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G E N E R A L I NTRODUC TI ON

GENER AL INTRODUC TION

Appendix | The appendix vermiformis is a diverticulum of the cecum. The 
appendix length averages 10 cm and the normal diameter is 3-5 mm. The location 
of the appendix tip can vary but the appendix base is always at the cecum where 
the longitudinal bands of the cecum (taenia coli) meet. erengario DaCarpi first 
described the appendix in 1521. Leonardo da Vinci earlier illustrated the appendix 
in anatomic drawings in 1492 but this was not published until the 18th century1.

Variable locations of the appendix 
tip: 1: medial over ileum, 2: medial 
under ileum, 3: into pelvis, 4: in 
iliac fossa, 5: lateral and behind 
to cecum, 6: behind ileo-cecal 
junction 

The appendix was for a long time considered to be a vestigial organ, but is now 
known to have an immunologic function and more recently it was discovered to 
also play a role in disease activity in patients with ulcerative colitis2,3. 

In 1886 the term appendicitis was introduced by pathologist Reginald Fitz 
who advocated for the early surgical removal of the appendix as treatment for 
appendicitis4. 

Appendicitis | Appendicitis is one of the most frequent acute abdominal 
infections5. The lifetime incidence risk of developing appendicitis is 7-8% and a 
minimal predominance is seen in male6,7. The peak incidence is found in patients 
between 10 and 30 years of age. Appendicitis can be related to a luminal 
obstruction, for example a faecolith (also appendicolith), lymphoid hyperplasia, 
neoplasm or infectious agent, although the exact mechanism of appendicitis 
remains often unknown8. Increased intraluminal pressure leads to venous 
congestion that may result in ischemia and ultimately necrosis of the appendix. 
The appendix can perforate as a consequence of this tissue necrosis; peritonitis 
and abscess is developed thereafter. Simple appendicitis without necrosis, 
perforation or an extensive purulent peritonitis is these days more frequently 
defined as uncomplicated appendicitis and the more severe variant with necrosis 
and/or perforation of the appendix as complicated appendicitis. The reported 
rate of complicated appendicitis varies between 16-32% depending on terms and 
definitions9,10. Acute appendicitis was earlier believed to always lead to perforation, 
abscess formation and peritonitis if left untreated. Yet this ‘time-progressive’ 
reasoning is questioned nowadays11,12.
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Diagnosis | Appendicitis was traditionally considered a clinical diagnosis based 
on clinical findings and (later) supplemented with laboratory findings. The 
resulting normal appendectomy rate as high as 15-20% was accepted as the fear 
of misdiagnosing appendicitis with all its consequences would outweigh the risks 
of unnecessary surgery. As a consequence, the lifetime risk of an appendectomy 
was up to 12.0% for men and even 23.1% for women6. The addition of imaging 
to the diagnostic process has been found to reduce normal appendix rates13,14. 
The Dutch guideline for diagnosis and treatment of acute appendicitis15 was 
introduced in 2010 and one of its main goals was to reduce this normal appendix 
rate. In a retrospective evaluation in 2001 and 2005 in the Netherlands, the normal 
appendix rate was 16% both in 2001 and 2005, and the use of preoperative imaging 
only 28% and 44% respectively15. Because cross-sectional imaging (ultrasound, CT 
and MRI) have shown to lower this normal appendix rate16-17, a diagnostic algorithm 
with mandatory preoperative imaging was introduced by the guideline. From then, 
a normal appendix found at surgery for suspected appendicitis was considered a 
complication. 

Treatment | Since Fitz4, the surgical removal of the appendix evolved into the gold 
standard of treatment for acute appendicitis and resulted in a huge reduction 
in mortality in patients suffering from acute appendicitis. For almost a hundred 
years, appendectomy through laparotomy was the standard treatment for acute 
appendicitis. The most commonly chosen open approach is using a gridiron 
incision trough the abdominal wall in the right lower quadrant as described by 
Charles McBurney18.

In 1975, Henk de ok performed the first laparoscopy assisted appendectomy 
in the world, but the first complete laparoscopic appendectomy (with the use of 
camera and monitor) was described in 1983 by the gynecologist Kurt Semm19. 
Since then, numerous (randomized) studies were reported comparing the open 
and laparoscopic approach. Publication or selection bias was not rare in these 
studies and often-conflicting results of questionably clinically relevant differences 
were published. Until today, the best surgical approach for acute appendicitis 
remains a debate. The most common complications after an appendectomy are 
of an infectious origin, mainly wound infections and intra-abdominal abscesses. A 
Cochrane review comparing 56 randomized clinical trials concluded that an infection 
of the wound occurs more often after open surgery (3.6% for laparoscopic surgery 

The distal third of the 

appendix is necrotic 

(gangrenous) and is about to 

perforate at the lower border
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and 7.3% for open surgery) and that intra-abdominal abscess formation is more 
frequent after laparoscopy (1.6% and 0.6% respectively)20. However, the clinical 
importance of these observations remains unclear and also the Dutch guideline 
does not clearly advice for the open or laparoscopic approach. Therefore, most 
surgeons still decide for an approach based on their own expertise and judgment.  

In the last decades various technical adjustments were developed mainly for 
the laparoscopic technique. Different closure techniques of the appendicular 
stump for instance with either endoloops or an endostapler were introduced and 
compared21,22. Also, single incision laparoscopic surgery (SILS) was investigated23,24.  
However, these technical modifications and innovations often fail to substantially 
improve outcomes for the patient.

More recently, uncomplicated or simple appendicitis is distinguished from 
complicated or complex appendicitis as two different disease entities12. Simple 
appendicitis is found to be possibly reversible or even self-limiting unlike 
complicated appendicitis that almost always needs (surgical) intervention11. As a 

Algorithm for diagnosis and treatment of acute appendicitis as recommended by the 

eponymous Dutch guideline
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Typical trocar placement in laparoscopic 

appendectomy

result, the reversibility of uncomplicated appendicitis with treatment of antibiotics 
has been successfully investigated in randomized clinical trials25-27 and meta-
analyses28. However, the recurrence rate reported up to 26  in the first year27 makes 
surgeons hesitant to implement the antibiotic treatment as a first line treatment. 
Also, the preoperative distinction between uncomplicated and complicated 
appendicitis is a challenge, even with preoperative cross-sectional imaging27,29,30. 
Therefore, in the etherlands, the first choice of treating acute appendicitis is 
currently still surgical removal of the appendix though more studies are ongoing 
and antibiotic treatment might be offered to patients.

Intra- and postoperative antibiotics | Before or during an operation for acute 
appendicitis, a single dose of antibiotics has proven to reduce the postoperative 
infectious complication rate, mainly in terms of wound infections31. In patients with 
complicated appendicitis, the observed postoperative infectious complication 
rate is much higher than in patients with simple appendicitis without necrosis, 
perforation or extensive purulent peritonitis. After an appendectomy for 
complicated appendicitis, surgery is usually followed by a course of antibiotics 
to reduce postoperative infectious complications, such as wound infection and 
intra-abdominal abscess formation. Because this antibiotic regimen is typically 
administered intravenously for 3-5 or more days, hospital stay is lengthened for 
patients requiring this treatment as opposed to patients with uncomplicated 
appendicitis that often can leave the hospital 1-2 days after the operation. The 
optimal length of the postoperative antibiotic regimen to be effective has not been 
well studied yet.

‘Snapshot’ research | Although appendicitis is a very common pathology, the 
complication rate is usually limited and therefore large numbers of patients are 
needed to reliably investigate possible differences in treatment outcomes. A 
novel study approach to overcome the limitations of large randomized studies 
was introduced in the United Kingdom and was based on a trainee-led regional 
network in general surgery32. These studies comprise nationwide prospective 
registries that allow inclusion of large numbers of patients in a relatively short study 
period. As such, in 2013 the National Surgical Research Collaborative published 
a nationwide study on outcomes of appendectomy for acute appendicitis in the 
UK33. In the Netherlands, we conducted a comparable ‘snapshot’ study to audit 
current surgical treatment outcome of acute appendicitis, the results of which are 
described in this thesis.
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AIM AND OUTLINE OF THIS THESIS

The aims of this thesis are to investigate the current outcomes of surgical treatment 
for acute appendicitis with special emphasis on the duration of the antibiotic 
treatment after an appendectomy for acute complicated appendicitis and technical 
aspects of an appendectomy. 

PART I - ‘Snapshot’ appendicitis | The first part focuses on outcomes from a 
nationwide prospective study for surgical treatment of acute appendicitis in the 
Netherlands. Chapter 1 describes a novel study design (snapshot study) for 
auditing current practice of surgical treatment of acute appendicitis. Chapter 2 
investigates nationwide outcomes of surgery for suspected acute appendicitis 
in adults. In this chapter, several aspects are addressed, with the main focus on 
the normal appendix rate and outcome differences after laparoscopic and open 
approach. In Chapter 3 outcomes of appendectomy in children are presented 
for various age groups. Chapter 4 discusses the role of preoperative imaging to 
prevent unnecessary surgery as a result of the differences in normal appendectomy 
rate between the United Kingdom and the Netherlands.

PART II - Complicated appendicitis | The second part focuses on the treatment 
of complicated appendicitis. The duration of antibiotic treatment after an 
appendectomy for acute complicated appendicitis is investigated and the 
preoperative distinction of uncomplicated and complicated appendicitis is 
discussed. In Chapter 5 outcomes are compared between two neighboring 
hospitals practicing different durations of antibiotic treatment after an 
appendectomy in adults with complicated appendicitis. Chapter 6 investigates 
the length of antibiotic treatment on the development of infectious complications 
after a laparoscopic appendectomy for acute complicated appendicitis. In 
Chapter 7 a scoring system based on clinical features and imaging modalities is 
presented to distinguish uncomplicated from complicated appendicitis in adult 
patients. In Chapter 8, the results of elective laparoscopic appendectomy for 
chronic abdominal right lower quadrant pain are shown.

PART III - Appendix stump closure | The third part discusses the closure of 
the appendicular stump in laparoscopic appendectomy with either endoloops 
or an endostapler device. In Chapter 9 routine appendix stump closure with an 
endostapler device was compared with routine use of endoloops. Chapter 10 
explores the effect of endoloop or endostapler use in laparoscopic appendectomy 
in both acute uncomplicated and complicated appendicitis from a nationwide 
prospective cohort. 

A I M A N D OU TLI N E OF TH I S TH E S I S
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CH A P TE R 1

ABS TR AC T

‘Snapshot’ research is a new multicenter study method that is particularly suited 
to investigate a common condition or treatment. These (mostly observational) 
studies are primarily initiated and conducted by trainees. Because of a good 
research network of these trainees, a large amount of data can be collected in a 
short period while the workload for each participating hospital remains limited. In 
this chapter the various aspects of a ‘snapshot’ study are explained and discussed. 
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‘Snapshot’ research: a novel trainee-led study design

THE ‘SNAPSHOT’ S TUDY METHOD

The National Surgical Research Collaborative published nationwide (British) 
outcomes of acute appendectomy in 2013.1 This study was conducted 
according to a new method; a short, observational audit that was designed and 
conducted by surgical trainees. In a 2-month study period 3326 patients were 
included prospectively in 95 hospitals. This resulted in several publications 
of the collaborative study group including all participating centres and local 
investigators.

In analogue to this British study a prospective, observational ‘snapshot’ study was 
conducted in 62 Dutch hospitals to evaluate and analyse current surgical treatment 
of appendicitis and its outcome. All academic centres (n=8), 84% of general 
community teaching hospitals (n=38) and 41% of the general community non-
teaching hospitals (n=16) participated in this study. Patients (n=1975, both adults 
and children) who were primarily operated for suspected acute appendicitis in the 
months June and July 2014 (preceded by a pilot phase in May in 8 hospitals) were 
included in the study. In each hospital, 1 local investigator was responsible for 
collecting and processing data that were entered anonymous into an electronic 
web-based database. This local investigator was mostly a surgical trainee 
supervised by a consultant (trainer or gastrointestinal surgeon). The investigators 
of the participating centres are co-authors of the published research.

The snapshot  appendicitis study was the first Dutch study that was conducted 
according to this new design and reflects surgical treatment of appendicitis in 
the Netherlands. The main part of Dutch hospitals participated to this ‘snapshot’ 
study and this led to inclusion of 1975 patients in a short study period and a 100% 
complete 30-day follow-up. Appendicitis is very suitable for such study design 
for its frequent appearance and short follow-up needed to evaluate outcome of 
treatment. Active participation of the local investigator in the participating centres 
was warranted because of the very short study period, the observational design 
without need for informed consent and complete paper-free digital case record 
forms. A ‘snapshot’ study design can realise a quick and optimal inclusion of many 
patients although the workload per hospital is limited (in the appendicitis study 
an average of only 32 inclusions per hospital). However, general community non-
teaching hospitals participated less in this study because of absence of trainees 
in these clinics.

CONCLUSION

‘Snapshot’ research is a new effective method to collect a huge amount of 
data about a certain pathology or treatment in a short time frame. This short 
multicentre audit is very suitable to evaluate outcomes and also to recommend 
possible modifications in treatment. The study method facilitates a snapshot  
view of current practice.
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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. o 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). athological 
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    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)

alues in parentheses are percentages. ITT, intention to treat; SI S, 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 ( R 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. n 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 ob ective finding.
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ABS TR AC T

Background | A laparoscopic approach for emergency appendectomy is 
increasingly used, in pediatric patients as well. The aim of this study is to audit 
the current state of diagnostic work-up, surgical techniques and its outcome in 
children with acute appendicitis.

Methods | A prospective consecutive observational cohort study was carried 
out in a 2-month study period. All patients that were operated for suspected 
acute appendicitis were included. Patients under 18 years that underwent an 
appendectomy were analyzed in this study.  Primary outcome was the infectious 
complication rate after open and laparoscopic approach; secondary outcomes 
were the use of preoperative imaging and the normal appendix rate. 

Results | A total of 541 children were operated for suspected acute appendicitis 
in 62 Dutch hospitals, all pediatric hospitals participated. Preoperative imaging 
was used in 98.9% of the children, ultrasound as the only modality was used 
in 92%. The normal appendix rate was 3.1%. In 41.2% an alternative diagnosis 
was confirmed. In 523 children an appendectomy was performed for acute 
appendicitis. Laparoscopy was used in 61% of the patients; conversion rate was 
1.7%. A laparoscopic appendectomy was performed in 35.7% of the children 
under 6 years of age. Complicated appendicitis was diagnosed in 29.4% of 
children. Overall 30 day complication rate was 11.9% and similar after open and 
laparoscopic approach (OR 1.064; 95%CI 0.620-1.828 p=0.462). No difference was 
found in superficial surgical site infections ( R 3.192; 95 CI 0.790-12.91 p=0.087) 
nor in intra-abdominal abscesses (OR 0.987; 95%CI 0.468-2079 p=0.560) between 
the open and laparoscopic approach. In complicated appendicitis more superficial 
surgical site infections were found after open appendectomy (OR 1.030; 95%CI 
0.170-6.242; P=0.020), but no difference in intra-abdominal abscesses (OR 1.051; 
95%CI 0.454-2.434; P=0.535). Complicated appendicitis is an independent risk 
factor for infectious complications.

Conclusion | The laparoscopic approach is most frequently used, except for 
the very young children. Superficial surgical site infections are more frequent 
after open surgery only in patients with complicated appendicitis. The normal 
appendix rate is low, most likely because of routine preoperative imaging.    
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INTRODUC TION

In children, emergency appendectomy is the most performed acute surgical 
procedure1. Two options are available to perform an appendectomy: the open 
approach through a gridiron incision first described by Mc urney2 in 1894, 
and the laparoscopic approach described by de Kok3 in 1977. Almost 25% of 
all appendectomies are performed in children and appendicitis has a lifetime 
incidence of 7-8% with a peak in adolescents4. Diagnostic workup and treatment 
can be different in children and adults. 

Over recent years overall treatment is changing. Laparoscopy is more frequently 
used, but is still not universally accepted as standard of care in the treatment of 
appendicitis in adults and children. In children, a recent meta-analysis showed a 
broad equivalence in uncomplicated appendicitis and an increased risk of intra-
abdominal abscess in laparoscopy in case of complicated appendicitis5. Moreover 
there is an increased use of preoperative imaging in order to reduce the negative 
appendectomy rate and new imaging techniques are implemented.   

