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ABS TR AC T

Background | Studies comparing laparoscopic and open appendectomy are 
difficult to interpret owing to several types of bias, and the results often seem of 
limited clinical importance. National audits can be valuable to provide insight into 
outcomes following appendectomy at a population level.

Methods | A prospective, observational, resident-led, nationwide audit was 
carried out over a period of 2 months, including all consecutive adult patients who 
had surgery for suspected acute appendicitis. Complications after laparoscopic 
and open appendectomy were compared by means of logistic regression analysis; 
subgroup analyses were performed for patients with complicated appendicitis.

Results | A total of 1975 patients were included from 62 participating Dutch 
hospitals. A normal appendix was seen in 3.3 per cent of patients. Appendectomy 
was performed for acute appendicitis in 1378 patients, who were analysed. All but 
three patients underwent preoperative imaging. Laparoscopy was used in 79.5 
per cent of patients; the conversion rate was 3.4 per cent. A histologically normal 
appendix was found in 2.2 per cent. Superficial surgical-site infection was less 
common in the laparoscopic group (odds ratio 0.25, 95 per cent c.i. 0.14 to 0.44; 
P  <  0.001). The rate of intra-abdominal abscess formation was not significantly 
different following laparoscopic or open surgery (odds ratio 1.71, 0.80 to 
3.63; P  =  0.166). Similar findings were observed in patients with complicated 
appendicitis.

Conclusion | Management of acute appendicitis in the Netherlands is preferably 
performed laparoscopically, characterized by a low conversion rate. Fewer 
superficial surgical-site infections occurred with laparoscopy, although the 
rate of abscess formation was no different from that following open surgery. A 
low normal appendix rate is the presumed effect of a mandatory preoperative 
imaging strategy.
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INTRODUC TION

Appendectomy for acute appendicitis is one of the most frequently performed 
emergency abdominal procedures. The preferred approach, laparoscopic or 
open, remains a debate because of conflicting evidence of outcome parameters. 
The literature suggests that superficial surgical-site infection (SSI) occurs more 
often after open surgery and that intra-abdominal abscess formation is more 
frequent after laparoscopy1,2. The clinical importance of these observations 
remains unclear. The National Surgical Research Collaborative3 demonstrated 
wide variations in practice in the UK, and showed that there is no consensus 
between surgeons in the optimal treatment of acute appendicitis. In practice, 
operating surgeons decide which approach to perform based on their own 
expertise rather than evidence.

Uncomplicated and complicated appendicitis are now believed to be two 
different entities4. Reversibility of uncomplicated disease without surgery is 
demonstrated in studies comparing antibiotic treatment and appendectomy5,6, 
whereas complicated appendicitis with necrosis or perforation of the appendix 
cannot be treated successfully without invasive treatment. The preferred surgical 
approach in complicated appendicitis is even more unclear because of lack of 
evidence in this subgroup.

In the Netherlands there is no national registration to measure variation in care 
and outcome of treatment of acute appendicitis.

The objectives of this study were to assess the variation in practice and outcomes 
in the treatment of acute appendicitis, with emphasis on infectious complications 
after open and laparoscopic appendectomy, and the clinical implications of these 
complications.

METHODS

The Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) statement was used in the design and implementation of the study 
and to prepare the manuscript7. The medical ethics committee of the Academic 
Medical Centre in Amsterdam approved the study design and judged that 
informed consent from patients was not necessary because of the observational 
study design with no additional burden for the patient.

Study design | All academic and general community hospitals (teaching and non-
teaching) in the Netherlands that provide acute general surgical care were invited 
to participate in this resident-led prospective observational audit. All consecutive 
patients who had surgery primarily for suspected acute appendicitis over a 
2-month study interval (June and July 2014) were included. This was preceded by 
a pilot phase in eight hospitals (1 academic, 7 general community teaching) in May 
2014 in the Amsterdam region. No modifications of the study protocol or database 
were necessary after the pilot phase. This study period was chosen because of 
the relatively higher incidence of appendicitis in the summer months8. Patients 
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treated conservatively, or surgically after failed initial conservative treatment, 
were not included, and neither were those who had an elective appendectomy 
(whether or not part of another procedure). All patients were treated according to 
the local hospital protocol.

