52 (75%) 19/20 (95%) 22/32 (69%)

Intermediate, n = 258 122/258 (47%) 59/65 (91%) 63/193 (33%)

Low, n = 187 17/187 (9%) 8/19 (42%) 9/168 (5.4%)

CT

All patients, n = 489 257/489 (53%) 253/260 (97%) 4/229 (1.8%)

High, n = 114 90/114 (79%) 90/91 (99%) 0/23 (0%)

Intermediate, n = 276 138/276 (50%) 135/148 (91%) 3/128 (2.3%)

Low, n = 99 16/99 (16%) 15/20 (75%) 1/79 (1.3%)

AA, Acute appendicitis, AAS, Adult Appendicitis Score
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appendectomies, we suggest that patients with low AAS
and equivocal diagnosis would undergo clinical observa-
tion instead of immediate imaging. In this group patients
have vague symptoms and part of the patients probably
have appendicitis that would resolve spontaneously dur-
ing the follow-up [20, 21].
CT, with excellent diagnostic performance, is the best

method for excluding appendicitis in the high probability
patients when there is disagreement between scoring
and the clinical evaluation. In the high probability group,
scoring alone had in our study of the validation of AAS
specificity of 93.3%, and hence we do not recommend
routine imaging in this group. Also, in high probability
group, patients who did not have diagnostic imaging the
probability of appendicitis was 93%, which was higher
than post-test probability of appendicitis after positive
CT scan in intermediate probability group. However, in
these patients, diagnostic performance of US is good
and of CT excellent and imaging should be performed
without hesitation when there is clinical suspicion of
other diagnosis than appendicitis. In young patients, to
avoid radiation, US should be the primary imaging mo-
dality. However, US has limited value in finding other
diagnosis, and thus CT is usually needed when US is
negative or inconclusive.
In meta-analysis by Parker et al. of cost and radiation

savings of partial substitution of US for CT, the sensitiv-
ity and specificity of CT were 93.4 and 95.3% respect-
ively [2]. In the meta-analysis by van Randen et al. the
prevalence of appendicitis was related to post-test prob-
ability in three different populations. The analysis showed
that the added value of imaging in suspected appendicitis
depends on the pre-test probability of appendicitis. The
respective mean sensitivity and specificity of CT were
91 and 91% [13]. In our study, the sensitivity of CT was
in all patients 98.4% and specificity 97.0%. Alike in the

meta-analysis by van Randen, the post-test probability
after positive CT was related to the prevalence of appendi-
citis and differed significantly in different risk groups.
In the meta-analysis by Parker et al. the sensitivity of

US was 87.5% and specificity 92.7%. In the meta-analysis
by van Randen et al. mean sensitivity and specificity of
US were 78 and 83% respectively. In our study the sensi-
tivity of US in all patients was 48.6% and specificity 94.4%.
In both the meta-analysis by van Randen et al. and the
current study the post-test probability of appendicitis
after positive US decreased dramatically along decreasing
prevalence of appendicitis.
Spontaneously resolving appendicitis is a phenomenon

that has been described in surgical and radiological lit-
erature [20, 22–24]. Despite the increased diagnostic
accuracy of appendicitis, we are currently not able to
recognize patients with resolving appendicitis in the
early phase of disease. The patients with spontaneous
resolution of appendicitis probably have milder, non-
specific symptoms. This is supported by the studies by
Decadt et al. and Morino et al. in which patients with
non-specific abdominal pain were randomized to either
early laparoscopy or close observation. In both studies
in the laparoscopy groups, there were significantly more
patients with acute appendicitis than in the observation
groups [25, 26]. In suspected appendicitis, if imaging is
mandatory, prevalence of uncomplicated appendicitis
increases because patients with possible spontaneous
resolution of appendicitis undergo surgery [27, 28]. Hence,
diagnostic guidelines with conditional imaging aid to pre-
vent surgery for patients with resolving appendicitis.
We have implemented the AAS scoring system to

guide the diagnostic work-up of patients with suspected
acute appendicitis. The aim of scoring is not to replace
imaging. In contrary, scoring helps to avoid under- and
overuse of imaging studies by targeting these investigations

