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Abstract
Background  Radiologic imaging can accurately diagnose acute appendicitis, but little is known about its discriminatory 
capacity between complicated and uncomplicated appendicitis.
Objective  This study aims to investigate the accuracy of imaging in discriminating complicated from uncomplicated 
appendicitis.
Methods  Data was used from the prospective, nationwide, observational SNAPSHOT appendicitis database, including 
patients with suspected acute appendicitis who were planned for an appendectomy. Usage of ultrasound (US), CT, MRI or 
a combination was recorded. Radiological reports were used to group for complicated or uncomplicated appendicitis. The 
reference standard was based on operative and pathological findings. Primary outcomes were sensitivity and specificity in 
discriminating complicated from uncomplicated appendicitis. Secondary outcomes were diagnostic accuracy results per 
imaging modality and for the subgroups age, BMI, and sex.
Results  Preoperative imaging was performed in 1964 patients. In 1434 patients (73%), only US was used; in 109 (6%) 
patients, only CT was used; and 421 (21%) patients underwent US followed by CT or MRI. Overall, imaging workup as 
practiced, following the national guideline, had a poor sensitivity for complicated appendicitis of only 35%, although speci-
ficity was as high as 93%. For US, accuracy for complicated appendicitis was higher in children than in adults; sensitivity 
41.2% vs. 26.4% and specificity 94.6% vs. 93.4%, respectively, p = 0.003. For relevant subgroups such as age, sex and BMI, 
no other differences in the discriminatory performance were found.
Conclusion  A diagnostic workup with stepwise imaging, using a conditional CT or MRI strategy, poorly discriminates 
between complicated and uncomplicated appendicitis in daily practice.
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Introduction

According to the current standard of practice, the use of 
imaging in the workup for acute appendicitis leads to a 
decrease in the negative appendectomy rate [1–3]. In the 
Netherlands, this workup mainly includes an ultrasound 
(US) followed by a conditional CT scan (CT) in case of 
negative or inconclusive US, or in children, young adults 
and pregnant women an MRI [2, 4]. All imaging modalities 
are subjected to their availability and accuracy. Besides that, 
they may have specific disadvantages like radiation.

There is a growing belief that uncomplicated and com-
plicated appendicitis, or simple and complex appendici-
tis, are two different entities [5]. The presence of necro-
sis indicates the major difference between uncomplicated 

Matthijs D. M. Bolmers and Wouter J. Bom contributed equally as  
a first author.

 *	 Wouter J. Bom 
	 W.j.bom@amsterdamumc.nl

1	 Department of Surgery, Dijklander Hospital, Hoorn, 
The Netherlands

2	 Department of Surgery, UMC, Location AMC, Amsterdam 
Gastroenterology & Metabolism, University of Amsterdam, 
Amsterdam, The Netherlands

3	 Department of Surgery, Tergooi MC, Hilversum, 
The Netherlands

4	 Department of Surgery, Maasstad Ziekenhuis, Rotterdam, 
The Netherlands

/ Published online: 18 May 2022

International Journal of Colorectal Disease (2022) 37:1385–1391

http://orcid.org/0000-0001-6672-0543
http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-022-04173-z&domain=pdf


1 3

and complicated appendicitis. Complicated appendicitis is 
defined by the presence of necrosis. It is thought that uncom-
plicated appendicitis does not develop necrosis, and, there-
fore, will not progress into complicated appendicitis [6]. On 
the contrary, it could be hypothesised that patients with com-
plicated appendicitis present with complicated appendicitis 
from the start of the disease.

It is relevant to discriminate complicated from uncom-
plicated appendicitis. For uncomplicated appendicitis, 
recent studies suggest that uncomplicated appendicitis 
may be treated with antibiotics alone [7–9]. Although 
effective and safe, this conservative treatment has a risk 
of recurrent appendicitis, increasing to 40% after 5 years 
[10]. On the other hand, patients with complicated appen-
dicitis should not be treated with antibiotics alone because 
of the chance of perforated appendicitis. Guidelines advise 
to perform surgery for patients with complicated appen-
dicitis as soon as possible, or at least within 8 h after 
diagnosis [1, 11].

These differences in the treatment regimen make it essen-
tial to recognise and treat complicated appendicitis within 
8 h when patients present to the hospital.