Eligibility criteria and outcome measures | In this analysis only adult patients 
(18  years or older) who had laparoscopic or open appendectomy for acute 
appendicitis were included. The primary outcome was the infectious complication 
rate following laparoscopic and open appendectomy. The duration of follow-up 
was 30 days after surgery.

A superficial SSI was recorded when administration of antibiotics or opening of the 
incision was necessary. An intra-abdominal abscess was defined as a postoperative 
intra-abdominal fluid collection diagnosed by cross-sectional imaging for which 
administration of antibiotics or a radiological or surgical intervention was needed. 
Postoperative ileus was reported as an adverse event when resumption of oral 
diet was not achieved within 5 days of operation9.

Complicated appendicitis was defined as necrosis or perforation of the appendix 
as found during laparoscopy or laparotomy, whether or not pus was present in the 
abdominal cavity.

Data collection | In each participating hospital one local investigator (usually 
a surgical trainee) was responsible for the prospective data collection and 
for entering the anonymized data into a web-based database. Patients were 
identified on a daily basis; preoperative and intraoperative data were processed 
after surgery, and the postoperative outcome at the end of follow-up. Data were 
obtained from the electronic patient database, admission charts and operative 
reports, or directly from the surgeon who performed the operation when details 
were unclear or missing. To identify complications during follow-up, the database 
was checked to monitor visits to the emergency department, postoperative 
imaging or intervention, unscheduled outpatient visits or hospital readmission. 
Additional checking of admission diagnosis and surgical procedures in the study 
months identified any missing patients.

Statistical analysis | Statistical analysis was performed using SPSS® version 20 
(IBM, Armonk, New York, USA). 

The intention-to-treat principle was used to compare the laparoscopic and open 
approach; patients who had conversion to open surgery were analysed in the 
laparoscopic group. Dichotomous outcomes were compared using the χ2 test, 
or Fisher’s exact test where appropriate, and comparison of non-parametric 
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outcome (medians) was determined with the Mann–Whitney U test. To compare 
complications after laparoscopic and open appendectomy, univariable odds 
ratios (ORs) and 95 per cent c.i. were calculated by means of logistic regression 
analysis. A multivariable regression model was built for comparison of infectious 
complications after laparoscopic and open surgery, to compensate for the impact 
of variables with P  <  0.200 in univariable analysis. P  <  0.050 was considered 
statistically significant.

RESULTS

A total of 1975 patients underwent surgery for suspected acute appendicitis in 
62 Dutch hospitals during the 2-month study interval (3 months in pilot centres; 
219 inclusions in May, 887 in June and 869 in July 2014). Participating hospitals 
included all eight of the academic teaching hospitals in the Netherlands, 38 
(84 per cent) of the community teaching hospitals and 16 (41 per cent) of the 
community non-teaching hospitals. Some 541 patients were children (aged less 
than 18 years). In 47 (3.3 per cent) of the 1434 adult patients the appendix was 
not inflamed, and in 28 of these an alternative diagnosis was found for which four 
other surgical interventions were performed. The appendix was removed in 25 
patients in whom it was not inflamed (15 laparoscopic, 10 open) and left in situ 
in 22 patients. In four patients with acute appendicitis, as judged by the local 
surgeon, the appendix was not removed because of adhesions or infiltrate, and 
in five patients an ileocaecal resection or right hemicolectomy was performed 
because of an infiltrative or suspected malignant process. In 1378 adult patients 
an appendectomy was performed for acute appendicitis; the outcomes of these 
procedures were examined.

Demographics and preoperative data | The median age of patients was 
39.0 (range 18–96) years, and 685 (49.7 per cent) were men. Demographic and 
preoperative data are shown in Table  1. More women underwent laparoscopic 
surgery, and in high-volume centres (40 or more included patients) laparoscopy 
was used more frequently. There were no differences between open and 
laparoscopic groups with respect to age, American Society of Anesthesiologists 
classification, rate of complicated appendicitis, on-call surgery (evening, night-
time and weekends), and whether consultant or resident performed the operation.