Recently the idea is endorsed that, instead of being a progressive disease starting 
with uncomplicated stage and evolving to a complicated form, complicated and 
uncomplicated appendicitis are two different entities6. This has led to new studies 
evaluating the non-operative treatment of uncomplicated appendicitis in children 
as well as adults7,8.

As a part of a nationwide cohort study on surgical treatment of acute appendicitis 
in the Netherlands9 this study’s objectives were to evaluate the national 
guideline and to a assess the variation in practice and outcome in the treatment 
of acute appendicitis in children. Emphasis will be on infectious complications 
and its clinical consequences after open and laparoscopic appendectomy. 

METHODS

Study design | A consecutive observational cohort study (snapshot) was 
performed in hospitals in the Netherlands. All hospitals that provided acute 
surgical care were invited to participate. This included academic, pediatric and 
general community hospitals (teaching and non-teaching). The study was designed 
and led by surgical residents, who together with house officers collected the data.  

All consecutive patients undergoing surgery for suspected acute appendicitis 
were included between June and July 2014. This period was preceded by a pilot 
phase in May in 8 hospitals in the Amsterdam region. Only pediatric patients 
(age below 18 years) were analyzed in this study. Patients were excluded if they 
underwent an elective appendectomy (either interval or as a routine procedure 
for instance in patients with malrotation). Furthermore, patients initially treated 
non-operatively were also excluded, even though some of them underwent a 
subsequent appendectomy. All patients that underwent diagnostic laparoscopy 
without removal of the appendix, or patients that had a different procedure but 
were initially operated for suspected appendicitis were included to evaluate the 
normal appendix rate. Patients were treated according to the local protocol of 
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the participating hospitals, based on the national guideline. No adjustments on 
treatment were imposed for participating hospitals. No additional follow up or 
contribution was asked for the patients.

Primary outcome was complication rate, mainly infectious complications 
(superficial surgical site infection (SSI) and intra-abdominal abscess (IA)) after open 
and laparoscopic appendectomy. Secondary outcomes were use and outcome of 
imaging and normal appendix rate.  SSI was defined as the clinical suspicion for a 
SSI that required additional interventions (either antibiotics or drainage). IA was 
defined as an intra-abdominal fluid collection that required antibiotics or drainage 
procedures (surgical or percutaneous). Ileus was defined as no resumption of diet 
within 5 days10. reoperative definition of complicated appendicitis consisted of 
signs of perforation in the radiology report i.e. free fluid, free air or abscess. Intra-
operative definition of complicated appendicitis consisted of the presence of 
perforation or necrosis of the appendix. 

Data collection |  Data was collected from presentation at the emergency room 
until 30 days after surgery. Data were anonymized and entered into a web-based 
database by a single local investigator. Data were extracted from the electronic 
patient database system, admission charts and operative reports or directly 
from the operating surgeon when details were unclear. To identify complications 
during follow up, the electronic patient database system was monitored to detect 
postoperative attendance to the emergency department, unscheduled outpatient 
clinic visits, hospital readmissions, imaging or intervention. Additional checking 
of admission diagnosis and surgical procedures in the study months identified 
any possible missing patients. 

Statistics | Statistical analysis was performed using SPSS® version 22 (IBM, 
Armonk, New York, USA). All normally distributed variables were analyzed using 
Student s T-test. χ2 test or Fisher s exact test where appropriate were used in 
dichotomous outcomes. Univariable odds ratios were calculated to compare 
complications between laparoscopic and open appendectomy. Analysis was 
performed according to the intention to treat principle and converted patients 
were therefore analyzed in the laparoscopic group. 

 
RESULTS

Included patients | A total of 541 patients were included from 62 Dutch hospitals, 
including all 7 pediatric hospitals. In 17 patients the appendix was peroperatively 
not inflamed (3.1 ), an alternative diagnosis was noted in 7 of them (41.2 ), and 
all of them had preoperative imaging. The appendix from only 7 of the 17 patients 
was removed mainly because of the open approach. Unexpectedly, in 3 of these 
patients the pathology report stated simple appendicitis. One of the patients with 
an acute appendicitis was treated without appendectomy, leaving a total of 523 
patients that underwent an appendectomy for suspected appendicitis (Figure 1). 
The outcomes of these procedures were examined.
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Preoperative data and imaging | Demographic and imaging characteristics are 
displayed in Table 1. The majority of the children were boys (60%) and the median 
age was 12 years old. As expected, appendicitis under the age of 6 was rare; 
only 28 patients (5.4%). The majority was treated in a general community hospital, 
teaching or non-teaching (91.6%). 8.4% in a pediatric (academic) hospital, of which 
16.1% children under the age of 6.

In nearly all patients preoperative imaging was performed, (98.9%). Ultrasound 
was used as the only imaging modality in 92%. Complementary CT-scan or MRI 
scan was obtained in 1.3% and 5.4% respectively. Complicated appendicitis was 
suspected preoperatively in 14.9% of the patients. An inconclusive result from 
preoperative imaging was in 9.1% of patients.

541 children operated for  
suspected appendictis

17 appendix not inflamed
(7/17 other diagnosis) 524 acute appendicitis 

7 appendix removed 
(2 laparoscopic) 
7 diagnostic laparoscopy 
1 mucocele  
1 meckels diverticulum 
1 necrotic omentum

1 large infiltrate, 
no resection

523 appendectomy for  
acute appendicitis

FIGURE 1

Intraoperative data | Intraoperative data are displayed in Table 2. A laparoscopic 
appendectomy was performed in 319 children (61%), although in 1.7% of these 
procedures it was necessary to convert to open appendectomy. The distribution 
of the application of laparoscopy for each age group is as follows: 35.7% of children 
under 6, between 6 and 11 years in 49.5% and in 72.1% of children between 12 and 
18 years. Conversion rates were 0%, 1.4% and 2.1% respectively.  

A laparoscopic operation was performed in 56.4% of the boys and in 67.9% of the 
girls.

In patients with preoperative suspicion of simple appendicitis on imaging, 83.7% 
were diagnosed with simple appendicitis during operation.  In patients with 
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Total
N=523

Laparoscopy
(ITT)
N=319

Open
N=204

P*

Age 

    0-5

    6-11

    12-17

28 (5.4)

212 (40.5)

283 (54.1)

10 (3.1)

105 (32.9)

204 (63.9) 

18 (8.8)

107 (52.5)

79 (38.7)

<0.001

Gender 

    Male 

    Female

314 (60.0)

209 (40.0)

177 (55.5)

142 (44.5)

137 (67.2)

67 (32.8)

0.005

Day since onset complaints 
(median)

    <3 days
    ≥ 3 days  
    missing

401 (76.7)

112 (21.4)

10 (1.9)

240 (77.4)

70 (22.6)

161 (79.3)

42  (20.7)

0.347

Institution 

   Academic/Children’s hospital

   Community

44 (8.4)

479 (91.6) 

32 (10.0)

287 (90.0)

12 (5.9)

192 (94.1)

Imaging

    Ultrasound only

    Ultrasound + CT scan

    Ultrasound + MRI scan

    MRI only

    No imaging

 
 
 
481 (92.0)

7 (1.3)

28 (5.4)

1 (0.2)

6 (1.1)

 
 
 
288 (90.3)

6 (1.9)

20 (6.3)

1 (0.3)

4 (1.3)

 
 
 
193 (94.6)

1 (0.5)

8 (3.9)

0 (0)

2 (1.0)

 
 
 
0.399

Imaging conclusion

    Uncomplicated

    Complex

    Not conclusive

293 (76.0)

77 (14.9)

47 (9.1)

238 (75.6)

40 (12.7)

37 (11.7)

155 (76.7)

37 (18.3)

10 (5.0) 

0.012

TABLE 1 Demographics and imaging

Values in parentheses are percentages 

*χ2 test or Fisher s exact test where appropriate
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Total

N=523

Laparoscopic

N=319

Open

N=204

P*

Conversion 9 (1.7)

Surgeon

   Consultant or resident  
under supervision

   Resident alone

452 (86.4)

71 (13.6)

274 (85.9)

45 (14.1)

178 (87.3)

26 (12.7)

0.380

Operating time  
(mean, minutes)

39.3 42.9 33.4 0.001#

Hospital stay  (median, days)

    Range

2

1-30

2

1-16

2

1-30

0.473# 
 
 

Intraoperative diagnosis

   Uncomplicated

   Complicated

369 (70.6)

154 (29.4)

224 (70.2)

95 (29.8)

145 (71.1)

59 (28.9)

0.457 
 
 

Antibiotics

    No prohylaxis

    Intraoperative

    continued

   12 (2.3)

374 (71.5)

137 (26.2)

   9 (2.8)

227(71.2)

83 (26.0)

  3 (1.5)

147 (72.1)

54 (26.5)

  0.603

Histology

   Normal

   Simple

   Necrosis

   Perforation

   Neoplasm

   Other

   No pathology

 
 
 
14 (2.7)

404 (77.2)

42 (8.0)

43 (8.2)

3 (0.6)

9 (1.7)

8 (1.5)

 
 
 
12 (3.8)

244 (76.5)

26 (8.2)

23 (7.2)

2 (0.6)

5 (1.6)

7 (2.2)

 
 
 
2 (1.0)

160 (78.4)

16 (7.8)

20 (9.8)

1 (0.5)

4 (2.0)

1 (0.5)

 
 
0.302

 
 
 
 
 
 
 
 
 
 
 

TABLE 2 Operative data

Values in parentheses are percentages 

*χ2 test or Fisher s exact test where appropriate
#Mann-Whitney U test
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preoperative suspicion of complicated appendicitis on imaging, 71.4% were 
diagnosed with complicated appendicitis during operation. 

Intraoperatively, in 29.4% of the patients, complicated appendicitis was diagnosed. 
In 5.2% of patients with complicated appendicitis undergoing a laparoscopic 
appendectomy conversion was necessary.

Complicated appendicitis was diagnosed significantly more frequent in children 
< 6 years old compared to children 6 to 11 years old and between 12 and 18 years 
old; 67.9  vs 29.7  vs 25.4  respectively ( <0.001).  

The overall complication rate after an appendectomy for acute appendicitis 
was 11.9% during the 30-day follow-up. The rates between laparoscopic and 
open approaches were comparable (OR 1.064; 95% CI 0.620-1.828; P=0.462). In 
complicated appendicitis overall complication rate was 28.6% (OR 7.800; 95% CI 
4.329-14.053; P=0.001)

Infectious complications | After an appendectomy the overall rate of SSI was 
1.7%, of IA was 5.9% and of an ileus was 2.5%.  In Table 3, the overall complication 
rate for laparoscopic and open appendectomy is displayed. No statistical 
difference could be detected for SSI, 0.9% versus 2.9% (OR: 3.192; 95%CI: 0.790-
12.91; =0.087). There was also no significant difference in IA, 6.0  versus 5.9  
respectively (OR: 0.987; 95%CI: 0.468-2.079; P=0.560), nor could it be detected in 
ileus, 2.2% versus 2.9% (OR: 1.351; 95%CI: 0.447-4.077; P=0.395). 

e have displayed the outcome in specific disease severity group in Table 4. 
In complicated appendicitis the overall rate of SSI was 2.6%, of IA was 18.2% 
and of an ileus was 8.4% of the patients. We noticed that the SSI rate in the 
laparoscopic appendectomy group was significantly lower compared to the open 
appendectomy group; 0% versus 6.8% (OR: 1.030; 95%CI: 0.170-6.242; P=0.020). 
No statistical difference was found for IA; 17.9%versus 18.6% (OR: 1.051; 95%CI: 
0.454-4.434; P=0.535), nor for ileus, 7.4% versus 10.2% (OR: 1.423; 95%CI: 0.454-
4.461; P=0.372).

Factors of increasing the risk of any infectious complication are listed in Table 5. 
Children under 6 had a higher chance of developing an IA (P=0.002). No difference 
in infectious complications was found in the other age groups.

In binary logistic regression analysis no difference was found in overall incidence of 
surgical site infections (OR: 0.313; 95% ci: 0.77-1.267; P=0.104) or intra-abdominal 
abscesses (OR: 1.013; 95%CI: 0.481-2.135; P=0.972) between the laparoscopic or 
open approach. 

In multivariate analysis, complicated appendicitis shows to be the only independent 
risk factor for any infectious complication, Table 6. 
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Total Laparoscopic Open Odds ratio 95% CI P*

Any complication 62 (11.9)  37 (11.6) 25 (12.3) 1.064 0.620-1.828 0.462

Infectious complication

     Any infectious 

     Superficial surgical 
     site infection 

     Intraabdominal  
     abscess

 
 
39 (7.5)

9 (1.7)

 
31 (5.9)

 
 
22 (6.9)

3 (0.9)

 
19 (6.0)

 
 
17 (8.3)

6 (2.9)

 
12 (5.9)

 
 
2.364

3.192

 
0.987

 
 
0.633-2.364

0.790-12.91

 
0.468-2.079

 
 
0.331

0.087

 
0.560

Ileus 13 (2.5) 7 (2.2) 6 (2.9) 1.351 0.447-4.077 0.395

Hospital re-admittance 30 (5.7) 20 (6.3) 10 (4.9) 1.682 0.353-1.682 0.326

Re-operation 13 (2.5) 10 (3.1) 3 (1.5) 0.461 0.125-1.696 0.184

TABLE 3 Overall 30-day complications

Values in parentheses are percentages

*χ2 test or Fisher s exact test where appropriate

Total Laparoscopic Open Odds ratio 95% CI P*

Any complication 44 (28.6) 25 (26.3) 19 (32.2) 1.330 0.653-2.710 0.466

Infectious  
complication

     Any infectious 

     Superficial   
     surgical site 
     infection
     Intra-abdominal  
     abscess

 
 
 
32 (20.8)

 
4 (2.6)

 
28 (18.2)

 
 
 
17 (17.9)

 
0 (0.0)

 
17 (17.9)

 
 
 
15 (24.4)

 
4 (6.8)

 
11 (18.6)

 
 
 
1.564

 
1.030

 
1.051

 
 
 
0.712-3.435

 
0.170-6.242

 
0.454-2.434

 
 
 
0.180

 
0.020

 
0.535

Ileus 13 (8.4) 7 (7.4) 6 (10.2) 1.423 0.454-4.461 0.372

Hospital re-admittance 21 (13.6) 14 (14.7) 7 (11.9) 0.779 0.295-2.058 0.401

Re-operation 10 (6.5) 8 (8.4) 2 (3.4) 0.382 0.078-1.862 0.187

TABLE 4 30-day complications in complicated appendicitis

Values in parentheses are percentages 
*χ2 test or Fisher s exact test where appropriate

03



60

CH A P TE R 3

DISCUSSION

This national cohort study shows that there was no significant overall difference 
in SSI and IA between the laparoscopic and open approach in children with acute 
appendicitis. However we found a significant difference in infectious complications 
between complicated and simple appendicitis. Our study shows less SSI in the 
laparoscopic approach with no increase in the IA for patients with complicated 
appendicitis. Complicated appendicitis is identified as the sole risk factor for any 
infectious complication.