Fig. 2 Pre-test and post-test probability of appendicitis after positive and negative imaging results. Accuracy of imaging was dependent on the
pre-test probability of appendicitis. Negative CT was accurate in all patient groups
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to patients with most equivocal diagnosis. All patients with
suspected appendicitis were included in the study. Some
patients, however, should be excluded from the routine
diagnostic work-up. Pregnant patients should invariably
undergo imaging in case of suspected appendicitis because
of increased negative appendectomy rate and high risk of
fetal loss after surgery [29, 30]. CT should in pregnant pa-
tients be replaced with MRI to avoid ionizing radiation
[31]. Patients with clinical suspicion of appendiceal abscess
should undergo CT examination. In these patients, CT, in
addition to being the most accurate imaging method, also
benefits in planning the treatment. In immunosuppressed
patients, threshold of imaging should be low. Immunosup-
pression alters laboratory results and can mask the typical
clinical signs and symptoms of appendicitis.
In this study, US was performed and CT reported by

radiology residents and attending radiologists with vary-
ing experience. Hence this study describes well the real-
life situation in the emergency setting. The preliminary
reports by on-call residents are in our hospital re-
evaluated next morning by a staff radiologist. However,
the re-evaluation is rarely performed before the decision
of treatment is made.
In the Netherlands, the national guidelines recommend

mandatory imaging in suspected acute appendicitis. The
primary imaging modality is US followed by CT in case of
inconclusive US. With this protocol, excellent results have
been published [5, 6]. In a study by Atema et al., immedi-
ate CT was compared to conditional CT after negative or
non-diagnostic US [4]. The amount of CT examinations
was halved with the conditional strategy, but resulted in
more false positive imaging results. In our study, false
positive imaging results lead to high rate of negative ap-
pendectomy in the low probability patients. We suggest
that scoring would be implemented in the diagnostic
work-up to exclude from the mandatory imaging protocol
the low-probability patients with frequent false positive
findings in imaging.
There was no cost-benefit analysis involved in this study.

However, previous research suggests that mandatory im-
aging is cost-beneficial, and that conditional CT has cost
benefits when CT is partially replaced with US [2, 5]. In
the light of present study, excluding the patients with least
probable appendicitis from mandatory imaging can further
increase these benefits.

Limitations
Adult Appendicitis Score is novel, and no large external
validation studies have been published yet. More studies
would strengthen the validation of the score. Another
potential limitation of this study is that only part of
patients suspected of appendicitis was imaged. Because
patients underwent imaging at surgeons’ discretion, poten-
tial verification bias exists.

Conclusions
In conclusion, this study shows that diagnostic perform-
ance of CT and US depends on pre-test probability of
appendicitis. Adult Appendicitis Score (online calculator
available on www. appendicitisscore.com) can be used in
patients with suspected appendicitis to guide selective
use of imaging studies. Patients with low probability of
appendicitis according to scoring have limited value from
diagnostic imaging.

Abbreviations
AA: Acute appendicitis; AAS: Adult Appendicitis Score; CT: Computed
tomography; DOR: diagnostic odds ratio; LR: negative likelihood ratio;
LR+: positive likelihood ratio; MRI: Magnetic resonance imaging;
US: Ultrasound

Acknowledgements
Not applicable.

Funding
The study was financially supported by the Martti I. Turunen’s foundation
(personal research grant for the corresponding author).

Author contributions
HS, PM, and AL designed the study. HS collected, analyzed, and interpreted
the data together with PM. HS wrote the manuscript except for the part
describing radiological methods which was written by EL. All four authors
revised the manuscript. All authors read and approved the final manuscript.

Competing interest
The authors declare that there are no competing interests.

Ethics approval and consent to participate
Institutional review board and ethics committee of Helsinki and Uusimaa
Hospital District approved the study.
No written consent from study patients was required, because the study had
no direct impact on patients’ investigations or treatment.
The datasets generated and/or analyzed during the current study are not
publicly available but can be made available from the corresponding author
on reasonable request.