In almost all patients (1374, 99.7 per cent) preoperative cross-sectional imaging 
was performed. Ultrasonography was used in 1270 patients (92.2 per cent) as the 
initial diagnostic modality, followed by CT or MRI in 359 patients (28.3 per cent) 
in whom ultrasound findings were inconclusive (Table 1). In 221 patients (16.1 per 
cent) complicated appendicitis was suspected on imaging; this was suspected 
more frequently on CT or MRI than with ultrasound imaging alone (Table  2). 
Preoperative imaging was not able to diagnose appendicitis in 58 patients (4.2 
per cent).
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TABLE 1 Demographic and preoperative data for patients undergoing appendectomy for 
acute appendicitis

Total 
(n = 1378)

Laparoscopy (ITT) 
(n = 1096)

Open surgery 
(n = 282) P*

Median age (years) 39.0 38.0 41.0 0.246‡

Sex ratio (M : F) 685 : 693 495 : 601 190 : 92 < 0.001

ASA fitness grade 0.075†

I–II 1327 (96.3) 1061 (96.8) 266 (94.3)

III–IV 51 (3.7) 35 (3.2) 16 (5.7)
No. of patients included by 
participating centres < 0.001

< 40 682 (49.5) 512 (46.7) 170 (60.3)

≥ 40 696 (50.5) 584 (53.3) 112 (39.7)

Imaging 0.163

Ultrasound only 911 (66.1) 714 (65.1) 197 (69.9)

Ultrasound followed by CT 318 (23.1) 263 (24.0) 55 (19.5)

Ultrasound followed by MRI 41 (3.0) 31 (2.8) 10 (3.5)

CT only 104 (7.5) 85 (7.8) 19 (6.7)

No imaging 3 (0.2) 3 (0.3) 0 (0)

Missing 1 (0.1) 0 (0.0) 1 (0.4)

Conclusion from imaging 0.259

Uncomplicated appendicitis 1095 (79.7) 876 (80.1) 219 (77.9)

Complicated appendicitis 221 (16.1) 168 (15.4) 53 (18.9)

Inconclusive for appendicitis 58 (4.2) 49 (4.5) 9 (3.2)

Values in parentheses are percentages. ITT, intention to treat; ASA, American Society of Anesthesiologists.  
*χ2 test, except †Fisher’s exact test and ‡Mann–Whitney U test.
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Surgical outcome | Laparoscopy was used in 1096 (79.5 per cent) of the 1378 
patients, with a conversion rate of 3.4 per cent (37 patients) (Table 3). During on-
call hours there was no reduction in the use of laparoscopy, and the conversion 
rate during evening, night-time and weekend surgery was 1.9 per cent (9 patients), 
5.0 per cent (13 patients) and 3.2 per cent (10 patients) respectively.

In 438 patients (31.8 per cent) complicated appendicitis was found at operation; 
the conversion rate in patients with complicated appendicitis was 5.3 per cent (23 
patients). Surgical data for patients who had an appendectomy for appendicitis 
are shown in Table 3. Duration of surgery was significantly longer for laparoscopic 
surgery. Median hospital stay was 2.0 (range 1–66) days following appendectomy, 
and there was no difference between the two groups (P = 0.705). Pathological 
examination demonstrated a normal appendix in 30 patients (2.2 per cent) and a 
neoplasm in 28 specimens (2.0 per cent) (Table 3).

The overall complication rate, in and out of hospital, was 13.4 per cent (184 
patients) during the 30-day follow-up, with no difference between laparoscopic 
and open approaches (OR 0.79, 95 per cent c.i. 0.55 to 1.14; P = 0.214) (Table 4).

Infectious complications | Superficial SSI occurred in 51 patients (3.7 per 
cent) and intra-abdominal abscess in 60 (4.4 per cent). In the 438 patients with 
complicated appendicitis, superficial SSI was seen in 24 (5.5 per cent) and an intra-
abdominal abscess in 41 (9.4 per cent). Superficial SSI was less common following 
laparoscopic compared with open appendectomy in the whole cohort (Table 4), 
and this was also the case for complicated appendicitis: 2.6 per cent (9 of 343) 
versus 16 per cent (15 of 95) respectively (OR 0.14, 95 per cent c.i. 0.06 to 0.34; 
P  <  0.001). The rate of intra-abdominal abscess formation did not significantly 
differ between the laparoscopic and open approach in the whole cohort (Table 4), 
or in patients with complicated appendicitis (10.2 per cent (35 of 343) versus 6 per 
cent (6 of 95) respectively; OR 1.69, 95 per cent c.i. 0.69 to 4.14, P = 0.254).

n Uncomplicated 
appendicitis

Complicated 
appendicitis

Inconclusive for 
appendicitis

Ultrasound only 911 767 (84.2) 109 (12.0) 35 (3.8)

Ultrasound followed by CT 318 227 (71.4) 74 (23.3) 17 (5.3)

Ultrasound followed by MRI 41 32 (78) 8 (20) 1 (2)

CT only 104 69 (66.3) 30 (28.8) 5 (4.8)

Values in parentheses are percentages.