SSI P IA P

Approach

    Laparoscopic

    Open

3 (0.9)

6 (2.9)

0.087 19 (6.0)

12 (5.9)

0.566

Age 

    0-5

    6-11

    12-17

1 (3.6)

5 (2.4)

3 (1.1)

0.448 6 (21.4)

12 (5.7)

13 (4.6)

0.002

Gender 

    Male 

    Female

6 (1.9)

3 (1.4)

17 (5.4)

14 (6.7)

0.334

Day since onset complaints (median)

    <3 days
    ≥ 3 days  

6 (1.5)

3 (2.5)

0.352 13 (3.2)

18 (14.8)

0.001

Migration of pain

    Yes

    No

3 (1.4)

6 (2.0)
0.753

8 (3.8)

22 (7.5)
0.223

Temperature

     37.4
    >37.4

3 (1.2)

5 (2.0)
0.632

7 (2.9)

23 (9.2)
0.100

Leucocytes (mmol/ml)

     13.6 
    > 13.6

1 (0.5)

8 (2.5)

0.219 7 (3.5)

24 (7.5)

0.142

CRP

     39
    > 39

3 (1.0)

6 (2.9)

0.235 5 (1.6)

26 (12.6)

0.001

TABLE 5 Infectious complication causes
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Imaging conclusion

    Uncomplicated

    Complicated

    Not conclusive

5 (1.3)

4 (5.2)

0 (0)

0.035 13 (3.3)

13 (16.9)

4 (8.5)

0.001

Intra operative diagnosis

    Complicated

    Simple

4 (2.6)

5 (1.4)

0.256 28 (18.2)

4 (0.8)

0.001

Surgeon

    Consultant or resident with supervision

    Resident alone

9 (2.0)

0 (0.0)

0.266 28 (6.2)

3 (4.2)

0.371

Operating time

    < 60 minutes
    ≥ 60 minutes
   Missing

8 (1.9)

1 (1.6)

0

0.714 18 (4.2)

9 (14.8)

4 (11.4)

0.002

Antibiotics

    No

    erioperative <24h
    Prolonged for complex appendicitis

0 (0.0)

5 (1.3)

4 (2.9)

0.427 0 (0.0)

3 (0.8)

28 (20.4)

0.001

SSI P IA P

Values in parentheses are percentages

SSI: superficial surgical site infection. IA: intra-abdominal abscess
*χ2 test or Fisher s exact test where appropriate

OR 95%CI P

Approach 0.900 0.409-1.982 0.794

Age<6 2.614 0.829-8.241 0.101

Complicated Appendicitis 10.770 3.978-29.157 0.001

Imaging results 1.856 0.815-4.229 0.141

TABLE 6 Multivariable logistic regression analysis
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This is in contrast to the Cochrane review that reports a slightly lower incidence 
of superficial surgical site infections in the laparoscopic technique but no reliable 
data for intra-abdominal abscesses11. It is also in contrast with the results in 
adult patients, reporting a higher rate of SSI in open surgery9. Our results are 
comparable with other studies mentioning that the surgical approach does 
not affect the incidence of intra-abdominal abscesses, but the severity of the 
appendicitis (simple versus complicated) does12. 

We showed a low normal appendix rate. This is most likely due to the high level 
of preoperative imaging and accuracy. The Dutch appendicitis guideline was 
implemented in 2010. In our study, the first post guideline, almost all children 
had preoperative imaging and, in accordance with these national guidelines, 
ultrasound was most commonly used.  Before implementation of the guidelines 
a baseline survey showed a normal appendix rate of 15.9%, it also showed that 
preoperative imaging was performed in only 44.2%13. Although appendicitis 
scoring systems like the Alvarado score can be of aid, they are known to be 
inaccurate in children14. 

CT and, in children, mainly MRI are known for high sensitivity to in and exclude 
acute appendicitis15,16. But costs, radiation exposure with potential negative 
effects from CT-scan and availability need to be considered.  New combined 
diagnostic strategies are being developed to increase sensitivity as far as possible 
with respect to cost and availability17. 

In 50% of children with a peroperative normal appendix the preoperative imaging 
was inconclusive for appendicitis, therefore surgery can be seen as part of the 
diagnostic algorithm.     

Our study is in line with other studies that showed that decreasing age comes with 
an increase in complicated appendicitis, this could be because of a diagnostic 
challenge in very young children18,19, or because complicated appendicitis is a 
different entity and more frequently seen in young children. As a consequence 
the IA rate is also profoundly increased in this group. 

Our study shows that although the majority of all children are operated 
laparoscopically, the open approach is mostly applied in children under 6 years 
old. The difference in approach in the youngest age group might be because 
of use of specific pediatric instruments, or expected difficulty of procedures.   
 
Although the laparoscopic approach has therapeutic and diagnostic advantages 
in the general population20,21, in young children these advantages have so far never 
been proved although faster recovery is frequently reported in laparoscopy22.

Nowadays complicated appendicitis is believed to be a different entity than 
simple appendicitis6.  In this cohort 28.7  of cases were defined as complicated 
appendicitis, and it was the only independent risk factor for infectious complications. 
Complicated appendicitis was equally divided between laparoscopic and open 
approach, as was the preoperative suspicion of complicated appendicitis on 
imaging and the final histological conclusion. In complicated appendicitis a 
higher rate of SSI was found in the open technique, but no difference in IA. In our 
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opinion this is explained by the fact that during open appendectomy the layers 
of the abdominal wall are exposed to the inflamed appendix and in some cases 
also purulent fluid. In the laparoscopic approach the abdominal wall is protected. 
Other complications were equally distributed. Overall conversion rate was very 
low, 1.7%, and in complicated appendicitis a 5.2% conversion rate is much lower 
than historical cohorts reported23,24, this could be because in these historical 
cohorts surgeons may still have been in there learning curve. 

More and more studies are being published on conservative treatment of acute 
appendicitis, comparing initial non-operative treatment with antibiotics versus 
appendectomy in uncomplicated appendicitis, which proves to be a safe option7.  
In order to start the right treatment regime, correct preoperative discrimination 
between uncomplicated and complicated appendicitis with the help of imaging 
studies is crucial. In this prospective cohort study all consecutive children 
undergoing appendectomy for suspected acute appendicitis were included. This 
provides a veracious overview of the current treatment of appendicitis and the 
complications of appendectomy for acute appendicitis, whereas randomized 
trials use strict in and exclusion criteria. The downsides of this cohort study, a wide 
variety of treatment modalities were used in the participating centers, and the risk 
of inter observer variation due to the multiple operating surgeons were minimized 
by the appointment of one local researcher. This local researcher was responsible 
for data collection and entry. 

Our study shows that laparoscopic approach in pediatric appendicitis is safe, 
with no overall differences in infectious complications compared to the open 
approach. 

The routine use of preoperative imaging, as dictated by national guidelines, most 
likely results in a low normal appendix rate in children and although imaging 
accuracy was acceptable, it needs to be improved in order to safely expand 
studies of antibiotic treatment regimes. 

Complicated appendicitis is identified as the only independent risk factor for 
infectious complications and the laparoscopic, when compared to the open 
approach in complicated appendicitis, causes less SSI and an equal incidence of 
IA.
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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 ustified 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 | ver 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 orth 
American studies, high use of cross-sectional imaging is associated with reduced 
normal appendectomy rates6-8. 
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B 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. ltrasound 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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Background | Antibiotic treatment after appendectomy for complicated appen-
dicitis aims to reduce postoperative infections. However, available data on the 
duration of treatment are limited. This study
compared the difference in infectious complications between two protocols, in-
volving either 3 or 5 days of postoperative antibiotic treatment.

Methods | This was an observational cohort study of all adult patients who had 
an appendectomy between January 2004 and December 2010 at either one of 
two hospitals in the same region. At location A, the protocol included 3 days of 
postoperative antibiotic treatment, whereas at location  it specified 5 days. The 
primary outcome was the development of postoperative infections as either su-
perficial wound infection or deep intra-abdominal infections.

Results | A total of 1143 patients with acute appendicitis underwent appendec-
tomy, of whom 267 (23.4 per cent) had complicated appendicitis. The duration of 
postoperative antibiotic treatment was 3 days in 135 patients (50.6 per cent) and 
at least 5 days in 123 (46.1 per cent). No difference was found between antibiotic 
treatment for 3 or 5 days in terms of developing an intra-abdominal abscess (odds 
ratio ( R) 1.77, 95 per cent confidence interval 0.68 to 4.58; P = 0.242) or a wound 
infection (OR 2.74, 0.54 to 13.80; P = 0.223). In patients with complicated appen-
dicitis, the laparoscopic approach was identified as a risk factor for developing an 
intra-abdominal abscess in univariable analysis (OR 2.46, 1.00 to 6.04; P = 0.049), 
but was not confirmed as an independent risk factor for this complication in mul-
tivariable analysis (OR 2.32, 0.75 to 7.14; P = 0.144).

Conclusion | After appendectomy for complicated appendicitis, 3 days of antibi-
otic treatment is equally effective as 5 days in reducing postoperative infections.
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INTRODUC TION

Acute appendicitis is still the most common intraabdominal infection requiring 
surgical intervention. Definitions of severity can be assigned to acute appendicitis, 
but grossly the disease can be divided into two entities: uncomplicated or non-per-
forated, or complicated disease with perforation of the appendix or the presence 
of purulent peritonitis. Several randomized clinical trials1,2 have shown the feasi-
bility of antibiotic treatment alone for uncomplicated appendicitis, although it is 
associated with considerable recurrences requiring appendectomy within 1 year. 
Therefore, appendectomy is still considered the treatment of choice for acute ap-
pendicitis. The most frequent complication after appendectomy is infection, seen 
as wound infection (3.6 per cent for laparoscopic surgery and 7.3 per cent for 
open surgery) and intra-abdominal abscess (1.6 and 0.6 per cent respectively)3. 
The latter is often associated with readmission and need for reintervention. As ex-
pected, these complications are more frequent after complicated appendicitis4.  
 
Perioperative administration of antibiotics has been proven to reduce the num-
ber of infectious complications in acute appendicitis5. Complicated appendici-
tis is commonly treated by a prolonged antibiotic regimen, although there is no 
consensus on the exact duration. American guidelines6 advise restriction of post-
operative antibiotic treatment of complicated intra-abdominal infections to 4–7 
days. Continuing antibiotics for more than 5 days does not provide further ben-
efit, although the available evidence is restricted mainly to children7–9. Currently, 
many clinics continue antibiotic treatment for between 3 and 5 days after surgery 
for complicated appendicitis depending on local protocols. However, there is 
only limited evidence available on duration of antibiotic treatment after appen-
dectomy for complicated appendicitis in adults. This study compared outcomes 
between two hospitals practising different durations of antibiotic treatment in 
adults with complicated appendicitis.

METHODS

All adult patients who underwent surgery at Tergooi Hospital for suspected acute 
appendicitis between January 2004 andDecember 2010 were included. Tergooi 
Hospital is a general community teaching hospital situated in the centre of the 
Netherlands; it has two locations less than 7 km apart at Hilversum and Blaricum 
(location A and B rspectively). Hospital referral is based on the postal code of the 
patients. Although the hospitals are not far apart, both had their own region of 
care in the study interval.
  
A laparoscopic or open approach was selected by the operating surgeon. In lapa-
roscopic appendectomy, three trocars were used and the appendix was removed 
by means of a linear stapling device. Patients who underwent conversion from a 
laparoscopic to an open approach were analysed in the laparoscopic group ac-
cording to the intention-to-treat principle.
 
All patients received a single intravenous dose of cefamandole (1000 mg) and 
metronidazole (500 mg) as antibiotic prophylaxis before induction of anaesthesia. 
For complicated appendicitis, defined as a perforation of the appendix before 
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or during operation, or appendicitis in the presence of purulent peritonitis, anti-
biotic treatment was continued for 3 or 5 days after surgery, depending on hos-
pital. The therapeutic antibiotic regimen was cefuroxime (750mg 3 times daily) 
and metronidazole (500mg 3 times daily), administered intravenously. During the 
study interval, the standard duration of antibiotic treatment was 3 days at location 
A and 5 days at location B.

Data collection | The patients’ charts, operative reports and discharge letters 
were reviewed for the presence of complicated appendicitis or prolonged post-
operative antibiotic treatment. The primary endpoint was development of a clin-
ically relevant infectious complication, namely an intra-abdominal abscess or 
wound infection for which readmission, reintervention or antibiotic treatment was 
necessary.Only in- hospital data were registered; outpatient clinic data were not 
retrieved. The STrengthening the Reporting of Observational studies in Epidemi-
ology (STROBE) statement checklist10 was used in this observational cohort study 
and for preparing the manuscript.

Statistical analysis | After assessing the data distribution, normally distributed 
variables were analysed using Student’s t test. Comparison of the length of hospi-
tal admission was done by Mann–Whitney U test. The distribution of dichotomous 
outcomes was compared using the χ2 test. To identify risk factors for infectious 
complications, univariable odd ratios (ORs) were calculated using logistic regres-
sion analysis for each variable. A multivariable logistic regression model was car-
ried out for duration of antibiotic regimen and surgical approach, including all 
variables with P <0.200 in univariable analysis. Finally, sensitivity analyses were 
performed that excluded all patients who did not receive the antibiotic regimen 
specified in the protocol. P <0.050 was considered statistically significant. Statis-
tical analyses were done using SPSS® version 20 (IBM, Armonk, New York, USA).

RESULTS
 
Between January 2004 and December 2010, 1232 adult patients underwent sur-
gery for suspected appendicitis. In 89 patients the appendix was not infected or 
another diagnosis was found as the primary cause; 1143 patients with an intraop-
erative diagnosis of acute appendicitis underwent appendectomy. Of these, 597 
procedures were performed at location A and 546 at location B. Half of
the patients were men, mean age was 42 years and mean duration of hospital 
admission was 3.7days.
 
An open appendectomy was done more frequently than a laparoscopic procedure 
(655 versus 488; 7.4 per cent converted). The laparoscopic technique was introduced 
from the end of 2006, and this technique prevailed during the final years. Mean oper-
ating time was 51 min, 43 min for open surgery and 61 min for laparoscopic surgery. 
 
Infectious complications developed following appendectomy in 4.6 per cent of 
patients; 3.1 per cent developed an intra-abdominal abscess and 2.0 per cent a 
wound infection. A laparoscopic approach was identified as a risk factor for devel-
opment of an intra-abdominal abscess ( R 2.06, 95 per cent confidence interval 
1.04 to 4.10; P =0.039). An open approach proved to be a risk factor for wound 
infections (OR 3.62, 1.22 to 10.69; P =0.020).
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Complicated appendicitis | Complicated disease in 267 patients (23.4 per cent) 
was treated after surgery with either 3 or 5 days of antibiotics, according to the 
local protocol. Baseline characteristics of patients with complicated appendicitis 
are shown in Table 1. Complicated appendicitis was a risk factor for infectious 
complications compared with uncomplicated disease (OR 3.59, 2.04 to 6.29; P 
<0.001). In the event of complicated appendicitis, the antibiotic regimen was pro-
longed for 3 days in 135 patients (50.6 per cent) and 5 days or more in 123 patients 
(46.1 per cent). Antibiotic treatment lasted longer than 5 days in seven patients at 
location B. In nine patients (3.4 per cent) the exact duration of antibiotics could 
not be retrieved. The median duration of hospital admission was 4 and 6 days in 
patients who received antibiotics for 3 and 5 days respectively (P <0.001).

 
Among the patients with continued antibiotic treatment because of complicated 
disease, 21 (7.9 per cent) developed an intra-abdominal abscess and nine (3.4 per 
cent) a wound infection. The intraoperative diagnosis in those who developed an 
abscess was perforation at the start of surgery in 20 patients and purulent peri-
tonitis in one. No difference was found between antibiotic treatment for 3 or 5 
days in terms of developing an infectious complication. This was the case for both 
intra-abdominal abscesses (OR 1.77, 0.68 to 4.58; P =0.242) (Table 2) and wound 

Total

(n = 267)

Location A 

(n = 126)

Location B 

(n = 141)

P*

Mean age (years) 49 51 46 0.062†

Sex ratio (M : F) 142 : 125 70 : 56 72 : 69 0.539

Appendectomy

   Open

   Laparoscopic

   Converted laparoscopy           

180 (67.4)

87 (32.6)

19 (22)

54 (42.9)

72 (57.1)

19 (26)

126 (89.4)

15 (10.6)

0 (0)

< 0.001
< 0.001
0.003

Mean operating time (min)

   Open

   Laparoscopic  

52

77

74

82

42

53

< 0.001

< 0.001

Type of complicated disease   

   Preoperative perforation 

   Intraoperative perforation 

   Purulent peritonitis

212 (79.4)

22 (8.2)

33 (12.4)

101 (80.2)

8 (6.3)

17 (13.5)

111 (78.7)

14 (9.9)

16 (11.3)

0.522

TABLE 1 Baseline characteristics of complicated appendicitis

Values in parentheses are percentages. *χ2 test and 

†Student’s t test.
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infections (OR 2.74, 0.54 to 13.80; P =0.223). 
In univariable analysis, laparoscopy was identified as a statistically significant fac-
tor for abdominal abscess formation (P =0.049). However, laparoscopy was not an 
independent risk factor for any infectious complication in multivariable analysis. 
 
In 16 of 126 patients treated at location A the specified 3-day antibiotic treatment 
period was prolonged for 2 days (total 5 days) because clinical findings were sug-
gestive of infectious complications. Two of these patients developed an intra-ab-
dominal abscess. Because the prolonged antibiotic treatment in these patients 
was not in accordance with the local protocol, these patients were excluded from a 
sensitivity analysis. In this analysis, comparable results were found for the effect of 
duration of antibiotic treatment (3 versus 5 days) on development of any infectious 
complication (OR 1.92, 0.76 to 4.85; P =0.168), a wound infection (OR 2.44, 0.48 to 
12.35; P =0.280) or an intra-abdominal abscess (OR 2.17, 0.75 to 6.30; P =0.153).  
 
