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ABS TR AC T

Investigation of suspected appendicitis varies widely across different countries, 
which creates variation in outcome for patients. Use of imaging drives much of 
this variation, with concerns over delay of imaging and radiation exposure of com-
puted tomography being balanced against the risks of unnecessary surgery. Two 
national, prospective snapshot audits (United Kingdom n=3326 and Netherlands 
n=1934) reported investigation, management and outcome of appendectomy 
and can be compared to generate treatment recommendations. Preoperative 
imaging was conducted in 32.8% of UK patients in contrast to 99.5% of patients 
in the Netherlands. A large difference in the normal appendectomy rate was ob-
served (20.6% in the UK versus 3.2% in the Netherlands) and the connection be-
tween these two outcome differences cannot be neglected. This article discusses 
the role of imaging in the diagnostic work-up for patients who are suspected of 
acute appendicitis, comparing national snapshot studies as a model to do so.
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Background | Appendicitis is traditionally considered a clinical diagnosis based 
on history and physical examination, supplemented with laboratory findings. Dif-
ferent risk stratification systems exist (e.g. Alvarado), aiding accurate diagnosis but 
lacking reliability, particularly in children and women1. Conversely, cross-sectional 
imaging has an excellent accuracy for diagnosing or excluding acute appendicitis 
in patients with acute abdominal pain2. However it is still not used in the standard 
diagnostic work-up in many centres, particularly in Europe. The clinical suspicion 
of acute appendicitis has justified surgery for many surgeons, because the fear of 
delaying surgery or the consequences of misdiagnosing appendicitis outweighed 
the risks of unnecessary operations. The patient’s view on the balance between 
diagnosis, surgery and imaging remains largely unexplored. 

Snapshot approach | Over the last five years, ‘snapshot’ studies documenting 
contemporaneous practice across multiple centres at a specific point in time have 
emerged. In a nationwide study performed by the National Surgical Research Col-
laborative in the UK of 3326 patients undergoing appendectomy, the histological 
normal rate was 20.6% overall but was as high as 28.6% in women3. Wide variation 
was observed in use of preoperative imaging with only 12.9% of patients under-
going preoperative computed tomography (CT). Although normal appendecto-
my rates ranged from 3.3 to 36.8% in high volume centers, the use of preoperative 
CT-scan resulted in a normal appendectomy rate of 8.9%. This raises modern di-
lemmas about the balance between diagnostic laparoscopy and its surgical risks, 
versus computed tomography and its radiation risks.

Comparison of snapshot studies | This relatively new study method was first 
introduced in the UK and has evolved to a valuable method for studying differ-
ent pathologies or treatments4. Comparing studies allows for benchmarking and 
identification of beneficial treatment practices. Although confounding is likely, 
it can produce useful information in the absence of randomised trials. A Dutch 
study on the surgical treatment of acute appendicitis was subsequently under-
taken and published, with a study design comparable to that of the UK study5. It 
was also trainee-led, prospective observational and nationwide. A comparison of 
the study findings is shown in table 1. Demographics of the patients and surgical 
outcomes are comparable between the two cohorts. In the Netherlands a senior 
surgeon is more frequently involved compared to the UK, where trainees perform 
the surgery in 75% of the cases without a supervising consultant. This is a likely ex-
planation for the lower laparoscopic conversion rate (6.9 versus 2.5% respectively) 
and shorter operation time in the Netherlands. 

The most distinctive results are the difference in use of preoperative imaging 
(32.8% versus 99.5%) and the histological normal appendectomy rate (20.6% ver-
sus 3.2%) between the UK and Dutch cohorts. Although a statistical comparison 
between the two cohorts is not appropriate, the correlation of preoperative imag-
ing and the normal appendectomy rate are notable. Similar to findings from North 
American studies, high use of cross-sectional imaging is associated with reduced 
normal appendectomy rates6-8. 
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Benefits of imaging in right iliac fossa pain | Cross-sectional imaging is widely 
available in Western Europe, including during out of hours practice and with in-
creasing speed of access. Delay in surgery because of preoperative imaging did 
not result in a higher histological complex appendicitis rate in the Dutch cohort. 
Delay of surgery for whatever reason was found to be safe and did not lead to 
a higher perforation rate or adverse outcome in the UK cohort9. Thus the main 
limitation in its routine might be that of radiation exposure or lack of ultrasound 
availability and expertise. The low dose CT kidney-ureter-bladder protocols used 
to detect kidney stones may further reduce radiation exposure and make it an 
increasingly attractive first line investigation. 