TABLE 2 Outcome of different imaging modalities
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Total 
(n = 1378)

Laparoscopy (ITT) 
(n = 1096)

Open surgery 
(n = 282) P*

Laparoscopy
Conversion to open 

surgery 37 (3.4)

Reason for conversion
No overview 20 (54)
Severity of appendicitis 11 (30)
Adhesions 2 (5)
Bleeding 1 (3)
Intestinal injury 1 (3)
Stapler failure 1 (3)
No laparoscopic 

expertise 1 (3)

Multiple trocars 1002 of 1059 (94.6)
Single port (SILS) 57 of 1059 (5.4)
Closure of appendix stump

Endoloops 791 of 1059 (74.7)
Endostapler 268 of 1059 (25.3)

Open surgery
Grid-iron incision 272 (96.5)
Midline laparotomy 10 (3.5)

Closure of appendix stump

Ligation 215 (76.2)
Ligation and inversion 

suture 62 (22.0)

Stapler 5 (1.8)

Surgeon 0.672†

Consultant or resident 
under supervision 1114 (80.8) 883 (80.6) 231 (81.9)

Resident with no 
supervising consultant 264 (19.2) 213 (19.4) 51 (18.1)

Timing of surgery
Mean duration (min) 43.0 45.0 36.5 < 0.001‡
Weekday 1066 (77.4) 851 (79.8) 215 (20.2) 0.615†
Weekend day 312 (22.6) 245 (78.5) 67 (21.5)

Daytime  
(08.00–18.00 hours) 648 (47.0) 517 (79.8) 131 (20.2) 0.929

TABLE 3  Operative data for patients undergoing appendectomy for acute appendicitis
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Evening  
(18.00–22.00 hours) 464 (33.7) 369 (79.5) 95 (20.5)

Night-time  
(22.00–08.00 hours) 258 (18.7) 203 (78.7) 55 (21.3)

Missing 8 (0.6) 7 1

Intraoperative diagnosis 0.473†
Uncomplicated 

appendicitis 940 (68.2) 753 (68.7) 187 (66.3)

Complicated (necrosis  
or perforation) 438 (31.8) 343 (31.3) 95 (33.7)

Suction and irrigation of 
abdominal pus 0.385

Suction only 141 (10.2) 118 (10.8) 23 (8.2)

Suction and irrigation 301 (21.8) 241 (22.0) 60 (21.3)

Not applicable 936 (67.9) 737 (67.2) 199 (70.6)
Intraoperative/postoperative 
antibiotic use 0.332

No prophylaxis 47 (3.4) 41 (3.7) 6 (2.1)
Intraoperative (< 24 h) 865 (62.8) 681 (62.1) 184 (65.2)
Continued for > 24 h 466 (33.8) 374 (34.1) 92 (32.6)

Histological findings 0.740
Normal appendix 30 (2.2) 25 (2.3) 5 (1.8)
Simple/acute appendicitis 1015 (73.7) 809 (73.8) 206 (73.0)
Necrosis 137 (9.9) 110 (10.0) 27 (9.6)
Perforation 152 (11.0) 114 (10.4) 38 (13.5)
Neoplasm 28 (2.0) 24 (2.2) 4 (1.4)
Other 8 (0.6) 7 (0.6) 1 (0.4)

No histology performed 8 (0.6) 7 (0.6) 1 (0.4)

Values in parentheses are percentages. ITT, intention to treat; SILS, single-incision laparoscopic surgery. *χ2 test, 
except †Fisher’s exact test and ‡Mann–Whitney U test.

Total 
(n = 1378)

Laparoscopy (ITT) 
(n = 1096)

Open surgery 
(n = 282) P*
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Multivariable regression analysis showed that the laparoscopic approach was 
independently associated with fewer superficial SSIs (OR 0.21, 95 per cent c.i. 0.11 
to 0.40; P < 0.001).