In addition, some patients at location B received postoperative antibiotics for a 
shorter or longer time (3 days or more than 5 days) than the 5 days specified in 
the protocol. These patients were excluded from the final analysis together with 
those who received prolonged antibiotic treatment at location A. o significant 
differences were found for the impact of duration of antibiotic treatment (3

Prevalence in 
the first  
group (%)

All infectious complications Intra-abdominal abscess

Odds ratio P Odds ratio P

Antibiotic treatment 
(3 versus 5 days)*

50.6 1.70 (0.72, 4.01) 0.223 1.77 (0.68, 4.58) 0.242

Sex (M versus F) 53.2 1.03 (0.46, 2.32) 0.943 1.19 (0.48, 2.30) 0.705

Age (> 50 versus < 
50 years)

39.7 0.94 (0.41, 2.17) 0.892 1.08 (0.43, 2.69) 0.876

Operator (resident 
versus surgeon)

52.4 1.07 (0.47, 2.40) 0.879 1.23 (0.50, 3.02) 0.653

Location  
(A versus B)

47.2 1.34 (0.60, 3.03) 0.475 1.91 (0.77, 4.78) 0.165

Approach  
(laparoscopic  
versus open)†

32.6 1.90 (0.84, 4.30) 0.125 2.46 (1.00, 6.04) 0.049

TABLE 2 Univariable logistic regression analysis of risk factors for all infectious compli-
cations and intra-abdominal abscesses after appendectomy for complicated appendicitis

alues in parentheses are 95 per cent confidence intervals. *In multivariable logistic regression analysis, antibiotic 
treatment (3 versus 5 days) corrected for location and approach yielded an odds ratio of 1.56 (95 per cent c.i. 0.53 to 

4.6; P = 0.215) for all infectious complications and 1.13 (0.33 to 3.85; P = 0.844) for intra-abdominal abscess formation. 

In multivariable analysis, approach (laparoscopic versus open) was no longer a significant risk factor for intra-ab-

dominal abscess formation, with an odds ratio of 2.32 (0.75 to 7.14; P = 0.144).
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versus 5 days) on development of any infectious complication (OR 1.92, 0.68 to 
5.40; P =0.219), a wound infection (OR 1.50, 0.25 to 9.18; P =0.661) or an intra-ab-
dominal abscess (OR 2.63, 0.80 to 8.71; P =0.112).

3 days 5 days 6 days 7 days 8 days 10 days Total

Location A 101 16 0 0 0 0 117

Location B 34 100 1 3 1 2 141

Total 135 116 1 3 1 2 258

APPENDIX 1 Duration of antibiotic treatment in complicated appendicitis

In nine patients the exact duration of antibiotic treatment could not be retrieved.

DISCUSSION

This study found no difference in the rate of infectious complications between 
antibiotic treatment of perforated appendicitis for 3 or 5 days. Available data 
on duration of treatment are limited, with only one randomized clinical trial in 
adults comparing the duration of antibiotic administration11.That study reported 
no additional benefit from standard treatment with antibiotics for at least 5 days 
compared with antibiotic treatment based on the clinical course; the mean anti-
biotic duration was 5.9 versus 4.3days, with infectious complication rates of 13 
versus 12.5 per cent respectively. Other investigations of the optimal duration of 
antibiotic treatment in perforated appendicitis are scarce and limited mainly to 
children7–9. In most paediatric studies, a duration of more than 5 days has been 
compared with antibiotic treatment for 5 days9. 
 
Almost all patients who developed an intra-abdominal abscess after prolonged 
antibiotic treatment in this study (20 of 21) had perforation as an intraoperative 
diagnosis at the start of surgery, rather than purulent peritonitis or gangrenous 
appendicitis with perforation on manipulation during surgery. This is in line with 
previous findings that patients with a perforated appendix are at a much higher 
risk of postoperative abscess formation than patients with a non-perforated, pu-
rulent or gangrenous appendix12.
 
In the present cohort, patients who had a laparoscopic appendectomy more fre-
quently developed intraabdominal abscesses than those who underwent open 
appendectomy. This confirmed previous findings3,13, although the cause is still not 
fully understood. However, for the subgroup of patients with complicated appen-
dicitis, laparoscopy was not a risk factor in multivariable analysis.
This implies that a laparoscopic approach can still be used in patients with preop-
erative suspicion of complicated appendicitis without the risk of infectious com-
plications.
 
The type of stump closure in laparoscopic appendectomy has been shown to 
influence postoperative infectious complications, with the evidence favouring 
endostapling14,15. In the present cohort, all appendiceal stumps were closed with 
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a stapling device in laparoscopic procedures. The conversion rate among compli-
cated cases attempted laparoscopically was relatively high, probably
because the study was carried out at the time when the laparoscopic approach 
was introduced.
 
This study included only clinically relevant in-hospital infectious complications 
(intra-abdominal abscess and wound infection) that altered the treatment, such 
as readmission, reintervention or antibiotic treatment. Therefore, the number of 
such complications is probably under-reported; this applies especially to wound 
infections, which can often be treated in the outpatient clinic. However, any un-
derestimation of the complication rate would be expected to apply equally to 
both groups. Moreover, reinterventions such as percutaneous drainage without 
the need for readmission were registered, because these were recorded in the 
electronic patient database.
 
The length of hospital stay was significantly shorter in patients who received an-
tibiotics for 3 days compared with treatment for 5 days. Although no cost analy-
sis was performed, lower costs can be expected with a 3-day antibiotic regimen. 
Some clinics switch their antibiotic regimen from intravenous to oral administra-
tion if possible, to reduce hospital stay. This was not done in the authors’
clinic owing to the choice of antibiotics, resulting in a longer hospital stay for the 
5-day group.
 
This is a retrospective study, which has its limitations and risk of bias. For example, 
the open and laparoscopic approaches were not divided equally between the 
two locations. On the other hand, a laparoscopic approach was a risk factor for 
intra-abdominal abscess development and this approach was chosen more often 
at location A, where a 3-day antibiotic regimen was used. Despite the shorter 
regimen in this hypothetically ‘high-risk’ group, infectious complications were not 
increased compared with the rate in the 5-day group.
 
At both locations the duration of antibiotic treatment in some patients differed 
from that specified in the local protocol. The sensitivity analyses carried out to 
account for both protocol violations (either lengthening or shortening of antibi-
otic duration) yielded results comparable to those of the main analyses. Finally, 
owing to the proximity of the two hospitals, the study groups were well matched. 
During the time frame of this study, the surgical departments of the two hospitals 
already worked together on many levels, although each department still had its 
own protocols. These hospitals and their surgical departments have now merged, 
resulting in a standard antibiotic treatment of 3 days for complicated appendicitis
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ABS TR AC T

Importance | Optimal duration of antibiotic treatment to reduce infectious compli-
cations after an appendectomy for acute complicated appendicitis remains unclear. 

Objective | To investigate the effect of antibiotic length on infectious complica-
tions after laparoscopic appendectomy for acute complicated appendicitis.

Design, setting and participants | National multicenter prospective, observa-
tional, surgical resident-led cohort study conducted in June and July 2014. This 
study involved academic teaching hospitals (n = 8), community teaching hospitals 
(n = 38), and community nonteaching hospitals (n = 16), and all consecutive pa-
tients (n = 1975) who underwent surgery for suspected acute appendicitis.

Exposure | Patients treated laparoscopically for whom the antibiotic regimens 
were prolonged postoperatively because of complicated appendicitis. 

Main Outcome and Measure | Receiving either 3 or 5 days of antibiotic treatment 
as planned and additional variables were explored as risk factors for infectious 
complications using regression analyses.

Results | A total of 1975 patients were included in 62 participating Dutch hospi-
tals; 1901 (96.3%) of these underwent an appendectomy for acute appendicitis 
and laparoscopy was used in 74.4%of these patients (n = 1415). In 415 laparoscop-
ically treated patients, antibiotic treatment was continued for more than 24 hours 
because of acute complicated appendicitis (29.3%). The prescribed antibiotic du-
ration varied between 2 and 6 days in all of these patients. In 123 patients (29.6%), 
the length of treatment was adjusted. A shorter duration of antibiotic treatment (3 
days instead of 5) had no significant effect on any infectious complication (odds 
ratio [OR], 0.93; 95% CI, 0.38-2.32; P = .88) or on intra-abdominal abscess devel-
opment (OR, 0.89; 95% CI, 0.34-2.35; P = .81). Perforation of the appendix was the 
only independent risk factor for the development of an infectious complication 
(OR, 4.90; 95% CI, 1.41-17.06; P = .01) and intra-abdominal abscess (OR, 7.46; 95% 
CI, 1.65-33.66;P = .009) in multivariable regression analysis. 

Conclusions and Relevance | Lengthening of postoperative antibiotic treatment 
to 5 days was not associated with a reduction in infectious complications. Further 
restriction of antibiotic treatment can be considered in nonperforated complicat-
ed appendicitis.
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INTRODUC TION

Uncomplicated and complicated appendicitis are currently distinguished as 
2 different disease entities that require different treatments.1 The role of anti-
biotic treatment as an alternative for surgery in simple or uncomplicated ap-
pendicitis has been studied in adults2-4 and, more recently, in children.5,6 Acute 
complicated appendicitis with necrosis or perforation of the appendix is treat-
ed by appendectomy and usually followed by additional antibiotic treatment 
aimed at reducing postoperative infectious complications. Restriction and 
proper use of antibiotics are important for reducing and preventing harmful ad-
verse effects to the patients and preventing antibiotic resistance.7 In American 
guidelines, an antibiotic length of 4 to 7 days is advised after complicatedap-
pendicitis.8 To our knowledge, few studies have investigated the reduction 
of antibiotic administration after appendectomy and these were mostly per-
formed in children.9-11 Restricting antibiotic duration to fewer than 5 days after 
surgery in complicated appendicitis is seldom done, fearing infectious compli-
cations. However, 3 days of antibiotic treatment has been observed to be feasi-
ble and safe in a retrospective cohort of adults with complicated appendicitis.12 

 

The objectives of this prospective study were to investigate the relation of anti-
biotic duration and infectious complications and to identify possible risk factors 
for a postoperative infectious complication after laparoscopic appendectomy for 
acute complicated appendicitis.

METHODS

Study design | A surgical resident–led prospective, observational, cohort study 
was conducted in 62 Dutch hospitals including all consecutive patients who un-
derwent surgery for suspected acute appendicitis between June 1, 2014, and 
July 31, 2014, preceded by a pilot phase in 8 hospitals in May 2014. All patients 
were treated according to the local hospital protocol that was based on the Dutch 
guideline for appendicitis.13 One local investigator was responsible for identifying 
patients and collecting the data that were entered anonymized into an electronic 
database. 
 
The medical ethics committee in the Academic Medical Center in Amsterdam ap-
proved the study design and judged that no informed consent from the patients 
was necessary because of the observational study design without additional bur-
den for the patient.
 
For this analysis, only patients who underwent a laparoscopic appendectomy for 
acute complicated appendicitis were included. Both pediatric and adult patients 
were included in this analysis. The primary outcome was the effect of antibiotic 
treatment length on the infectious complication rate. To identify in-hospital and 
out-hospital complications during the 30-day follow-up, the electronic patient 
database system was checked to monitor visits at the emergency department, 
postoperative imaging or intervention, unscheduled outpatient visits, and hospi-
tal readmission.

06
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Complicated appendicitis and antibiotic treatment | Complicated appendicitis 
was defined as necrosis or perforation of the appendix or if an extensive purulent 
peritonitis was found during laparoscopy for which the surgeon prolonged anti-
biotic treatment for more than 24 hours. Two lengths of antibiotic treatment were 
registered; the duration as prescribed by the local surgeon directly after surgery 
and the duration that the patient eventually received. The actual received dura-
tion of antibiotics was retrieved from the medical prescription system. Intravenous 
antibiotics or a combination with an oral regimen was also registered. In case of 
the latter, the total duration of antibiotic treatment was calculated and used for 
analysis. A new course of antibiotics that was started for a complication after the 
initial course was finished was not included in the registered treatment duration. 

Patients were treated according to the local hospital protocol based on local re-
sistance pattern (in the Netherlands, usually a combination of cephalosporin and 
metronidazole).

Infectious complications | Superficial surgical site infection was recorded when 
administration of antibiotics (restart or lengthening for this reason), whether in 
combination with drainage of a wound abscess, was necessary. An intra-abdomi-
nal abscess was defined as a postoperative intra-abdominal fluid collection diag-
nosed by cross-sectional imaging for which administration of antibiotics (restart 
or lengthening) or a radiological or surgical intervention was needed. Any infec-
tious complication was defined as a superficial surgical site infection, an intra-ab-
dominal abscess, or both. Postoperative ileus was reported as an adverse event 
when resumption of oral diet was not achieved within 5 days after surgery.14

Statistical analysis | Dichotomous outcomes were compared using the χ2 
test or Fisher exact test where appropriate and comparison of nonparamet-
ric outcome (medians) was calculated with the Mann-Whitney U test. A 2-sid-
ed P < .05 was considered significant. nivariable odds ratios ( Rs) and 95  
Cis were calculated using logistic regression analysis for identifying risk fac-
tors for infectious complications and intra-abdominal abscesses. A multivar-
iable logistic regression model was built for variables with P < .20 in univaria-
ble analysis and 3 or 5 days of postoperative antibiotic treatment as planned. 
 
Statistical analyses were performed using SPSS version 21 (IBM). The Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE) statement 
was used in the study design and for preparing the article.15

RESULTS
 
Included patients | A total of 1975 patients underwent surgery for suspected 
acute appendicitis in 62 Dutch hospitals in the 2-month period (3 months in pilot 
centers). Among the participating hospitals were all academic teaching hospitals 
(n = 8), 84% of the community teaching hospitals (n = 38) and 41% of the com-
munity non-teaching hospitals (n = 16). The laparoscopic approach was used in 
1415 patients (74.4%) who underwent an appendectomy for acute appendicitis 
(n = 1901) and more frequently in adults than in children (79.5% vs 61.0%). In 415 
patients, the local surgeon continued antibiotic treatment for more than 24 hours 
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Characteristic

No. (%)

Total 
(n = 415)

2-3 d received 
(n = 89)

4-5 d received 
(n = 225)

>5 d received 
(n=101)

P valuea

Median age, y 44.0 46.0 43.0 43.0 .62b

Sex

   Male

   Female

197 (47.5)

218 (52.5)

43 (48.3)

46 (51.7)

108 (48.0)

117 (52.0)

46 (45.5)

55 (54.5)
.90

ASA classification

   1 or 2

   3 or 4

401 (96.6)

14 (3.4)

86 (96.6)

3 (3.4)

216 (96.0)

9 (4.0)

99 (98.0)

2 (2.0)
.65

Surgeon

   Consultant or  
   supervised resident

   Resident without  
   supervising consultant

354 (85.3)

61 (14.7)

68 (76.4)

21 (23.6)

193 (85.8)

32 (14.2)

93 (92.1)

8 (7.9)

.009

Operating time

   Median

   Daytime, 8 AM-6 PM

   On-call, 6 PM-8 AM

   Missing

 
 
51.0

186 (45.0)

227 (55.0)

2

 
 
50.0

40 (46.0)

47 (54.0)

NA

52.0

96 (42.7)

129 (57.3)

NA

52.0

50 (49.5)

51 (50.5)

NA

.63b

.51

Antibiotic administration

   Only intravenous

   Combination of  
   intravenous and oral

185 (58.7)

130 (41.3)

78 (87.6)

11 (12.4)

106 (47.1)

119 (52.9)

60 (59.4)

41 (40.6) <.001

Reason for antibiotic  
prolongation

   Perforation

   Necrosis

   Pus

 
282 (68.0)

90 (21.7)

43 (10.4)

 
55 (61.8)

25 (28.1)

9 (10.1)

 
149 (66.2)

50 (22.2)

26 (11.6)

 
78 (77.3)

15 (14.9)

8 (7.9)

 
.01

Conversion 33 (8.0) 6 (6.7) 13 (5.8) 14 (13.9) .04

TABLE 1 Demographics and outcome after variable durations of antibiotic treatments
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Appendix stump closure

   Endoloops

   Endostapler

250 (65.6)

131 (34.4)

61 (73.5)

22 (26.5)

140 (66.0)

72 (34.0)

49 (57.0)

37 (43.0) .08

Histology

   Uncomplicated

   Complicated, necrosis 
   or perforation

215 (51.8)

200 (48.2)

43 (48.3)

46 (51.7)

125 (55.6)

100 (44.4)

47 (46.5)

54 (53.5) .24

Median hospital stay, d 5.0 4.0 5.0 7.0 <.001b

Any complication 95 (22.9) 14 (15.7) 44 (19.6) 37 (36.6) <.001
Superficial surgical site 
infection

9 (2.2) 1 (1.1) 4 (1.8) 4 (4.0) .34

Intra-abdominal abscess

   Reintervention

50 (12.0)

29 (7.0)

6 (6.7)

5 (5.6)

20 (8.9)

10 (4.4)

24 (23.8)

14 (13.9)

<.001
.007

Ileus 18 (4.3) 2 (2.2) 8 (3.6) 8 (7.9) .11

Hospital readmission 43 (10.4) 6 (6.7) 27 (12.0) 10 (9.9) .38

Characteristic

No. (%)

Total 
(n = 415)

2-3 d received 
(n = 89)

4-5 d received 
(n = 225)

>5 d received 
(n=101)

P valuea

Abbreviations: ASA, American Society of Anesthesiologists; NA, not applicable.
aχ2 Test except where Mann- hitney U test is indicated.
bMann-Whitney U test.

after laparoscopic appendectomy because of acute complicated appendicitis 
and these patients were included in the analysis. The conversion rate in these 
complicated cases was 8.0%. The demographics and outcomes of patients with 
prolonged antibiotic treatment after laparoscopic appendectomy for complicat-
ed appendicitis are displayed in Table 1.