Author details
1Department of Gastrointestinal Surgery, Helsinki University Central Hospital,
Helsinki, Finland. 2University of Helsinki, Medical Faculty, Helsinki, Finland.
3Department of Radiology, Helsinki University Central Hospital, Helsinki,
Finland.

Received: 8 December 2016 Accepted: 25 January 2017

References
1. Boonstra PA, van Veen RN, Stockmann HB. Less negative appendectomies

due to imaging in patients with suspected appendicitis. Surg Endosc.
2015;29:2365–70.

2. Parker L, Nazarian LN, Gingold EL, Palit CD, Hoey CL, Frangos AJ. Cost and
radiation savings of partial substitution of ultrasound for CT in appendicitis
evaluation: a national projection. AJR Am J Roentgenol. 2014;202:124–35.

3. Kim K, Kim YH, Kim SY, et al. Low-dose abdominal CT for evaluating
suspected appendicitis. N Engl J Med. 2012;366:1596–605.

4. Atema JJ, Gans SL, Van Randen A, et al. Comparison of imaging strategies
with conditional versus immediate contrast-enhanced computed
tomography in patients with clinical suspicion of acute appendicitis. Eur
Radiol. 2015;25:2445–52.

5. Lahaye MJ, Lambergts DM, Mutsaers E, et al. Mandatory imaging cuts costs
and reduces the rate of unnecessary surgeries in the diagnostic work-up of
patients suspected of having appendicitis. Eur Radiol. 2015;25:1464.1470.

6. van Rossem CC, Bolmers MD, Schreinemacher MH, van Geloven AA,
Bemelman WA, Snapshot Appendicitis Collaborative Study G. Prospective

Sammalkorpi et al. World Journal of Emergency Surgery  (2017) 12:6 Page 7 of 8



nationwide outcome audit of surgery for suspected acute appendicitis. Br J
Surg. 2016;103:144–51.

7. Rogers W, Hoffman J, Noori N. Harms of CT scanning prior to surgery for
suspected appendicitis. Evid Based Med. 2015;20:3–4.

8. Lee SL, Walsh AJ, Ho HS. Computed tomography and ultrasonography do
not improve and may delay the diagnosis and treatment of acute
appendicitis. Arch Surg. 2001;136:556–62.

9. Sammalkorpi HE, Leppäniemi A, Mentula P. High admission C-reactive protein
level and longer in-hospital delay to surgery are associated with increased risk
of complicated appendicitis. Langenbecks Arch Surg Vol. 2015;400:221–8.

10. Lehtimaki T, Juvonen P, Valtonen H, Miettinen P, Paajanen H, Vanninen R.
Impact of routine contrast-enhanced CT on costs and use of hospital
resources in patients with acute abdomen. Results of a randomised clinical
trial. Eur Radiol. 2013;23:2538–45.

11. Pritchett CV, Levinsky NC, Ha YP, Dembe AE, Steinberg SM. Management of
acute appendicitis: the impact of CT scanning on the bottom line. J Am
Coll Surg. 2010;210(699–705):705–697.

12. Pinto F, Pinto A, Russo A, et al. Accuracy of ultrasonography in the
diagnosis of acute appendicitis in adult patients: review of the literature. Crit
Ultrasound J. 2013;5 Suppl 1:S2.

13. van Randen A, Bipat S, Zwinderman AH, Ubbink DT, Stoker J, Boermeester MA.
Acute appendicitis: meta-analysis of diagnostic performance of CT and graded
compression US related to prevalence of disease. Radiology. 2008;249:97–106.

14. Andersson M, Andersson RE. The appendicitis inflammatory response score:
a tool for the diagnosis of acute appendicitis that outperforms the alvarado
score. World J Surg. 2008;32:1843–9.

15. Kollar D, McCartan DP, Bourke M, Cross KS, Dowdall J. Predicting acute
appendicitis? a comparison of the alvarado score, the appendicitis inflammatory
response score and clinical assessment. World J Surg. 2015;39:104–9.