During on-call hours (evening, night or weekends) no difference was observed in 
superficial SSI (3.1 per cent (28 of 899) versus 4.8 per cent (23 of 479) for regular 
hours; OR 0.57, 95 per cent c.i. 0.89 to 2.76, P = 0.117) or intra-abdominal abscess 
(4.2 per cent (38 of 899) versus 4.6 per cent (22 of 479) for regular hours; OR 1.09, 
0.64 to 1.87, P = 0.751).

After converted laparoscopy a superficial SSI was seen in seven patients (19 per 
cent) and an intra-abdominal abscess in six (16 per cent). All but one of these 
patients had an intraoperative diagnosis of complicated appendicitis.

Clinical implications of infectious complications | The median length of 
hospital stay after an infectious complication (SSI or intra-abdominal abscess) was 
4.0 days. Readmission was necessary in 44 (42.3 per cent) of 104 patients with 
an SSI, intra-abdominal abscess, or both, and reintervention (opening of wound, 
percutaneous drainage or reoperation) was required in 70 (67.3 per cent).

For the 51 patients who developed a superficial SSI, median duration of hospital 
stay was 3.0 days; readmission for this indication was necessary in six patients (12 
per cent) and opening of the wound in 42 (82 per cent).

For the 60 patients who developed an intra-abdominal abscess, median duration 
of hospital stay was 5.0 days; readmission was necessary in 39 patients (65 per 
cent) and percutaneous drainage or reoperation in 30 (50 per cent).

Postoperative ileus was seen in seven (6.7 per cent) of the 104 patients with an 
infectious complication, in two (3.9 per cent) of the 51 patients with a superficial 
SSI and in five (8.3 per cent) of the 60 patients with an intra-abdominal abscess.

 
DISCUSSION

This study found a significantly different rate of superficial SSI following 
laparoscopic and open surgery, whereas the rate of intra-abdominal abscess was 
no different. In the Netherlands, the prevailing approach in acute appendicitis 
is laparoscopic with low conversion rates, even in patients with complicated 
appendicitis and during on-call hours. The observed normal appendix and 
appendectomy rate was low. The approach, either laparoscopic or open, was not 
determined by patient factors such as disease severity, other than female sex. 
Women had a laparoscopic operation more frequently, because of the possibility 
of a gynecological cause of the symptoms.

Resident-led ‘snapshot’ research is a novel approach for assessing current practice 
in a short period of time. The present snapshot was derived from a previous 
analysis of acute appendectomy in the UK, conducted by the National Surgical 
Research Collaborative3. In that study, and also in other historical cohorts2, the 
laparoscopic approach was less common and the conversion rate higher than 
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Total 
(n = 1378) 

Laparoscopy 
(ITT)  
(n = 1096)

Open surgery 
(n = 282) 

Odds ratio* 
 

P 
 

Any complication 184 (13.4) 140 (12.8) 44 (15.6) 0.79 (0.55, 1.14) 0.214

Infectious complications

Any infectious 
complication 129 (9.4) 96 (8.8) 33 (11.7) 0.72 (0.48, 1.10) 0.132

Superficial SSI 51 (3.7) 26 (2.4) 25 (8.9) 0.25 (0.14, 0.44) < 0.001

Antibiotics only 9 6 3

Opening wound 42 20 22

Intra-abdominal 
abscess 60 (4.4) 52 (4.7) 8 (2.8) 1.71 (0.80, 3.63)

Antibiotics only 30 27 3 0.166

Percutaneous 
drainage 18 14 4

Reoperation 12 11 1

Other infectious 
complication† 20 (1.5) 18 (1.6) 2 (0.7) 2.34 (0.54, 10.13) 0.257

Pneumonia 5 (0.4) 3 (0.3) 2 (0.7) 0.38 (0.06, 2.31) 0.296

Urinary tract infection 4 (0.3) 4 (0.4) 0 (0) 0.587‡

Ileus (no resumption of 
diet within 5 days) 25 (1.8) 21 (1.9) 4 (1.4) 1.36 (0.46, 3.99) 0.578

Death 2 (0.1) 1 (0.1) 1 (0.4) 0.26 (0.02, 4.12) 0.337

Haemorrhagic 
complication 5 (0.4) 4 (0.4) 1 (0.4) 1.03 (0.12, 9.25) 0.979

Cardiopulmonary 
complication 8 (0.6) 7 (0.6) 1 (0.4) 1.81 (0.22, 14.74) 0.581

Other complication 10 (0.7) 7 (0.6) 3 (1.1) 0.60 (0.15, 2.33) 0.458

Hospital readmission 
(any reason) 86 (6.2) 75 (6.8) 11 (3.9) 1.81 (0.95, 3.46) 0.072