Duration of antibiotics | The duration of antibiotics as prescribed directly after 
surgery by the surgeon varied between 2 and 6 days; most frequently, the pre-
scribed doses lasted 3 days or 5 days (Table 2). A change in antibiotic duration 
was ordered in 29.6% of the patients (n = 123), a longer duration in 106 patients 
(25.5%), and a shorter duration in 17 patients (4.1%). Reasons for continuing antibi-
otic treatment longer than initially ordered varied and consisted of superficial sur-
gical site infection in 3.8% (4 of 106), intra-abdominal abscess in 22.6% (24 of 106), 
or were dictated by the clinical course without an objective complication. The 
actual received duration of antibiotics varied between 2 and 10 days, almost 25% 
of the patients received eventually more than 5 days of antibiotic treatment (Ta-
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ble 2). In the patients who were treated longer than 5 days, appendicitis seemed 
more severe, with a higher rate of perforation, conversion, and participation of 
a senior surgeon. A higher rate of complications and intra-abdominal abscesses 
and a longer hospital stay were observed in these patients (Table 1).

Infectious complications after complicated appendicitis | A postoper-
ative complication was seen in 22.9% of the patients with complicated ap-
pendicitis. A superficial surgical site infection was seen in 2.2  (n = 9) and 
an intra-abdominal abscess in 12.0% (n = 50) (Table 1). The median time af-

Duration, d
No. (%)

Prescribed duration Received duration

2 4 (1.0) 3 (0.7)

3 114 (27.5) 86 (20.7)

4 2 (0.5) 2 (0.5)

5 269 (64.8) 223 (53.7)

6 26 (6.3) 100 (24.1)

10 NA 1 (0.2)

TABLE 2 Antibiotic duration as prescribed and received

ter which a complication was diagnosed after surgery was 6 days (range, 1-24 
days) and 7 days (range, 2-24 days) for an intra-abdominal abscess. In 41 pa-
tients with a prescribed regimen of 3 days, the antibiotic regimen was contin-
ued longer than this, and in these patients, a superficial surgical site infec-
tion was seen in 7.3% (n = 3) and an intra-abdominal abscess in 14.6% (n = 6). 
 
In converted cases, the superficial surgical site infection rate was 15.2  
and the intra-abdominal abscess rate was 21.2%. The conversion rate was 
comparable between pediatric and adult patients (10.4% vs 7.4%; P = .36). 
 
In patients with a perforated appendix, the intra-abdominal abscess rate was 
16.0% in contrast to a rate of 3.8% when the appendix was not perforated but 
when necrosis or pus was the reason for continuing antibiotics (P < .001).

Three or 5 days of antibiotics and other risk factors | In 292 of the 415 laparo-
scopically treated patients (70.4%), the received antibiotic length was the same 
as prescribed. In 266 of these patients, antibiotic length was 3 or 5 days; 75 pa-
tients (28.2%) received 3 days and 191 patients (71.8%) received 5 days. The de-
mographics and outcomes of these patients are displayed in Table 3. No differ-
ences in complications were observed after 3 or 5 days of antibiotic treatment 
(infectious complication: OR, 0.93; 95% CI, 0.38-2.32; P = .88 and intra-abdominal 
abscess development: OR, 0.89; 95% CI, 0.34-2.35; P = .81; Table 4); however, 
patients who were treated for 3 days had a shorter hospital stay (Table 3). Neither 
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in the univariable nor the multivariable analysis was 3 vs 5 days of antibiotic treat-
ment identified as a risk factor for infectious complications and intra-abdominal 
abscess (Table 4). Perforation of the appendix was the only independent risk fac-
tor for developing an infectious complication (OR, 4.90; 95% CI, 1.41-17.06; P = .01) 
and intra-abdominal abscess (OR, 7.46; 95% CI, 1.65-33.66; P = .009) in multivari-
able regression analysis (Table 4).
 

Characteristic

No. (%)

Total 
(n = 266)

3 d 
(n = 75)

5 d 
(n = 191)

P valuea

Median age, y 43.0 44.0 43.0 .62b

Sex

   Male

   Female

128 (48.1)

138 (51.9)

35 (46.7)

40 (53.3)

93 (48.7)

98 (51.3) .79

ASA classification
   1 or 2

   3 or 4

256 (96.2)

10 (3.8)

72 (96.0)

3 (4.0)

184 (96.3)

7 (3.7) .90

Surgeon

   Consultant or  
   supervised resident

   Resident without  
   supervising consultant

219 (82.3)

47 (17.7)

56 (74.7)

19 (25.3)

163 (83.3)

28 (14.7) .049

Operating time

   Median

   Daytime, 8 AM-6 PM

   On-call, 6 PM-8 AM

   Missing

51.5

118 (44.7)

146 (55.3)

2

49.0

36 (49.3)

37 (50.7)

NA

52.0

82 (42.9)

109 (57.1)

NA

.41b

.41

Antibiotic administration

   Only intravenous

   Combination of  
   intravenous and oral

157 (59.0)

109 (41.0)

68 (90.7)

7 (9.3)

89 (46.6)

102 (53.4) <.001

TABLE 3 Demographics and outcome of patients treated with antibiotics exactly 3 or 5 
days as prescribed
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Reason for antibiotic  
prolongation

   Perforation

   Necrosis

   Pus

 
 

171 (64.3)

64 (24.1)

31 (11.7)

 
 
46 (61.3)

20 (26.7)

9 (12.0)

 
 
125 (65.5)

44 (23.0)

22 (11.5)
.92

Conversion 16 (6.0) 4 (5.3) 12 (6.3) .77

Appendix stump closure

   Endoloops

   Endostapler

179 (71.6)

71 (28.4)

55 (77.5)

16 (22.5)

124 (69.3)

55 (30.7) .22

Histology

   Uncomplicated

   Complicated, necrosis  
   or perforation

146 (54.9)

120 (45.1)

36 (48.0)

39 (52.0)

110 (57.6)

81 (42.4)

.17 
 

Median hospital stay, d 5.0 4.0 5.0 <.001b

Any complication 48 (18.0) 12 (16.0) 36 (18.8) .72

Superficial surgical  
site infection

4 (1.5) 1 (1.3) 3 (1.6) .89

Intra-abdominal abscess

   Reintervention

23 (8.6)

13 (4.9)

6 (8.0)

5 (6.7)

17 (8.9)

8 (4.2)

.81

.53

Ileus 8 (3.0) 1 (1.3) 7 (3.7) .45

Hospital readmission 28 (10.5) 6 (8.0) 22 (11.5) .51

Characteristic

No. (%)

Total 
(n = 266)

3 d 
(n = 75)

5 d 
(n = 191)

P valuea

Abbreviations: ASA, American Society of Anesthesiologists; NA, not applicable.
aχ2 Test except where Mann- hitney U test is indicated.
bMann-Whitney U test.
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Odds Ratio (95% CI)

Analysis
Prevalence in  
first group, 

Any infectious 
complicationa P value

Intra- 
abdominal 
abscess

P value

Univariable

Antibiotic duration 
received as  
prescribed,  
3 vs 5 d

28.2

 

0.93  
(0.38-2.32)    
 

.88 
 
 

0.89  
(0.34-2.35) 
 

.81 
 
 

Age, children <18 y 
vs adult

18.6 2.11  
(1.12-3.97)    

.02 2.62  
(1.37-5.00)

.004 

Male vs female 47.5
0.78  
(0.44-1.37)

.38
0.85  
(0.47-1.55)

.60

ASA classification,  
1 or 2 vs 3 or 4

96.6 0.95  
(0.21-4.38)

.95 0.82  
(0.18-3.76)

.79 

Time of surgery, 
daytime vs evening 
or nighttime 

45.0 
 

0.95  
(0.54-1.66) 

.85 
 

0.87  
(0.48-1.58) 

.65 
 

Surgeon, consul-
tant or supervised 
resident vs resident 
without supervising  
consultant

85.3 
 
 
 

1.27  
(0.55-2.95) 
 
 

.58 
 
 
 

1.63  
(0.62-4.29) 
 
 

.32 
 
 
 

Operating time, 
<51 min vs ≥51 min

50.1 0.43  
(0.24-0.79)

.006 0.56  
(0.30-1.04)

.07 

Stump closure,  
endoloops vs 
endostapler

65.6 
 

1.38  
(0.70-2.72) 

.35 
 

1.35  
(0.67-2.74) 

.40 
 

No conversion vs 
conversion to open

92.0 0.32  
(0.15-0.72)

.006 0.47  
(0.19-1.15)

.10 

Perforated vs  
nonperforated

68.0 4.67  
(1.95-11.19)

.001 4.86  
(1.88-12.55)

.001 

Histology, compli-
catedb vs noncom-
plicated

48.2 
 

1.13  
(0.65-1.98) 

.66 
 

1.57  
(0.86-2.85) 

.14 
 

Oral antibiotics, 
only intravenous vs 
partly oral

58.8 
 

1.96  
(1.06-3.62) 

.03 
 

1.57  
(0.84-2.94) 

.16 
 

TABLE 4 Logistic regression analyses of risk factors for infectious complications and in-
tra-abdominal abscesses
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Multivariable

Antibiotic duration 
received as pre-
scribed, 3 vs 5 d

28.2 
 

0.98  
(0.37-2.59) 

.97 
 

1.09  
(0.38-3.12) 

.87 
 

Age, children <18 y 
vs adult

18.6 1.20  
(0.42-3.45)

.73 1.35  
(0.46-3.98)

.59 

Operating time, 
<51 min vs ≥51 min

50.1 0.49  
(0.21-1.16)

.10 0.64  
(0.26-1.60)

.34 

No conversion vs 
conversion to open

92.0 0.61 (0.16-2.41) .48 0.42  
(0.10-1.70)

.22 

Perforated vs  
nonperforated

68.0 4.90  
(1.41-17.06)c

.01 c 7.46  
(1.65-33.66)c

.009 c 

Histology, compli-
catedb vs noncom-
plicated

48.2 …d 0.82  
(0.34-1.95)

.65 

Oral antibiotics, 
only intravenous vs 
partly oral

58.8 
 

0.91  
(0.37-2.24) 

.84 
 

0.65  
(0.25-1.69) 

.38 
 

Abbreviations: ASA, American Society of Anesthesiologists.
a Any infectious complication is defined as a superficial surgical site infection, an intra-abdominal abscess or both.
b Histological complicated appendicitis is defined as necrosis or perforation.
c Risk factor for infectious complication and intra-abdominal abscess.
d Histology was not included in multivariable regression analysis for any infectious complication because the P value 

in univariable regression analysis was greater than .20 (in contrast to intra-abdominal abscess where the P value for 

histology in univariable regression analysis was <.20).

Odds Ratio (95% CI)

Analysis
Prevalence in  
first group, 

Any infectious 
complicationa P value

Intra- 
abdominal 
abscess

P value
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DISCUSSION

ne of the main findings in this large prospective cohort was that there was no dif-
ference in either 3 or 5 days of antibiotic treatment, according to protocol, on the 
development of infectious complications after laparoscopic appendectomy for 
complicated appendicitis. erforation of the appendix was the only identified risk 
factor for developing an infectious complication. Different regimens of antibiotic 
duration after an appendectomy for complicated appendicitis were seen in this 
cohort that reflects nationwide variance in current treatment practice. Most fre-
quently used standard lengths were 3 or 5 days, with a predominance of the latter. 
 
The results of this study are in accordance with the results of an obser-
vational cohort study11 and a small randomized clinical trial comparing 3 
and 5 days of antibiotic treatment in secondary peritonitis in which half of 
the patients had a complicated appendicitis.16 The importance of restrict-
ing antibiotic treatment when possible was pointed out in a report of the 
World Health Organization,7 concluding that the most important reason 
for antibiotic resistance is the misuse of and overtreatment with antibiotics. 
 
Switching to oral antibiotics can be considered when diet resumption is 
sufficient.17 In the current cohort, this switch was not applied in most pa-
tients, leading to a significantly shorter hospital stay in the 3-day group. This 
is not only beneficial to the patient, but this reduction of hospital stay can 
lead to a substantial cost reduction, although no cost analyses were con-
ducted in this study. On a macroeconomic level, shortening of antibiot-
ic treatment duration could lead to a cost reduction in this frequent disease. 
 
Histological severity did not match with clinical severity in more than half of the 
clinically assessed complicated cases. This discordance between histological and 
surgical judgment has also been seen in other studies.18,19 Histological severity 
was no risk factor for infectious complications in logistic regression analysis in 
contrast to a clinically assessed perforation of the appendix. This is in concord-
ance with another study20 that showed that perforation of the appendix was as-
sociated with a higher risk for infectious complications compared with necro-
sis or pus without perforation. Therefore, proper intraoperative assessment of 
disease severity is important because further restriction of antibiotic treatment 
may be ustified in the absence of perforated appendicitis. The interobserv-
er variation in scoring appendicitis as complicated can vary among surgeons. 
However, necrosis or perforation of the appendix is mostly an obvious finding. 
 
Laparoscopy was the prevailing approach in the treatment of acute ap-
pendicitis in this nationwide Dutch cohort, especially in adult patients. 
Patients who underwent primary open appendectomy were not in-
cluded in this analysis because of the small numbers in this cohort.  
 
The duration of antibiotic prescription was changed in almost 30% of the patients 
because the clinical evaluation of the patient demanded it. Patients who eventually 
received more than 5 days of antibiotic treatment were different in disease sever-
ity and outcome compared with patients with a shorter regimen and could there-
fore not be compared with patients receiving 3 or 5 days of antibiotic treatment. 
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Patients who received either 3 or 5 days of antibiotic treatment according to pro-
tocol without a modification of the length were comparable in disease severity 
and outcome. Continuation of antibiotics beyond day 3 may be mandated by find-
ings of persisting clinical infection, although it does not seem to prevent forma-
tion of an infectious complication. Therefore, antibiotic treatment beyond day 3 
must be considered supportive therapy while the source of persistent infection is 
identified.

Conclusions |  Three days of antibiotic treatment for complicated appendicitis 
appeared to be sufficient. onger administration of antibiotics was not associated 
with prevention of intra-abdominal abscesses and a reactive strategy based on 
clinical condition of the patient is therefore advised.
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ABSTRACT

Background | Non-operative management may be an alternative for uncompli-
cated appendicitis, but preoperative distinction between uncomplicated and 
complicated disease is challenging. This study aimed to develop a scoring system 
based on clinical and imaging features to distinguish uncomplicated from compli-
cated appendicitis.