Some studies have described the diagnostic accuracy 
of discriminating between complicated and uncomplicated 
appendicitis for the imaging workup [12, 13]. Others used a 
scoring system, including clinical features combined with 
radiological features [14, 15]. These studies were mostly 
setup as diagnostic accuracy studies in which operators 
were aware of study participation. We conducted an audit 
in which imaging results were collected in all patients 
operated for acute appendicitis in order to describe the 
accuracy of different imaging strategies in both uncom-
plicated and complicated appendicitis. This study aims 
to investigate the diagnostic accuracy of imaging in dis-
criminating complicated from uncomplicated appendicitis 
in everyday practice.

Materials and methods

Study design

For this study data, from the SNAPSHOT appendicitis 
database was used. This database contains data from a 
prospective, nationwide, observational study, which 
included 1975 consecutive patients who underwent 
surgery for suspected appendicitis during 2 months in 
62 Dutch hospitals (3 months in a pilot setting in eight 
hospitals). Patients who were treated conservatively by 
antibiotics or radiological drainage for suspected appen-
dicitis were not included. Complete methods have been 
described previously [16].

Data collection

Surgical residents scored clinical variables at the emer-
gency department, and collected findings from imaging, 
surgical and histological reports. Data about the imag-
ing modality were collected, as were imaging findings as 
interpreted by this physician. This interpretation was a 
diagnosis based on the imaging report and could include 
the following options: uncomplicated appendicitis, com-
plicated/perforated appendicitis, acute appendicitis with 
an appendicular infiltrate/abscess or inconclusive. The 
radiology reports were not standardized and full reports 
were not collected in the database.

Test methods

The index test was the interpretation of imaging findings 
and conclusions of the radiologist by the surgical resident. 
This interpretation is crucial for treatment decisions and 
is therefore representative for clinical practice. For the 
index test, complicated/perforated appendicitis or acute 
appendicitis with an appendicular infiltrate/abscess was 
classified as complicated appendicitis.

The reference standard was a final diagnosis of com-
plicated appendicitis, uncomplicated appendicitis and no 
appendicitis based on surgical and histologic findings. 
Complicated appendicitis was defined as perforated or 
gangrenous appendicitis, or if antibiotics were required 
immediately after surgery. The group of patients whose 
final diagnosis was ‘no appendicitis’ included patients 
with an uninflamed appendix, a neoplasm of the appen-
dix, or another diagnosis, according to the pathologist or 
surgeon.

Outcomes

The primary outcome is the diagnostic accuracy in dis-
criminating complicated from uncomplicated appendici-
tis for the imaging workup as performed in line with the 
national guideline. Sensitivity, specificity, positive predic-
tive values (PPV) and negative predictive values (NPV) 
were calculated. Secondly, these values were described 
for US, primary CT, primary MRI and a fourth group, 
including US with conditional CT and US with conditional 
MRI. In an additional analyses, the reference standard, 
performed by surgeon only (based on perioperative find-
ings) and pathologist only (based on histopathological 
findings), was analysed separately.

All outcomes were measured for the subgroups of adults 
vs. children and male vs. female patients. For patients 
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older than 16, body mass index (BMI) was calculated and 
divided into subgroups BMI < 25 vs. ≥ 25.

As we only included patients who underwent appendec-
tomy, no true negatives (TN) (patients correctly labelled 
as having no appendicitis) were available in this dataset. 
Therefore, no diagnostic accuracy measures for simply the 
diagnosis of appendicitis could be calculated. The focus 
of this study was discrimination between complicated and 
uncomplicated appendicitis.

Uncomplicated versus complicated appendicitis

To discriminate complicated from uncomplicated appendici-
tis, 3 × 3 Tables were constructed, comprising the diagnoses 
complicated appendicitis, uncomplicated appendicitis and no 
appendicitis. As it is in our interest to rule out complicated 
appendicitis, 2 × 2 contingency Tables were constructed out 
of 3 × 3 Tables. Therefore, patients with inconclusive out-
comes were added to the group of expected uncomplicated 
appendicitis. Patients without primary appendicitis, accord-
ing to the reference standard, were added to the reference 
group of uncomplicated appendicitis.

Data analysis

IBM SPSS Statistics version 25.0 was used for analysis. 
As only descriptive outcomes were calculated, X2 was used 
for significant differences for sensitivity and specificity in 
the subgroups. In this case, only the lowest p-value was 
reported. A p-value < 0.05 was considered as statistically 
significant.