Reoperation 27 (2.0) 22 (2.0) 5 (1.8) 1.14 (0.43, 3.02) 0.800

TABLE  4 Thirty-day complication rate and univariable logistic regression analysis of 
laparoscopic versus open surgery

Values in parentheses are percentages unless indicated otherwise; *values are 95 per cent c.i. †Includes hospital 
readmission or (re)commencement or continuation of antibiotics because of fever and/or increased infection values 
without confirmation of surgical-site infection (SSI) or abscess on imaging. ITT, intention to treat. ‡Fisher’s exact 
test.
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in the present study. The widespread use of laparoscopic appendectomy in the 
Netherlands is also seen during on-call hours, unlike in the UK where laparoscopy 
is used less frequently for evening and night-time operations.

The normal appendix rate, both clinical and histological, is very low compared 
with found in the UK National Surgical Research Collaborative study3. In that study, 
the normal appendix rate was 20.6 per cent (in women as high as 28.6 per cent), 
although the rate dropped to 8.9 per cent where preoperative CT was performed3. 
This is in accordance with studies showing the effectiveness of imaging in 
reducing normal appendectomy rates10,11. In the present study, ultrasonography 
was the most commonly used diagnostic tool for patients with suspected acute 
appendicitis. This is in agreement with the Dutch guidelines12 that advise cross-
sectional imaging in all patients with suspected appendicitis, starting with 
ultrasonography and supplemented by CT or MRI when the ultrasound finding 
is negative or inconclusive. CT and MRI have high sensitivity for including and 
excluding appendicitis13,14, but considerations to refrain from standard use of 
these imaging methods in all patients are exposure to ionizing radiation (CT), 
cost and availability. In the present study ultrasound imaging alone did not lead 
to a higher rate of inconclusive diagnosis compared with CT or a combination 
of imaging modalities. Surgeons in the Netherlands therefore seem adequately 
to follow the algorithm of cross-sectional imaging use as recommended by the 
Dutch guideline for appendicitis12. 

The Dutch guideline also advises that a normal-appearing appendix found at 
laparoscopy should be left in place because of the possible morbidity associated 
with normal appendectomy and the low likelihood of subsequent appendicitis15,16. 
This is why all patients who had surgery for suspected appendicitis were included 
in the present study, not only those in whom appendectomy was performed, in 
order to provide a complete overview of the normal appendix rate, both clinical 
and histological.

In a Cochrane review1  of laparoscopic versus open surgery for suspected 
appendicitis, a threefold higher incidence of intra-abdominal abscess was 
described following laparoscopy. The infectious complication rate was higher in 
the present study, but comparable to that found in the UK study3. No randomized 
clinical trials have been performed to compare the laparoscopic and open 
approach for complicated appendicitis per  se. Most observational studies 
comparing laparoscopic and open approaches in complicated appendicitis have 
been small and underpowered, although one meta-analysis17 also concluded that 
laparoscopic appendectomy was advantageous with regard to SSI and with no 
significant additional risk of intra-abdominal abscess. However, a superficial SSI is 
less important than an intra-abdominal abscess with regard to hospital stay and 
readmission.

The strength of both the UK and Dutch snapshot studies is that all consecutive 
patients undergoing acute appendectomy were included prospectively without 
any selection based on severity of disease, age or co-morbidity, and few data 
were missing. Appendicitis is suitable for a snapshot study because it is a 
common condition enabling the inclusion of many patients in a short time interval 
with no need for a long follow-up to monitor complications. Both in-hospital and 
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outpatient complications were registered meticulously during follow-up. One 
local dedicated investigator, usually a surgical resident, in each participating 
hospital was assigned to collect and process the data. The present study 
therefore provides a reliable overview of the outcome of surgical treatment of 
acute appendicitis in the Netherlands.