Methods | Patients with suspected acute appendicitis based on clinical evalu-
ation and imaging were selected from two prospective multicentre diagnostic 
accuracy studies (OPTIMA and OPTIMAP). Features associated with complicated 
appendicitis were included in multivariable logistic regression analyses. Separate 
models were developed for CT and ultrasound imaging, internally validated and 
transformed into scoring systems.

Results | A total of 395 patients with suspected acute appendicitis based on clini-
cal evaluation and imaging were identified, of whom 110 (27.8 per cent) had com-
plicated appendicitis, 239 (60.5 per cent) had uncomplicated appendicitis and 
46 (11.6 per cent) had an alternative disease. CT was positive for appendicitis in 
284 patients, and ultrasound imaging in 312. Based on clinical and CT features, 
a model was created including age, body temperature, duration of symptoms, 
white blood cell count, C-reactive protein level, and presence of extraluminal free 
air, periappendiceal fluid and appendicolith. A scoring system was constructed, 
with a maximum possible score of 22 points. Of the 284 patients, 150 had a score 
of 6 points or less, of whom eight (5.3 per cent) had complicated appendicitis, 
giving a negative predictive value (NPV) of 94.7 per cent. The model based on 
ultrasound imaging included the same predictors except for extraluminal free air. 
The ultrasound score (maximum 19 points) was calculated for 312 patients; 105 
had a score of 5 or less, of whom three (2.9 per cent) had complicated appendici-
tis, giving a NPV of 97.1 per cent.

Conclusion | With use of novel scoring systems combining clinical and imaging 
features, 95 per cent of the patients deemed to have uncomplicated appendicitis 
were correctly identified as such. The score can aid in selection for non-operative 
management in clinical trials.
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INTRODUCTION

Appendiceal perforation has long been considered an advanced state of acute 
appendicitis. However, the relationship between time and progression of disease 
(from simple uncomplicated to gangrenous or perforated appendicitis) is ques-
tioned1. Perforated and non-perforated appendicitis are suggested to have dif-
ferent pathophysiologies2,3. Furthermore, circumstantial evidence suggests the 
possibility of spontaneous resolution of uncomplicated appendicitis3. In line with 
these insights, appendectomy as standard treatment for all cases of acute appen-
dicitis is now under debate. Conservative management has been proposed as 
an alternative for selected patients with uncomplicated or simple appendicitis. 
Several randomized trials have indicated that treatment with antibiotics is as safe 
and effective as appendectomy for patients with uncomplicated appendicitis4. 
However, preoperative identification of patients with uncomplicated appendicitis 
has proven to be a challenge.

Imaging has become standard in the evaluation of suspected appendicitis and 
has been shown  to improve diagnostic performance5. CT is generally accepted 
as the most accurate test for diagnosing acute appendicitis, but its ability to differ-
entiate uncomplicated from complicated appendicitis is less satisfactory6–10. This 
shortcoming was illustrated by a recent trial11 that used CT to select patients with 
uncomplicated appendicitis before randomization to either antibiotics or surgery. 
Of the 119 patients randomized to undergo appendectomy for presumed simple 
appendicitis, 21 (17.6 per cent) had complicated appendicitis identified during 
surgery. Comparable disappointing results have been reported for ultrasonogra-
phy, ultrasound imaging with conditional CT, and MRI12,13.

To improve the differentiation between uncomplicated and complicated appen-
dicitis, clinical findings and laboratory test results can be combined with imag-
ing features. Frequently described predictors of appendiceal perforation include 
higher age14,15, longer duration of symptoms14,16,17, and clearly increased levels of 
inflammatory markers3,16–18. Although these elements of routine diagnostic assess-
ment are weak discriminators individually, when combined they can achieve high 
discriminatory power for the diagnosis of appendicitis18.

The aim of this study was to develop a scoring system based on clinical and imag-
ing features to distinguish uncomplicated from complicated (gangrenous or per-
forated) appendicitis in adult patients. As CT as well as ultrasonography is used in 
the diagnostic evaluation of patients with suspected acute appendicitis in current 
practice, a separate scoring system was developed for clinical features plus each 
of the imaging modalities.
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METHODS

The Transparent Reporting of a multivariable prediction model for Individual 
Prognosis Or Diagnosis (TRIPOD) statement checklist was used in this study and 
for preparation of the manuscript19.

Study setting and study population | To resemble the clinical setting of target 
patients for whom the scoring system was designed, only patients with a clinical 
suspicion of acute appendicitis (based on medical history, physical examination 
and laboratory tests) and imaging findings (ultrasonography or CT) positive for 
acute appendicitis were included in the analysis. The differentiation between 
non-appendicitis and appendicitis (either complicated or uncomplicated) in pa-
tients suspected of having appendicitis was not the goal of this study. The aim was 
to develop a scoring system that would aid decision-making after clinical evalua-
tion and imaging had confirmed  the presence of acute appendicitis, but where 
the challenge remained to differentiate between complicated and uncomplicated 
appendicitis.

Given the different management of patients with an appendiceal abscess or mass, 
these patients were excluded from the present analysis. Eligible patients were 
selected from two prospective, multicentre diagnostic accuracy studies. The 
first ( TIMA trial)20,21 included 1021 adult patients presenting at the emergency 
department with acute abdominal pain formore than 2 h and less than 5 days. 
All patients underwent both ultrasonography and CT. The results of ultrasound 
imaging and CT were evaluated independently by different observers who were 
blinded to the other imaging findings. f the included patients, 422 were clinical-
ly suspected of having acute appendicitis, and ultrasound imaging and/or CT was 
positive for appendicitis in 280. The second study (OPTIMAP trial)22,23 compared 
imaging strategies with conditional contrast-enhanced CT or unenhanced MRI in 
230 consecutive adult patients with suspected appendicitis. All except one pa-
tient underwent ultrasound examination. After negative or inconclusive findings 
for appendicitis at ultrasonography, CT was performed. Of the 229 patients who 
underwent ultrasonography, 97 had positive findings for appendicitis. Another 
115 patients underwent CT (1 without previous ultrasound imaging), which was 
positive for appendicitis in 28. Both studies were approved by the medical ethics 
committee of the initiating centre and all included patients gave written informed 
consent.

Data collection | Data regarding medical history, physical examination and lab-
oratory findings were collected prospectively on a structured online case record 
form.

Imaging studies | All patients underwent graded compression ultrasonography 
by staff radiologists or radiological residents. CT was performed with intravenous 
contrast medium only, and was interpreted by a staff radiologist or supervised ra-
diological resident. No oral or rectal contrast agents were used in this emergency 
room setting. The absence or presence of the following features on ultrasonogra-
phy and CT were evaluated: complete visualization of the appendix (from base to 
tip), thickened appendix (diameter larger than 6 mm), destruction of the layered 
wall structure, periappendiceal fat infiltration, presence of an appendicolith, free 
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fluid ad acent to the appendix, presence of extraluminal free air and presence of 
fluid collections. For ultrasound imaging, localized tenderness on application of 
the transducer and compressibility of the appendix were also recorded. The pro-
tocol did not dictate a diagnosis of appendicitis when certain features were pres-
ent, nor did it state mandatory features required for the diagnosis of appendicitis 
to be made. This was left to the discretion of the reader who evaluated the images.

Final diagnoses were assigned to all included patients by an expert 
panel based on all available data, including clinical information, imaging findings, 
histopathology reports, operative notes, and at least 3 months of follow-up. All 
patients had undergone ultrasound imaging as well as CT as part of the study pro-
tocol (CT was performed only after negative/inconclusive ultrasound examination 
for appendicitis in the TIMA  study). The final diagnosis of acute appendicitis 
was left to the discretion of the expert panel, but was mostly based on surgery 
and histopathology reports.

For the categorization of acute appendicitis into complicated or uncomplicated 
types, operative reports and results from histopathological examination of the 
appendix were used as reference standard. Complicated appendicitis was de-
fined as gangrenous or perforated appendicitis, and or the presence of diffuse 
peritonitis. In the event of discrepancy between the operative findings and the 
pathology report, surgical findings were decisive. For patients without acute ap-
pendicitis, the alternative final diagnoses as assigned by the expert panel were 
categorized into complicated alternative diseases (deemed unsuitable for con-
servative management) and uncomplicated alternative diseases (suitable for con-
servative management).

Variables associated with complicated appendicitis | The medical literature 
was searched to identify clinical and imaging predictors of complicated appendi-
citis in patients with suspected acute appendicitis. The following clinical features 
were identified and selected for used in the present analysis: age, duration of 
symptoms, body temperature, white blood cell (WBC) count and C-reactive pro-
tein (CRP) level. CT features associated with complicated appendicitis included in 
the analysis were: destruction of the appendiceal wall, extraluminal free air, peri-
appendiceal fluid and presence of an appendicolith. ltrasound features includ-
ed were: destruction of the appendiceal wall, periappendiceal fluid, presence of 
an appendicolith and periappendiceal fat infiltration.

Statistical analysis | Imputation techniques were used to impute missing values 
for body temperature (6.8 per cent missing) (aregImpute function in R, version 
3.0.1; R Foundation for Statistical Computing, Boston, Massachusetts, USA).With 
this technique, a random sample is drawn from the non-missing values, with re-
placement, and a flexible model fitted that predicts the missing target variable. 
Each missing value is then imputed with the observed value whose predicted 
transformed value is closest to the predicted transformed value of the missing 
value. An imputation model was used that included sex, duration of symptoms, 
age, WBC count, CRP level and the outcome variable complicated disease.
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The set of first imputations was used for the analysis, after sensitivity analysis 
showed no differences between models fitted using ten different imputed data 
sets.

To enhance clinical applicability, continuous variables were categorized. Op-
timal cut-off values were chosen after visual exploration of the association be-
tween these variables and the outcome (complicated appendicitis) with use of 
restricted cubic spline functions with four knots (rcspline.plot function in R).With 
this technique, a smooth curve was fitted and any inflection point was identified 
that could be used to categorize the variable. Age and WBC count were dichoto-
mized, whereas body temperature and CRP level were each converted into three 
categories.

Two separate models were created in a similar way: one based on clinical and CT 
features, and the other based on clinical and ultrasound features. A multivariable 
logistic regression model with the selected predictors was fit and reduced using 
stepwise backward selection, based on a P value of 0.15, to arrive at a parsimoni-
ous model. Interaction terms for age and WBC count, and age and CRP level were 
removed when no significant interaction was encountered. The discriminative 
capacity of the reduced model was expressed as the area under the receiver op-
erating characteristic (ROC) curve (AUC) with corresponding 95 per cent c.i. In a 
ROC curve the diagnostic accuracy of a test is depicted by plotting the sensitivity 
against 100  specificity. A perfect diagnostic test with 100 per cent sensitivity and 
100 per cent specificity will have its coordinates in the upper left corner resulting 
in an AUC of 1.0.

Internal validation was done to ad ust for overfitting by means of bootstrapping 
with 500 replications. With this technique, random samples of the same size as 
the original sample are drawn, with replacement, from the original sample. This 
process mimics sampling from the patient population underlying the study pop-
ulation. Subsequently, a model is fit in each bootstrap sample, and the difference 
between performance in the bootstrap samples and performance in the original 
sample is used to estimate the optimism, and an estimate of a shrinkage factor – to 
correct for optimism  is provided. The regression coefficients of the final model 
were multiplied by the shrinkage factor and a new AUC was calculated. A correct-
ed Nagelkerke R2 value was also reported.

Both models were transformed into clinically applicable scoring systems. For each 
predictor in the final model a weighted point total was calculated by multiplying 
its ad usted coefficient, and rounding it to the nearest integer. ith use of these 
scoring systems, a total score was calculated for each patient. Subsequently, a 
cut-off analysis was performed in the study population to demonstrate the poten-
tial of both models to select patients with predicted uncomplicated appendicitis. 
The aim was to correctly identify as many patients with uncomplicated appendi-
citis as possible, while limiting the number of false-negatives (patients with com-
plicated appendicitis or complicated alternative diseases wrongly considered to 
have uncomplicated disease targeted at maximum of 5 per cent). Estimates of the 
sensitivity and specificity were calculated for both models and their cut-off values 
by comparing the prediction of the scoring systems with the final diagnoses. s-
timates of the positive predictive value (PPV) and negative predictive value (NPV) 
were also calculated.
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Normally distributed data are expressed as mean(s.d.) and non-normally distrib-
uted data as median (i.q.r.). P <0.050 was considered to indicate statistical sig-
nificance. All statistical analyses were performed using S SS  version 20.0 (I M, 
Armonk, New York, USA) and R version 3.0.1 (R Foundation for Statistical Comput-
ing). 

 
RESULTS

A total of 652 patients had clinical suspicion of acute appendicitis from the two 
prospective studies combined (Fig. 1). After imaging, the diagnosis of acute ap-
pendicitis was discarded in 247 patients, whereas imaging (ultrasonography and/
or CT) was positive for acute appendicitis in 405 patients. Ten patients had an 
appendiceal abscess or mass and were excluded from the analysis. The remain-
ing 395 patients were included in the present study. Median age of the included 
patients was 37 (27–50) years and 215 (54.4 per cent) were men. Characteristics of 
the included patients are shown in Table 1. 

Ultrasound examination was carried out in all except one of the 395 patients, and 
CT was performed in 303. Both CT and ultrasonography were positive for ap-
pendicitis in 201 patients, whereas CT alone was positive in 83 and ultrasound 
imaging alone in 111. Therefore, acute appendicitis was suspected in 284 patients 
based on clinical evaluation and CT, and in 312 patients based on clinical evalua-
tion and ultrasound imaging.

FIGURE 1 Flow chart depicting patient selection
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Operative and histopathology reports were available for all except four of the 
included patients. Of the 395 patients, 110 (27.8 per cent) had complicated ap-
pendicitis and 239 (60.5 per cent) had uncomplicated appendicitis. The rate of 
complicated appendicitis among all cases of appendicitis was 31.5 per cent (110 
of 349) and did not differ between the two prospective study cohorts (35.1 versus 
29.8 per cent; P =0.321). The remaining 46 patients (11.6 per cent) did not have 
acute appendicitis. Four patients had an alternative final diagnosis categorized 
as complicated disease: complicated/perforated diverticulitis (3) and perforated 
Crohn s disease (1). The alternative final diagnoses in the other 42 patients were 
categorized as uncomplicated: non-specific abdominal pain (19), inflammatory 
bowel disease (8), uncomplicated diverticulitis (5), gastroenteritis (4), acute epip-
loic appendagitis (3), ruptured ovarian cyst (2) and small bowel obstruction (1).

Scoring system based on clinical and CT features | Of the 284 patients with 
suspected acute appendicitis based on clinical evaluation and CT imaging, 81 
(28.5 per cent) had complicated appendicitis and 179 had uncomplicated appen-
dicitis. The remaining 24 patients did not have appendicitis (false-positives): one 
patient had a complicated and 23 an uncomplicated alternative disease. Details 

No. of patients*

Age (years)† 37 (27-50)

Sex ratio (M:F) 215 : 180

Body temperature (°C)‡§ 37.4 (0.8)

Duration of symptoms ≥ 48 h 174 (44.1)

WBC count (x 109/l)† 13.3 (10.5-16.4)

C-reactive protein (mg/l)† 41.0 (16.0-95.0)

Suspicion of appendicitis

   Based on clinical evaluation and CT

   Based on clinical evaluation and ultrasound

284 (71.9)

312 (79.0)

Final diagnosis 

   Complicated appendicitis

   Uncomplicated appendicitis

   Alternative complicated disease

   Alternative uncomplicated disease

110 (27.8)

239 (60.5)

4 (1.0)

42 (10.6) 

TABLE 1 Baseline characteristics of the included patients

*With percentages in parentheses unless indicated otherwise; 

values are †median (i.q.r.) and ‡mean(s.d.). §Data available for 368 

patients (93.2 per cent). WBC, white blood cell.
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of the univariable analysis are given in Appendix 1 (supporting information). In 
multivariable analysis, after backward elimination, eight predictors were included 
in the final model: age, body temperature, duration of symptoms, C count, 
CR  level, extraluminal free air on CT, periappendiceal fluid on CT and presence 
of an appendicolith on CT (Table 2). The discriminatory capacity of this model 
expressed as the AUC was 0.90 (95 per cent c.i. 0.87 to 0.94). After adjustment 
for overfitting, the A Cwas 0.88 (0.85 to 0.92) (Fig. 2). The corrected agelkerke 
R2 value was 0.57. Details of the full adjusted model are presented in Appendix 2 
(supporting information).