Results

Baseline

Out of the 1975 patients, a total of 1964 patients were used 
for this study, as in one patient imaging data were missing, 
and in ten patients, no imaging was performed. Of 1964 
patients, 1807 had appendicitis, of which 617 had compli-
cated appendicitis, 1190 had uncomplicated appendicitis 
and 157 patients did not have appendicitis according to the 
surgeon or pathologist. Of these 157 patients without appen-
dicitis, in 99 cases no appendectomy was performed or an 
uninflamed appendix was found, 36 patients had a neoplasm 
(either benign or malignant) and 22 patients had another 
diagnosis (e.g. Crohn’s disease or endometriosis). In 1434 
patients (73%), US was used without conditional imaging. In 
341 (17%) patients, US was followed by CT, and in 79 (4%) 
an US was followed by MRI. In 109 (6%) patients, only CT 
was used, and one (0.1%) patient had an MRI without an US 
(see flowchart, Fig. 1).

One thousand fifteen (52%) patients were male and 
535 (27.2%) were aged < 18 years. No data were missing 
for age and sex. For BMI, data was missing in 748 (49%) 
patients older than 16. For patients with a BMI < 25, US 
as the only modality was performed in 74% compared to 
56% of patients with a BMI ≥ 25, (see Table 1). In 91% of 
children, US was the only imaging modality used versus 
66% of adults. According to radiology reports, 314 patients 
(16%) were labelled as complicated appendicitis and 1526 
patients (77%) as uncomplicated appendicitis; imaging was 
inconclusive in 124 cases (6%).

Outcomes

Overall workup

Overall, 1840 (94%) of all patients with suspected acute 
appendicitis had a conclusive result based on imaging. The 
other 124 (6%) patients were operated with inconclusive 
imaging. Of 1807 patients with the final diagnosis of acute 
appendicitis, the radiological diagnosis was appendicitis in 
1714 (94.7%) cases.

The sensitivity and specificity of the workup as per-
formed for discriminating complicated from uncomplicated 
appendicitis were 35% (213/617) and 93% (1246/1347), 
respectively (see Table 2); PPV for complicated appendici-
tis was only 68% and NPV 76%. Sensitivity and specificity 
were comparable if the reference standard was defined by the 
surgeon only or pathologist only (Table S1 and S2). For any 
given imaging workup, sensitivity, specificity, PPV and NPV 
for complicated appendicitis were not significantly different 
in age, sex and BMI (see Table 3).

Ultrasound

In 1854 patients, ultrasound was the modality of the first 
choice, 1706 patients had appendicitis and 148 had an alter-
native diagnosis. In 420 of 1854 (22.7%) cases, US was 
inconclusive or negative, and an additional CT or MRI was 
performed. In 1434 patients, US was performed without 
additional imaging. In 84 of 1854 (4.5%) cases, US was 
inconclusive, but patients went for surgery without any fur-
ther imaging. In 386 of 1434, complicated appendicitis was 
the final diagnosis, in 944 uncomplicated and in 104 cases 
the final diagnosis was other than appendicitis. The sensitiv-
ity of US for complicated appendicitis was 34% (122/386) 
and specificity 94% (983/1048). Diagnostic accuracy 
was higher in children than adults; sensitivity was 41.2% 
vs. 26.4% and specificity 94.6% vs. 93.4%, respectively, 
p = 0.003. For age, sex and BMI, no significant differences 
in imaging performance were found, see Table S1.
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CT

In 109 patients, only CT was performed. Of these, 100 
patients had a final diagnose of acute appendicitis. Ninety-
six percent (96/100) of patients operated for acute appen-
dicitis were correctly diagnosed with CT only.

In 58 patients, the final diagnosis was complicated appen-
dicitis, in 42 uncomplicated appendicitis and in 9 patients no 
appendicitis. Sensitivity and specificity for complicated appen-
dicitis, in patients who underwent CT only, were 45% (26/58) 
and 88% (45/51), respectively. No significant differences were 
found for the subgroups age, BMI or sex, see Table S1.

US with conditional CT or MRI

In 420 cases, US was inconclusive, and an additional CT 
or MRI was performed. Of these, 376 patients did have 
acute appendicitis. Ninety-four percent (353/376) of 
patients operated for acute appendicitis were correctly 
diagnosed with US and conditional CT or MRI. In 172 
patients, the final diagnosis was complicated appendici-
tis. Sensitivity and specificity for complicated appendicitis 
were 37% (64/172) and 88% (218/248), respectively. No 
significant differences were found in the subgroups age, 
BMI and sex, see Table S1.