16. Gorter RR, Eker HH, Gorter-Stam MA, et al. Diagnosis and management of
acute appendicitis. EAES consensus development conference 2015. Surg
Endosc. 2016. doi:10.1007/s00464-016-5245-7.

17. Di Saverio S, Birindelli A, Kelly MD, et al. WSES jerusalem guidelines for
diagnosis and treatment of acute appendicitis. World J Emerg Surg. 2016;11:34.

18. Sammalkorpi H, Mentula P, Leppäniemi A, Sammalkorpi H, Mentula P,
Leppäniemi A. A new adult appendicitis score improves diagnostic accuracy
of acute appendicitis–a prospective study. BMC Gastroenterol. 2014;14:114.

19. Sammalkorpi H, Mentula P, Savolainen H, Leppäniemi A. The introduction of
Adult Appendicitis Score reduced negative appendectomy rate.
Scandinavian Journal of Surgery. 2016 in press

20. Andersson RE. The natural history and traditional management of
appendicitis revisited: spontaneous resolution and predominance of
prehospital perforations imply that a correct diagnosis is more important
than an early diagnosis. World J Surg. 2007;31:86–92.

21. Di Saverio S, Birindelli A, Piccinini A, Catena F, Biscardi A, Tugnoli G. How
reliable is alvarado score and its subgroups in ruling Out acute appendicitis
and suggesting the opportunity of nonoperative management or surgery?
Ann Surg. 2016. doi:10.1097/sla.0000000000001548.

22. Ciani S, Chuaqui B. Histological features of resolving acute, non-complicated
phlegmonous appendicitis. Pathol Res Pract. 2000;196:89–93.

23. Cobben LP, de Van Otterloo AM, Puylaert JB. Spontaneously resolving appendicitis:
frequency and natural history in 60 patients. Radiology. 2000;215:349–52.

24. Barber MD, McLaren J, Rainey JB. Recurrent appendicitis. Br J Surg. 1997;84:110–2.
25. Decadt B, Sussman L, Lewis MP, et al. Randomized clinical trial of early

laparoscopy in the management of acute non-specific abdominal pain. Br J
Surg. 1999;86:1383–6.

26. Morino M, Pellegrino L, Castagna E, Farinella E, Mao P. Acute nonspecific
abdominal pain: a randomized, controlled trial comparing early laparoscopy
versus clinical observation. Ann Surg. 2006;244:881–6. discussion 886–888.

27. Andersson RE. Resolving appendicitis is common: further evidence. Ann
Surg. 2008;247:553. author reply 553.

28. Rao PM, Rhea JT, Rattner DW, Venus LGAS, Novelline RA. Introduction of
appendiceal CT: impact on negative appendectomy and appendiceal
perforation rates. Ann Surg. 1999;229:344–9.

29. Ito K, Ito H, Whang EE, Tavakkolizadeh A. Appendectomy in pregnancy:
evaluation of the risks of a negative appendectomy. Am J Surg. 2012;203:145–50.

30. McGory ML, Zingmond DS, Tillou A, Hiatt JR, Ko CY, Cryer HM. Negative
appendectomy in pregnant women is associated with a substantial risk of
fetal loss. J Am Coll Surg. 2007;205:534–40.

31. Konrad J, Grand D, Lourenco A. MRI: first-line imaging modality for pregnant
patients with suspected appendicitis. Abdom Imaging. 2015;40:3359–64.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sammalkorpi et al. World Journal of Emergency Surgery  (2017) 12:6 Page 8 of 8

http://dx.doi.org/10.1007/s00464-016-5245-7
http://dx.doi.org/10.1097/sla.0000000000001548

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Imaging procedures
	Statistical analysis

	Results
	All patients
	High probability group (AAS ≥16)
	Intermediate probability group (AAS 11–15)
	Low probability group (AAS ≤10)
	Diagnostic performance of imaging related to prevalence of appendicitis
	Other diagnostic findings
	Prevalence of appendicitis in patients managed without imaging

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Author contributions
	Competing interest
	Ethics approval and consent to participate
	Author details
	References