A scoring system was derived based on the ad usted coefficients of the predictors 
in the final model, resulting in a maximum possible score of 22 points, a higher 
score being associated with a greater probability of complicated appendicitis or 
an alternative complicated disease (Table 3).

The total score was calculated for all 284 patients with suspected appendici-
tis based on clinical evaluation and CT (Fig. 3). hen the predefined maximum 
false-negative rate of 5 per cent was applied, the optimal cut-off value was 7 

Odds ratio

Age ≥ 45 years 2.24 (1.08-4.63)

Body temperature (°C)

    37.0
   37.1 – 37.9

   ≥ 38.0

1.00 (reference)

3.82 (1.47-9.93)

9.34 (3.28-26.61)

Duration of symptoms ≥ 48 h 3.45 (1.54-7.70)

WBC count > 13 x 109/l 2.62 (1.23-5.62)

C-reactive protein (mg/l)

    50
   51-100

   >100

1.00 (reference)

3.25 (1.32-8.00)

6.12 (2.39-15.71)

Extraluminal free air on CT 15.29 (2.53-92.19)

eriappendiceal fluid on CT 3.09 (1.38-6.88)

Appendicolith on CT 3.03 (1.38-6.62)

TABLE 2 ariables in the final multivariable logistic regression model based on clinical and 
CT features

Values in parentheses are 95 per cent c.i. WBC = white blood cell. 07
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points. Of the 284 patients, 150 had 6 points or less; eight of these patients (5.3 
per cent) had a false-negative result and did have complicated appendicitis or an 
alternative complicated disease. The remaining 142 patients (94.7 per cent) were 
correctly identified and indeed had uncomplicated appendicitis or an alternative 
uncomplicated disease. This sample of 142 patients represented 70.3 per cent 
of all 202 patients with uncomplicated appendicitis or alternative uncomplicated 
diseases. The corresponding sensitivity and specificity for this cut-off value were 
90.2 (95 per cent c.i. 81.7 to 95.7) and 70.3 (63.5 to 76.5) per cent respectively. The 
PPV was 55.2 (46.4 to 63.8) per cent and the NPV 94.7 (89.8 to 97.7) per cent.

Of the 312 patients with suspected acute appendicitis based on clinical evalua-
tion and ultrasound, 86 (27.6 per cent) had complicated appendicitis and 199 had 
uncomplicated appendicitis. Of the 27 patients who did not have appendicitis, 
three had a complicated alternative disease and 24 had an uncomplicated alter-
native disease. Seven predictors were included in the final model after

multivariable analysis with backward elimination: age, body temperature, dura-
tion of symptoms, C count, CR  level, and periappendiceal fluid and presence 
of an appendicolith on ultrasound examination (Table 4). The AUC for this model 
was 0.85 (95 per cent c.i. 0.80 to 0.89) and 0.82 (0.77 to 0.86) after correction for 
overfitting (Fig. 4). agelkerke s R2 was 0.42. Details of the full adjusted model 
based on clinical and ultrasound features are presented in Appendix 3 (support-
ing information).

eighted points were calculated for the final predictors in the multivariable mod-
el, resulting in a maximum total score of 19 points (Table 3). In comparison with the 
scoring system based on CT features, extraluminal free air on CT was omitted as 

FIGURE 2 Receiver  
operating characteristic 
(ROC) curve with 95 per 
cent c.i. for the final ad-
justed regression model 
based on clinical and CT 
features. Area under the 
curve 0.88 (95 per cent 
c.i. 0.85 to 0.92)
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a predictor whereas two of the CRP categories (51–100 and more than 100 mg/l) 
were each ascribed 2 points extra.

Based on this scoring system, a total score was calculated for all 312 patients with 
suspected appendicitis based on clinical evaluation and ultrasound imaging (Fig. 
5). Cut-off analysis revealed an optimal cut-off value of 6 points. A total of 105 
patients had a score of 5 points or less. f these, 102 were identified correctly 
and indeed had a disease categorized as uncomplicated (including uncomplicat-
ed appendicitis), whereas only three patients (2.9 per cent) had a false-negative 
result and did in fact have complicated appendicitis or an alternative complicated 
disease. The sample of 102 patients represented 45.7 per cent of all 223 patients 
with uncomplicated appendicitis or an alternative uncomplicated disease. The 
sensitivity was 96.6 (95 per cent c.i. 90.5 to 99.3) per cent, specificity 45.7 (39.1 
to 52.5) per cent, PPV 41.6 (34.8 to 48.6) per cent and NPV 97.1 (91.9 to 99.4) per 
cent. If the cut-off value was set to 7 points, 66.4 per cent of all patients with an 
uncomplicated disease (148 of 223) were identified at the expense of 8.6 per cent 
false-negatives (14 patients).

Clinical and CT features

Points scored

Clinical and US fea-
tures

Age ≥ 45 years 2 2

Body temperature

    37.0
   37.1 – 37.9

   ≥ 38.0                               

0

2

4

0

2

4

Duration of symptoms ≥ 48 h 2 2

WBC count > 13 x 109/l 2 2

C-reactive protein (mg/l)

    50
   51-100

   >100

0

2

3

0

4

5

Extraluminal free air on imaging 5 -

eriappendiceal fluid on imaging 2 2

Appendicolith on imaging 2 2

Maximum  score 22 19

TABLE 3 Scoring system based on clinical and imaging features for both CT and ultra-
sonography

WBC = white blood cell.
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FIGURE 3 Calculated scores based on clinical and CT features for 284 patients with un-
complicated and complicated appendicitis. The dotted line indicates the optimal cut-off 
value with a maximum false-negative rate of 5 per cent

FIGURE 4 Receiver oper-
ating characteristic (ROC) 
curve with 95 per cent 
c.i. for the final ad usted 
regression model based 
on clinical and ultrasound 
features. Area under the 
curve 0.82 (95 per cent)
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DISCUSSION

In the present study, a scoring system was developed to distinguish uncomplicat-
ed from complicated appendicitis. The score was based on patient characteristics 
and diagnostic markers that are collected routinely in clinical practice, combined 
with features from imaging. As CT and ultrasonography are both currently used to 
diagnose acute appendicitis, two separate scoring systems were developed, one 
incorporating CT features and one based on ultrasound features. The score was 
developed with data

from patients in whom the score is intended to be used, that is individuals sus-
pected of having acute appendicitis based on clinical evaluation and imaging. 
With use of the scoring systems, a substantial group of patients with a low proba-
bility of complicated appendicitis or alternative complicated diseases (5 per cent) 
can be identified, in whom treatment options other than appendectomy can be 
considered.

Several limitations of this study need to be addressed. First and foremost, the 
model lacks proper external validation. Although the model was validated inter-
nally and corrected for optimism, the results cannot yet support general applica-
tion. Proper external validation studies are needed to clarify the generalizability 
of the proposed scoring systems. Second, a larger study population including 
more patients with complicated appendicitis would have allowed the inclusion 
of further variables in the analysis, although it is known that more variables can 

Odds ratio

Age ≥ 45 years 2.45 (1.33-4.51)

Body temperature

    37.0
   37.1 – 37.9

   ≥ 38.0                              

1.00 (reference)

1.77 (0.87-3.62)

4.53 (1.97-10.43)

Duration of symptoms ≥ 48 h 1.83 (0.95-3.50)

WBC count > 13 x 109/l 2.39 (1.28-4.45)

C-reactive protein (mg/l)

    50
   51-100

   >100

1.00 (reference)

5.22 (2.36-11.53)

7.08 (3.29-15.22)

eriappendiceal fluid on ultrasonography 2.41 (1.24-4.71)

Appendicolith on ultrasonography 1.99 (0.89-4.44)

TABLE 4 ariables in the final multivariable logistic regression model based on clinical and 
ultrasound features

Values in parentheses are 95 per cent c.i. WBC = white blood cell.

07



124

CH A P TE R 7

hamper the usability of a scoring system. Third, the CT findings in the included pa-
tients from the OPTIMAP study (28 patients) were not interpreted independently 
of the ultrasound findings, so the evaluation of CT features in these patients might 
have been influenced by the results of ultrasonography. However, in the TIMA 
study CT observers (256 patients) were blinded to the findings of the ultrasound 
examination that preceded CT. The incorporation of imaging features into the 
present scoring systems also entails potential interobserver variability, especially 
for ultrasound examination, whereas excellent interobserver agreement has been 
described for CT24. Another potential limitation is the definition of complicated 
appendicitis used in the present study. The definition of complicated appendicitis 
remains sub ect to discussion. Here the definition of complicated appendicitis in-
cluded both gangrenous and perforated appendicitis. Gangrenous appendicitis 
is believed to be a different entity to simple or phlegmonous appendicitis, with 
the potential to perforate25,26. atients with an appendiceal abscess or inflamma-
tory mass were excluded because this subgroup of appendicitis warrants a sepa-
rate approach27. In most studies, either intraoperative findings, as reported by the 
surgeon, or results from histopathology reports are used. It has been suggested 
that there is considerably discrepancy when the two are compared16. A combina-
tion of clinical and histopathological findings was used in the present analysis, as 
often done previously28. 

The present study is strengthened by the prospective data collection, including 
features from imaging studies that were scored in a standard manner, and its mul-
ti-institutional design. It included only patients suspected of having acute appen-
dicitis based on clinical evaluation and imaging positive for appendicitis. These 

FIGURE 5 Calculated scores based on clinical and ultrasound features for 312 patients with 
uncomplicated and complicated appendicitis. The vertical line indicates the optimal cut-
off value with a maximum false-negative rate of 5 per cent
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patients represent the population in which the scoring systems are intended to be 
used. Furthermore, both proposed scoring systems were based on models with 
good discriminative capacity (AUC over 0.80). The rate of complicated appendi-
citis in this study was 31.5 per cent, which falls within the range of reported rates 
(16–32 per cent)28,29. 

The importance of improved selection of patients with uncomplicated appen-
dicitis has been stressed previously11. CT and ultrasound imaging have become 
standard in the diagnostic evaluation of acute appendicitis, with CT being the 
most accurate test6,7. Both imaging modalities have been reported to be able to 
discriminate uncomplicated from complicated appendicitis12,30–32. Frequently de-
scribed imaging features associated with perforated appendicitis include a defect 
of the appendiceal wall, extraluminal air, periappendiceal fluid and the presence 
of an appendicolith8,17,30,32–34. Although the specificity of these imaging findings 
is usually high, reported sensitivity is low9,10,35. However, for the purpose of se-
lecting patients for treatments other than appendectomy, a high sensitivity is re-
quired to adequately rule out gangrenous or perforated appendicitis. Therefore, 
patient selection solely based on imaging might not be accurate enough9,10,13. This 
was recently illustrated by Vons and colleagues11 in a study comparing antibiotic 
treatment with appendectomy, in which CT was used to select patients with un-
complicated appendicitis. No less than 18 per cent of the patients randomized 
to undergo appendectomy were found to have complicated appendicitis. Sev-
eral concerns regarding their method for selection of patients with uncompli-
cated appendicitis have been expressed36. Eligibility for inclusion was primarily 
determined based on CT diagnoses without taking clinical findings into account, 
thereby potentially including patients without true appendicitis. Furthermore, all 
patients with periappendiceal fluid were excluded, although this can be a finding 
in patients with uncomplicated appendicitis as well. However, these aspects are 
more likely to have underestimated the inability of CT to select uncomplicated 
cases than overestimate this shortcoming. To improve selection in the present 
study, clinical features were included in the scoring systems as well as imaging 
features. Clinical features, especially when two or more are combined, have been 
suggested to be of diagnostic value for acute appendicitis18. The clinical features 
included in the present scoring systems have all been frequently reported to be 
predictors of appendiceal perforation14–16,33,37–41.

Evaluation of the scoring systems showed that under 5 per cent of patients with 6 
points or less on the CT-based score, or 5 points or less on the ultrasound-based 
score, had complicated appendicitis. With application of this cut-off value to the 
scoring system based on clinical and CT features, 70.3 per cent of all patients with 
uncomplicated appendicitis could be correctly identified before surgery with a 
NPV of 94.7 per cent. Ideally, all patients with uncomplicated appendicitis would 
have been identified as such. However, in practice there is a trade-off between the 
number of true-positives and false-positives, and true-negatives and false-nega-
tives. It is arguable whether or not the correct identification of 70 per cent of the 
patients with uncomplicated appendicitis and a 30 per cent overshoot in classi-
fication as complicated appendicitis is satisfactory. However, false-negative clas-
sification of complicated appendicitis, with subsequent conservative treatment 
instead of appendectomy, is viewed as less desirable than false-positive classifi-
cation of uncomplicated appendicitis with appendectomy (presently still standard 
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treatment) instead of conservative management. In several previous reports11,36,42 

on the conservative management of acute appendicitis, it is unclear how many 
patients were assessed for eligibility and how many were subsequently excluded, 
or what the final diagnoses in these excluded patients were. hen applying the 
threshold of 5 per cent false-negatives to the ultrasound score in the present anal-
ysis, less than half of all patients with uncomplicated appendicitis were identified 
correctly. This increased to 66.4 per cent when the cut-off value was increased by 
1 point, at the expense of a false-negative rate of 8.6 per cent. The difference in 
performance between the CT and ultrasound scores underlines the superiority of 
CT in diagnosing acute appendicitis, overall and for the differentiation of uncom-
plicated from complicated appendicitis.

Several scoring systems for acute appendicitis have been evaluated previously; 
the Alvarado score43 and the more recent Appendicitis Inflammatory Response 
(AIR) score44 are the best known. Both scores were developed originally to identify 
patients with appendicitis among all patients with clinically suspected appendi-
citis. In the present study, a score was developed for a different clinical concept. 
The differentiation between non-appendicitis and appendicitis (either complicat-
ed or uncomplicated) in patients with suspected appendicitiswas not the goal. 
Instead, the aim was to develop a scoring system to aid decision-making once 
clinical evaluation and imaging has confirmed  appendicitis, but the challenge re-
mains to differentiate between complicated and uncomplicated appendicitis. The 
AIR score has also been evaluated in terms of identifying complicated appendi-
citis and excellent discriminative performance has been described44–46. However, 
this was based on the ability of the score to discriminate advanced appendicitis 
from non-appendicitis, making direct comparisons with the present results diffi-
cult. Unfortunately these existing scoring systems could not be evaluated in the 
patient population studied here because required data, such as percentage of 
polymorphonuclear leucocytes, were not available.