In the Netherlands a diagnostic imaging algorithm was introduced by the Dutch 
guideline for acute appendicitis in 201010. Five years before the introduction of 
this guideline the use of preoperative imaging was 44% and the normal appendix 
rate 16%10. In the guideline, preoperative imaging is mandatory for all patients 
who are suspected for acute appendicitis. Ultrasound is the first step because of 
its fairly reliable sensitivity, without ionizing radiation risk for the patient11,12. How-
ever, the specificity of ultrasound is less accurate and therefore a CT scan or MRI 
(for children or pregnant women) is advised if the ultrasound result is inconclusive 
or negative. The adherence to this guideline in the Netherlands is excellent as 
shown in the cohort where almost every single patient underwent preoperative 
imaging and the low normal appendectomy rate is the presumed effect of this5. 

The normal appendectomy rate is an imperfect marker, as it does not take into ac-
count patient symptoms, satisfaction or quality of life. Improving diagnosis with-
out surgery may be preferable to some patients, especially those in employment. 
The over 90% use of CT in the USA is unlikely to be replicated in Western Europe, 
although an increase from the 12% rate in British practice may be desirable. This 
is beneficial to detecting unexpected pathology (present in at least 4% of patients 
undergoing appendectomy), including diverticulitis, cancer and inflammatory 
bowel disease3,13. Even more, some patients may wish to avoid surgery, including 
those with impending exams, deadlines or sporting events14. The excess costs of 
imaging are negated by costs saved through early discharge and costs incurred 
through surgical complications, which have been shown to occur in 10% of pa-
tients undergoing negative appendectomy13.

Moving forwards, it is becoming increasingly evident that clinical judgment alone 
is insufficient in the accurate diagnosis of acute appendicitis. A more universal ap-
proach to improving pre-operative diagnosis and avoiding unnecessary surgery 
is needed, in which preoperative imaging should play an increasing role.
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British cohort* 

95 hospitals

n=3326 
May/June 2012

Dutch cohort# 

62 hospitals

n=1934 
June/July 2014

Age (years)

<16

16-50

>50

Missing

707 (21.3)

2141 (64.4)

470 (14.1)

8 (0.2)

486 (25.1)

1038 (53.7)

410 (21.2)

0

Sex

Male

Female

Missing

1699 (51.1)

1617 (48.6)

10 (0.3)

1010 (52.2)

924 (47.8)

0

ASA grade

I-II

III-IV

Missing

3119 (93.8)

84 (2.5)

123 (3.7)

1881 (97.3)

53 (2.7)

0

Preoperative 
imagine

None

Ultrasound

CT

Combination of modalities

Missing

2236 (67.2)

662 (19.9)

428 (12.9)

10 (0.5)

1411 (73.0)

106 (5.5)

406 (21.0)

1 (0.1)

Timing of 
operation

Daytime (8.00-18.00 hours)

Evening (18.00-22.00 hours)

Nighttime (22.00-8.00 hours)

Missing

1920 (57.7)

712 (21.4)

599 (18.0)

95 (2.9)

901 (46.6)

656 (33.9)

366 (18.9)

11 (0.6)

Operative 
technique

Open

Laparoscopic

Laparoscopic converted to open

1120 (33.7)

1976 (59.4)

230 (6.9)

500 (25.9)

1386 (71.7)

48 (2.5)

TABLE 1 Comparison of the British and Dutch collaborative ‘snapshot’ audits of acute 
appendectomy
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Operating 
surgeon

Consultant or supervised trainee

Trainee alone without supervision

Missing

792 (23.9)

2496 (75.0) 
 
38 (1.1)

1595 (82.5) 
 
339 (17.5)

0

Duration of 
surgery (min)

<60

≥60

Missing

1608 (48.3)

1572 (47.3)

146 (4.4)

1490 (77.0)

345 (17.8)

99 (5.1)

Histology

Simple appendicitis

Complex appendicitis

Normal appendix

Other

1698 (51.1)

812 (24.4)

685 (20.6)

131 (3.9)

1429 (73.9)

374 (19.3)

62 (3.2)

69 (3.6)

30-day  
adverse  
events

Composite

Surgical/radiological intervention

Wound infection

Intra-abdominal abscess

Postoperative imaging

Mortality

417 (12.5)

98 (2.9)

113 (3.4)

90 (2.7)

310 (9.3)

7 (0.2)

250 (12.9)

68 (3.5)

60 (3.1)

91 (4.7)

no data

2 (0.1)

Values in parentheses are percentages
*as published earlier2

#outcome in adults was published earlier6

British cohort* 

95 hospitals

n=3326 
May/June 2012

Dutch cohort# 

62 hospitals

n=1934 
June/July 2014
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