Fig. 1   Flowchart
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Discussion

Given current imaging workup, on the whole, follow-
ing the national guideline, 94.7% of patients selected for 
appendectomy with the final clinical and imaging diagno-
sis of acute appendicitis had a correct diagnosis of appen-
dicitis. Discriminating complicated appendicitis from 
uncomplicated appendicitis by imaging workup showed 
poor results with a sensitivity of 35%, although specific-
ity was 93%. The highest sensitivity (45%) and positive 
predictive value (81%) for complicated appendicitis were 
accomplished by a CT scan only approach. For relevant 
subgroups such as age, sex and BMI, no clinically relevant 
differences in discriminatory performance of the imaging 
modalities were found.

A prospective study exploring the diagnostic accuracy of 
imaging for perforated appendicitis has found a sensitivity 
and specificity of 55% and 88%, respectively [17]. Another 
prospective study (OPTIMAP study) describes diagnostic 
accuracy results for US with conditional CT if necessary and 
compares these with MRI alone. The results of that study are 
largely in line with the present study, finding a sensitivity 

and specificity for complicated appendicitis for US with con-
ditional CT of 48% and 93% and for MRI alone 57% and 
86%, respectively [12]. However, we found lower sensitivi-
ties in diagnosing complicated appendicitis. This difference 
may be explained by research bias in former studies. Radi-
ologists in the present study did not know that their reports 
would be checked and reports were not standardized. Present 
findings, therefore, represent real-world data of radiological 
results of patients with suspected appendicitis.

Routine workup with ultrasound combined with MRI 
or CT, if necessary, is therefore an excellent discrimina-
tor between appendicitis and another abdominal disease. 
In diagnosing acute appendicitis, recent literature shows a 
pooled sensitivity and specificity for US of 69% (95% CI 
59–78%) and 81% (95% CI 73–88%), respectively [18]. 
For CT, pooled sensitivity and specificity is 91% (95%CI 
84–95%) and 90% (95% CI 85–94%) [4], and for MRI, 
96.6% (95% CI 92–99%) and 96% (95% CI 89.4%–98.4%)  
[19](19). In a conditional CT approach, CT follows US in case 
of negative or inconclusive US, thereby incorporating the 
limited sensitivity but high specificity of US for appendicitis  
in an efficient imaging strategy. For US with conditional CT, 

Table 1   Performed imaging 
modality per subgroup

* Conditional CT/MRI (CT only after negative or inconclusive US, as according to national appendicitis 
guideline)

US only CT only US + CT/MRI* None

Performed workup 73% (1434/1974) 6% (109/1974) 21% (421/1974) 1% (10/1974)
Age
    < 18 years 91% (490/541) 0% (0/541) 8% (45/541) 1% (6/541)
    ≥ 18 years 66% (944/1433) 8% (109/1433) 26% (376/1433) 0% (4/1433)

BMI
    BMI < 25 74% (325/438) 4% (19/438) 21% (94/438) 0% (0/438)
    BMI ≥ 25 56% (187/333) 11% (37/333) 32% (107/333) 1% (2/333)

Sex
    Male 76% (771/1021) 4% (44/1021) 20% (200/1021) 1% (6/1021)
    Female 70% (663/953) 7% (65/953) 23% (221/953) 0% (4/953)

Final diagnosis
    Complicated appendicitis 62% (386/620) 9% (58/620) 28% (173/620) 1% (3/620)
    Uncomplicated appendicitis 79% (944/1196) 4% (42/1196) 17% (204/1196) 0% (0/1196)
    No appendicitis 66% (104/158) 6% (9/158) 28% (44/158) 0% (0/158)

Table 2   Diagnostic accuracy 
for complicated appendicitis 
according to performed imaging 
workup

PPV positive predictive value, NPV negative predictive value
*Conditional CT/MRI (CT only after negative or inconclusive US, as according to national appendicitis 
guideline)

Sensitivity Specificity PPV NPV

Overall 35% (213/617) 93% (1246/1347) 68% (213/314) 76% (1246/1650)
US 32% (122/386) 94% (926/1048) 65% (122/187) 79% (926/1247)
CT 45% (26/58) 88% (45/51) 81% (26/32) 58% (45/77)
US + CT/MRI* 38% (65/173) 88% (218/248) 68% (65/95) 67% (218/326)
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a sensitivity for acute appendicitis of 97% and specificity of 
91% have been reported previously, and for MRI this is 98% 
and 88%, respectively [20].