A limitation of this study was that non-teaching hospitals were less represented 
in this cohort because of the lack of surgical residents in these hospitals. Another 
limitation was the interobserver variation present between surgeons, for instance 
in scoring appendicitis as complicated. Complicated appendicitis is believed to 
be a different entity from uncomplicated appendicitis4. Variance in scoring skews 
the true comparison between uncomplicated and complicated appendicitis, 
not only by scoring but also by the resulting treatment differences, such as 
prolongation of antibiotic use. On the other hand, this reflects actual clinical 
practice. The importance of fluid in the abdominal cavity without necrosis or 
perforation of the appendix is unclear, because this is often reactive fluid without 
bacterial translocation. Therefore, in the present study, complicated appendicitis 
was defined as necrosis or perforation, as this is the most objective finding.

02

Prospective nationwide outcome audit of surgery for suspected acute appendicitis



46

CH A P TE R 2



47

 
 
Sauerland S, Jaschinkski T, Neugebauer EA. Laparoscopic versus open 
surgery for suspected appendicitis. Cochrane Database Syst Rev 2010; 
(10)CD001546. 
 
Andersson RE. Short-term complications and long-term morbidity of 
laparoscopic and open appendectomy in a national cohort. Br J Surg 
2014; 101: 1135–1142. 
 
National Surgical Research Collaborative. Multicentre observational 
study of performance variation in provision and outcome of emergency 
appendectomy. Br J Surg 2013; 100: 1240–1252. 
 
Livingston EH, Woodward WA, Sarosi GA, Haley RW. Disconnect 
between incidence of nonperforated and perforated appendicitis: 
implications for pathophysiology and management. Ann Surg 2007; 
245: 886–892. 
 
Vons C, Barry C, Maitre S, Pautrat K, Leconte M, Costaglioli B et al. 
Amoxicillin plus clavulanic acid versus appendectomy for treatment 
of acute uncomplicated appendicitis: an open-label, non-inferiority, 
randomised controlled trial. Lancet 2011; 377: 1573–1579. 
 
Wilms IM, de Hoog DE, de Visser DC, Janzing HM. Appendectomy 
versus antibiotic treatment for acute appendicitis. Cochrane Database 
Syst Rev 2011; (11)CD008359. 
 
von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, 
Vandenbroucke JP. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) 
 
statement: guidelines for reporting observational studies. Lancet 2007; 
370: 1453–1457. 
 
Wei PL, Chen CS, Keller JJ, Lin HC. Monthly variation in acute 
appendicitis incidence: a 10-year nationwide population-based study. J 
Surg Res 2012; 178: 670–676. 
 
Vather R, Trivedi S, Bissett I. Defining postoperative ileus: results of 
a systematic review and global survey. J Gastrointest Surg 2013; 17: 
962–972. 
 
Park JS, Jeong JH, Lee JI, Lee JH, Park JK, Moon HJ. Accuracies of 
diagnostic methods for acute appendicitis. Am Surg 2013; 79: 101–106. 
 
Raja AS, Wright C, Sodickson AD, Zane RD, Schiff GD, Hanson R et al. 
Negative appendectomy rate in the era of CT: an 18-year perspective. 
Radiology 2010; 256: 460–465. 
 

1

2

3

4

5

6

7

8

9

10

11

REFERENCES

02

Prospective nationwide outcome audit of surgery for suspected acute appendicitis



48

CH A P TE R 2

Bakker OJ, Go PM, Puylaert JB, Kazemier G, Heij HA. [Guideline 
on diagnosis and treatment of acute appendicitis: imaging prior to 
appendectomy is recommended.] Ned Tijdschr Geneeskd 2010; 154: 
A303. 
 
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. 
 
Leeuwenburgh MM, Wiarda BM, Wiezer MJ, Vrouenraets BC, Gratama 
JW, Spilt A et al.; OPTIMAP Study Group. Comparison of imaging 
strategies with conditional contrast-enhanced CT and unenhanced MR 
imaging in patients suspected of having appendicitis: a multicenter 
diagnostic performance study. Radiology 2013; 268: 135–143.  
 
Bijnen CL, van den Broek WT, Bijnen AB, de Ruiter P, Gouma DJ. 
Implications of removing a normal appendix. Dig Surg 2003; 20: 215–
219. 
 
van den Broek WT, Bijnen AB, de Ruiter P, Gouma DJ. A normal 
appendix found during diagnostic laparoscopy should not be removed. 
Br J Surg 2001; 88: 251–254. 
 
Markides G, Subar D, Riyad K. Laparoscopic versus open appendectomy 
in adults with complicated appendicitis: systematic review and meta-
analysis. World J Surg 2010; 34: 2026–2040.

12

13

14

15

16

17