In discriminating complicated from uncomplicated 
appendicitis, results of imaging are poor in both the present 
study and published literature. Scoring systems, including 
both clinical and imaging features, perform better in rul-
ing out complicated appendicitis [14, 15]. Atema et al. has 
constructed two scoring systems (Severity of Appendicitis 
Systems, SAS), one including clinical and US features for 
complicated appendicitis and one including clinical and CT 
features. SAS achieves a sensitivity of 97% and 90%, for 
US-SAS and CT-SAS respectively, and a specificity of 46 
and 70%; negative predictive values are 97.1% and 94.7%, 
respectively. Avanesov et al. also have developed a scoring 
system, including both clinical and CT features to exclude 
complicated appendicitis and found a sensitivity of 82% and 
specificity of 93% [14]. However, both these scoring systems 
are not externally validated yet, and more research should 
be conducted.

Limitations

Limitations in the current study include that this dataset 
does not contain all data on true negative patients, i.e. nega-
tive imaging results and no appendicitis. Therefore, diag-
nostic accuracy for the diagnosis of acute appendicitis was 
not the focus of this study. Importantly, for discriminating 
complicated from uncomplicated appendicitis, however, 
contingency Tables could be constructed, as all consecutive 
patients undergoing appendectomy for the imaging diagnosis 
of appendicitis were included. The availability of BMI data 
was limited; however, the proportion of overweight patients 
as found was comparable to the average Dutch population. 
Therefore, it was assumed that these missings were at ran-
dom [21].

Another limitation of the present study is that we were not 
able to evaluate imaging results based on a dichotomised deci-
sion of the radiologist assigning either a complicated or uncom-
plicated appendicitis label to each patient. Radiology reports 
were not standardized, and in many cases, did not explicitly 
further define the diagnosis of acute appendicitis in compli-
cated or uncomplicated appendicitis. Therefore, our results 
might be biased to some extent by retrospective interpreta-
tion of radiological reports, or because of under-registration 
of signs of complicated appendicitis by radiologists in their 
reports. On the other hand, the present study accurately reflects 
daily practice at the Emergency Department as surgeons inter-
pret written reports of radiologists and thereby classify patients 
(subconsciously) in complicated or uncomplicated appendicitis. 
Radiology reports were interpreted by local researchers, which 
might lead to interobserver variability. The major strength of 
this study is that it represents real-life data results. In the future, 
standardised imaging reports might be necessary to investigate 
the true discriminatory capacity of imaging modalities in dif-
ferentiating complicated from uncomplicated appendicitis.

Conclusions

A diagnostic workup with stepwise imaging, using a con-
ditional CT or MRI strategy, poorly discriminates between 
complicated and uncomplicated appendicitis in daily prac-
tice. A CT only approach was not associated with better 
discriminatory performance.

Article summary

Why is this topic important?
More research in discriminating complicated from 

uncomplicated appendicitis is necessary, before conservative 
treatment for uncomplicated appendicitis is implemented.

Table 3   Diagnostic accuracy 
for complicated appendicitis for 
subgroups after imaging workup

The p-value was calculated by chi-square test for sensitivity and specificity. Only the lowest value was 
mentioned
PPV positive predictive value, NPV negative predictive value

Sensitivity Specificity PPV NPV P-value

Age 0.15
    < 18 years 39% (59/150) 94% (362/385) 72% (59/82) 80% (362/453)
    ≥ 18 years 33% (154/467) 92% (884/962) 66% (154/232) 74% (884/1197)

BMI 0.45
    BMI < 25 30% (40/133) 94% (286/305) 68% (40/59) 75% (286/379)
    BMI ≥ 25 30% (35/117) 92% (197/279) 67% (35/52) 73% (197/279)

Sex 0.09
    Male 32% (103/327) 92% (633/688) 65% (103/158) 74% (633/857)
    Female 38% (110/290) 93% (613/659) 71% (110/156) 77% (613/793)
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What does this study attempt to show?
This study attempts to show the discriminatory capacity 

of the diagnostic workup with stepwise imaging, using a 
conditional CT or MRI strategy between complicated and 
uncomplicated appendicitis in daily practice.

What are the key findings?
A diagnostic workup with stepwise imaging, using a con-

ditional CT or MRI strategy, poorly discriminates between 
complicated and uncomplicated appendicitis in daily 
practice.

How is patient care impacted?
Even more research in discriminating complicated from 

uncomplicated appendicitis is necessary, before conservative 
treatment for uncomplicated appendicitis is implemented. 
Imaging alone should not be used to discriminate between 
complicated and uncomplicated appendicitis.
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