The proposed scoring systems based on clinical and imaging features enable 
more accurate preoperative identification of patients with simple or uncomplicat-
ed appendicitis. They now need external validation to establish their value with 
respect to outcome of management decisions based on the scoring systems.
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1
3

2

No. of 
patients 
(n = 395)

Patient category*

Odds ratio
Sensitivity
(%)

Specificity
(%)

PPV (%) NPV (%) AUC 
Complicated Uncomplicated

Clinical features

   Age ≥ 45 years 395 63 of 114 78 of 281 3.22 (2.05, 5.05)
55.3  
(45.7, 64.6)

72.2  
(66.6, 77.4)

44.7  
(36.3, 53.3)

79.9  
(74.5, 84,7) 

0.64 
(0.58, 0.70)

   Body temperature  
   (°C )†      
       37.0
      37.1–37.9
      ≥ 38.0

395
 
22 of 114
48 of 114
44 of 114

 
115 of 281
126 of 281
40 of 281

 
1.00 (reference)
2.29 (1.05, 4.99)
6.60 (2.89, 15.07)

 
38.6  
(29.6, 48.2)

 
85.8  
(81.1, 89.6)

 
52.4  
(41.2, 63.4)

 
77.5  
(72.4, 82.0) 

 
0.62 
(0.56, 0.69)

   Duration of  
   symptoms ≥ 48 h 395 72 of 114 102 of 281 3.00 (1.92, 4.73)

63.2  
(53.6, 72.0)

63.7  
(57.8, 69.3)

41.4  
(34.0, 49.1)

81.0 
(75.2, 86.0) 

0.63 
(0.57, 0.70)

   WBC count > 13 
× 109/l

395 74 of 114 132 of 281 2.09 (1.33, 3.28)
64.9  
(55.4, 73.6)

53.0  
(47.0, 59.0)

35.9  
(29.4, 42.9)

78.8 
(72.3, 84.4)

0.59 
(0.53, 0.65)

   C-reactive protein 
   (mg/l)† 
       50
      51–100 
      > 100 

395
 
26 of 114
30 of 114
58 of 114

 
189 of 281
56 of 281
36 of 281

 
1.00 (reference) 
3.89 (2.13, 7.12)
11.71 (6.53, 21.00)

 
50.9  
(41.4, 60.4)

 
87.2  
(82.7, 90.9)

 
61.7  
(51.1, 71.5)

 
81.4 
(76.5, 85.6)

 
0.69 
(0.63, 0.75)

CT features

   Destruction of 
   appendiceal wall

284 21 of 82 30 of 202 1.98 (1.05, 3.70)
25.6  
(16.6, 36.4)

85.2  
(79.5, 89.8)

41.1  
(27.6, 55.8)

73.8 
(67.7, 79.4)

0.55 
(0.48, 0.63)

APPENDIX 1 Univariable analysis of clinical, CT and ultrasound features of complicated 
appendicitis or alternative complicated diseases



1
3

3

   Free extraluminal 
   air

284 15 of 82 2 of 202
22.39  
(4.99, 100.45)

18.3  
(10.6, 28.4)

99.0  
(96.5, 99.9)

88.2  
(63.5, 98.2)

74.9 
(69.3, 80.0)

0.59 
(0.51, 0.66)

   Periappendiceal 
   fluid 284 35 of 82 32 of 202 3.96 (2.22, 7.05)

42.7 (31.8, 
54.1)

84.2  
(78.4, 88.9)

52.2  
(39.7, 64.6)

78.3 
(72.3, 83.6)

0.63 
(0.56, 0.71)

   Presence of  
   appendicolith

284 39 of 82 39 of 202 3.79 (2.17, 6.61)
47.6  
(36.4, 58.9)

80.7  
(74.6, 85.9)

50.0  
(38.5, 61.5)

79.1 
(72.9, 84.5)

0.64 
(0.57, 0.72)

Ultrasound features

   Destruction of 
   appendiceal wall

312 24 of 89 52 of 223 1.21 (0.69, 2.13)
27.0  
(18.1, 37.4)

76.7  
(70.6, 82.1)

31.6  
(21.4, 43.3)

72.5 
(66.3, 78.1)

0.52 
(0.48, 0.59)

   Periappendiceal 
   fluid 312 33 of 89 41 of 223 2.616 (1.51, 4.52)

37.1 (27.1, 
48.0)

81.6  
(75.9, 86.5)

44.6  
(33.0, 56.6)

76.5 
(70.6, 81.7)

0.59 
(0.52, 0.67)

   Presence of  
   appendicolith

312 20 of 89 32 of 223 1.730 (0.93, 3.23)
22.5  
(14.3, 32.6)

85.7  
(80.4, 90.0)

38.5  
(25.3, 53.0)

73.5 
(67.7, 78.3)

0.54 
(0.47, 0.61)

No. of 
patients 
(n = 395)

Patient category*

Odds ratio
Sensitivity
(%)

Specificity
(%)

PPV (%) NPV (%) AUC 
Complicated Uncomplicated

Values in parentheses are 95 per cent c.i. *Complicated includes complicated appendicitis and 

complicated alternative diseases; uncomplicated includes uncomplicated appendicitis and un-

complicated alternative diseases. †For body temperature and C-reactive protein level, sensitivity, 

specificity, positive predictive value ( ), negative predictive value ( ) and area under the re-

ceiver operating characteristic (ROC) curve (AUC)  were calculated based on the highest category 

(at least 38°C and over 100 mg/l respectively).

0
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 coefficient Odds ratio

Clinical features

   Age ≥ 45 years 0.69 2.24 (1.08, 4.63)

   Body temperature (°C )      
          37.0
         37.1–37.9
         ≥ 38.0

–
1.15
1.92

1.00 (reference)
3.82 (1.47, 9.93)
9.34 (3.28, 26.61)

   Duration of symptoms ≥ 48 h 1.06 3.45 (1.54, 7.70)

   WBC count > 13 × 109/l 0.83 2.62 (1.23, 5.62)

   CRP (mg/l) 
          50
         51–100 
         > 100

– 
1.01
1.55

1.00 (reference) 
3.25 (1.32, 8.00)
6.12 (2.39, 15.71)

CT features

   Free extraluminal air 2.34 15.29 (2.53, 92.19)

   eriappendiceal fluid 0.97 3.09 (1.38, 6.88)

   Presence of appendicolith 0.95 3.03 (1.38, 6.62)

Intercept –4.72

APPENDIX 2 Full model based on clinical and CT features

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following formula: P = 

1 (1   exp(  ( 4.72  0.69 (if age ≥ 45 years)  1.15 (if body temperature 37 38 C)  1.92 (if body temperature ≥ 38 C) 
 1.06 (if duration of symptoms ≥ 48 h)  0.83 (if C count  13  109/l) + 1.01 (if CRP level > 50 mg/l) + 1.55 (if CRP 

level  100 mg l)  2.34 (if free extraluminal air on CT)  0.97 (if periappendiceal fluid on CT)  0.95 (if presence of 
appendicolith on CT)))).
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 coefficient Odds ratio

Clinical features

   Age ≥ 45 years 0.76 2.45 (1.33, 4.51)

   Body temperature (°C )     
          37.0
         37.1–37.9
         ≥ 38.0

–
0.48
1.28

1.00 (reference)
1.77 (0.87, 3.62)
4.53 (1.97, 10.43)

   Duration of symptoms ≥ 48 h 0.51 1.83 (0.95, 3.50)

   WBC count > 13 × 109/l 0.74 2.39 (1.28, 4.45)

   C-reactive protein (mg/l) 
          50
         51–100 
         > 100

–
1.40
1.65

1.00 (reference)
5.22 (2.36, 11.53)
7.08 (3.29, 15.22)

Ultrasound features

   eriappendiceal fluid 0.74 2.41 (1.24, 4.71)

   Presence of appendicolith 0.58 1.99 (0.89, 4.44)

Intercept –3.69

APPENDIX 3 Full model based on clinical and ultrasound features

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following formula: P 

= 1 (1   exp(  (  3.69  0.76 (if age ≥ 45 years)  0.48 (if body temperature 37 38 C)  1.28 (if body temperature ≥ 
38 C)  0.51 (if duration of symptoms ≥ 48 h)  0.74 (if C count  13  109/l) + 1.40 (if CRP level > 50 mg/l) + 1.65 

(if CR  level  100 mg l)  0.74 (if periappendiceal fluid on ultrasonography)  0.58 (if presence of appendicolith on 
ultrasonography)))).
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ABS TR AC T

Purpose | The appendix can be a rare cause for chronic right lower quadrant ab-
dominal pain (RLQAP), even though no objective disorder can be determined to 
the appendix. This condition can be described as chronic appendicitis or (neu-
rogenic) appendicopathy. After careful selection, elective appendectomy is per-
formed in our centre for this group of patients. 

Methods | All patients that underwent an elective appendectomy between 2006 
and 2013 were prospectively analyzed. Inclusion criteria were chronic RLQAP 
without abnormalities seen on imaging. Exclusion criteria were pain after con-
servative treatment of (complicated) appendicitis or an abnormal appendix on 
imaging like a mass, mucocele or faecolith. Primary outcome was the effect on 
the pain postoperatively.

Results | In the period of the study 10 patients met the inclusion criteria and un-
derwent an appendectomy for chronic RLQAP. Average preoperative pain score 
assessed with visual analogue scale (VAS) was 8.6. Pre-operative work-up showed 
no abnormalities. No macroscopic abnormalities were seen during surgery in any 
of the patients. Histopathological analysis was obtained and showed limited ab-
normalities in 8 of 10 patients, mostly suspicion of previous inflammation. ostop-
eratively, no complications occurred and at revision after 3 weeks average VAS 
was 1.0. Long-term follow up showed that patients remained free of symptoms, 
average VAS after a median of 33 month was 1.0. 

Conclusions | A significant reduction of pain was achieved after an appendec-
tomy in all patients suffering from chronic RLQAP in this series. Seven out of ten 
patients were completely free of pain.
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INTRODUC TION

An appendectomy for acute appendicitis is a frequent emergency surgical proce-
dure. Elective appendectomy is normally only performed for appendiceal abnor-
malities like an appendiceal mass or if a patient remains symptomatic after con-
servative treatment of (complicated) appendicitis. However, patients with chronic 
right lower quadrant abdominal pain (RLQAP) without objective abnormalities of 
the appendix can still benefit from an appendectomy. This often misdiagnosed or 
unrecognized condition can be described as chronic appendicitis1,2 or (neurogen-
ic) appendicopathy3,4.  

ne randomized controlled trial reports that an appendectomy can be beneficial 
for patients with chronic RLQAP5. Also in our centre, patients with chronic RLQAP 
are considered for appendectomy. These patients were prospectively analysed to 
review the result of a laparoscopic appendectomy on the chronic pain.

 
MATERIAL AND METHODS

All adult patients who underwent an elective laparoscopic appendectomy be-
tween 2006 and 2013 were prospectively analyzed for the presence of chronic 
RLQAP. Tergooi hospital is a general community teaching hospital in Hilversum in 
the centre of The Netherlands.

Patients were referred to the gastrointestinal surgeon by a general practitioner 
or a consultant from another specialty (gastroenterologist or gynaecologist). 
Medical history was obtained and physical examination was carried out. Labo-
ratory tests in the blood, namely leucocytes count and C-reactive protein were 
obtained. Subsequently, additional imaging (ultrasound, computed tomography 
scan or magnetic resonance imaging and colonoscopy) was performed and if nec-
essary, another specialty like a gastroenterologist or gynaecologist was consulted 
to rule out other pathology.   

Criterion for inclusion were chronic RLQAP for more than two months without ab-
normalities seen on imaging. Exclusion criteria were a history of non-operative 
treatment of appendicitis or an abnormal aspect of the appendix on imaging like 
a mass or faecolith.

Before anaesthetic induction, patients received one intravenous dose of cepha-
losporin and metronidazole as prophylaxis. The laparoscopic appendectomy was 
performed by a gastrointestinal surgeon using 3 trocars and the base of the ap-
pendix was closed using a stapling device. The removed appendix was analysed 
for histopathological abnormalities.

Follow-up was carried out after several weeks postoperatively, the primary out-
come was the result on pain assessed by VAS (visual analogue scale)6. Secondary 
outcome was a complication of the performed surgery. Long term follow-up was 
carried out by telephone consultation.  

08
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RESULTS

Between January 2006 and November 2013 an elective appendectomy was per-
formed in 30 patients at Tergooi hospital. The indication for this planned surgery 
was because of recurrent or chronic appendicitis or persistent complaints after 
non-operative treatment of an acute appendicitis in nine patients and because of 
abnormalities of the appendix or an appendiceal mass in 11 patients. 

Ten patients met the inclusion criteria for chronic RLQAP without objective abnor-
malities of the appendix on imaging. Mean age was 35 years (range 19-51), eight 
patients were female. Seven patients had a blank medical history, one patient was 
earlier diagnosed with endometriosis, one patient had a cholecystectomy and 
one patient had spine surgery in medical history. All patients had local tender-
ness on physical examination and average pain score assessed with the visual 
analogue scale before surgery was 8.6 on the scale of 10 (range 5-10). The labo-
ratory results were normal in all patients on pre-operative outpatient assessment, 
in one patient C-reactive protein was recently before 67 mg/L and in one patient 
leucocytes count was recently before 14.4x109/L. All patients underwent an ultra-
sound of the abdomen, nine patients underwent a computed tomography scan, 
two patients a magnetic resonance imaging scan and nine patient a colonoscopy. 
There were no abnormalities seen on the pre-operative imaging and no other 
pathologies were found when consulting a gastroenterologist in three patients or 
a gynaecologist in two patients.

Patient Sex Age Surgical findings Histopathological findings Complications

1 F 41 No abnormalities Endo-appendicitis None

2 F 23 No abnormalities No abnormalities None 

3 F 20
Long appendix, left 
sided ovarian cyst

Suspicious for  
previous inflammation None

4 F 19 No abnormalities
Suspicious for  
previous inflammation None

5 F 46 No abnormalities Faecolith None

6 F 45 No abnormalities
Suspicious for  
previous inflammation None

7 M 51 No abnormalities Endo-appendicitis None

8 F 22 No abnormalities Sana, obliterated tip None

9 M 33 No abnormalities No abnormalities None

10 F 49
Long appendix, 
right sided  ovarian 
cyst

Suspicious for  
previous inflammation

Haematoma 
(no  
intervention)

F female, M male

TABLE 1 Outcome of surgery and pathology
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All ten patients underwent a laparoscopic appendectomy, no conversions to 
open surgery was necessary in any of the patients. During surgery, no macroscop-
ic abnormalities were seen besides a long appendix and an ovarian cyst in two 
patients. With pathological analyses the appendix was considered abnormal in 8 
patients and these findings were mostly suspicious for a previous inflammation. 
Details of surgical and histopathological findings are displayed in Table 1.

In nine patients hospital stay was 1 day; in one patient hospital stay was 4 days 
because of suspicion of postoperative bleeding that resolved by itself without 
re-intervention.  

Short term follow up was carried out at the outpatient clinic after a median of 18 
days (range 8-48 days) resulting in an average VAS of 1.0 (range 0-6) and six out of 
ten patients being completely free of pain. No complications occurred within the 
follow-up of the patients.

Long term follow-up was performed by telephone consultation after a median pe-
riod of 33 months (range 5-85 months), average VAS was still 1.0 (range 0-5) and 
seven out of ten patients were completely free of pain. Detailed results on pain 
scores assessed with AS are displayed in Table 2. All patients were satisfied with 
the result of the surgery and would make the same choice again for this treatment.  

Patient Preoperative pain (VAS) Short term pain 
(VAS)

Long term pain 
(VAS)

1 9 0 0

2 9 0 0

3 9 1 0

4 9 0 0

5 5 0 0

6 9 0 0

7 8 1 3

8 9 2 5

9 10 0 2

10 9 6 0

TABLE 2 Outcome on pain

08



142

CH A P TE R 8

DISCUSSION

In this study, the patients with chronic RLQAP had an excellent result on the chron-
ic pain after a laparoscopic appendectomy. The patients that underwent an ap-
pendectomy were mainly young women under 50 years of age; only two men 
were diagnosed with chronic RLQAP and were considered for surgery. Before 
considering surgery we performed thorough examination with imaging such as 
an ultrasound, a CT- or MRI-scan and a colonoscopy to exclude other pathologies 
like inflammatory bowel disease or malignancy. 

Strict criteria were pursued including only patients with typical localized pain but 
without objective abnormalities of the appendix, because in this small group of 
patients the indication for surgery is often indistinct. In patients with RLQAP who 
do have objective abnormalities of the appendix on imaging, there is no doubt 
that there is an indication for an appendectomy.

The pre-operative pain assessed with the visual analogue scale was very high in all 
patients, this high score can be explained because most patients were desperate 
because of the often progressive, persisting pain they were suffering from.

The possible benefit of the procedure has to be weighed against the possible 
complications of an appendectomy. In acute appendicitis these complications 
are mainly wound infections (3.6% for laparoscopic surgery and 7.3% for open 
surgery) and intra-abdominal abscesses (1.6% for laparoscopic surgery and 0.6% 
for open surgery)7. In this cohort no infectious complications were seen in any of 
the patients. Long term complications of an appendectomy can be adhesions re-
sulting in small bowel obstruction; however the laparoscopic approach results in 
fewer adhesions compared to open surgery8,9. 

In the histopathological findings of the macroscopic normal apparent appendices 
a suspicion of previous inflammation was seen in most cases. In fact, only two 
specimens were considered histological normal. We don’t know if manipulation 
of the appendix during surgery can also explain these findings but hypothetically 
it can also be a good explanation for the chronic pain. 

During laparoscopy for suspicion of acute appendicitis, a non-inflamed appendix 
can be well distinguished from a non-inflamed appendix10. The Dutch guideline11 
advises not to remove the appendix when it is not inflamed because of studies12,13 
that report it is safe to leave the appendix in place and because of the morbidity 
of removing a normal appendix14. 

However, discrepancies can be seen between the surgeon’s diagnosis and the 
histopathological findings15. and there are also studies that advise to perform an 
appendectomy even if the appendix looks normal1,16. 

Roumen et al. performed a randomized clinical trial including patients with chron-
ic right lower quadrant pain and reported that patients who underwent an appen-
dectomy had significantly less pain in comparison with patients who underwent 
a diagnostic laparoscopy alone5. Forty patients were included in this study in a 
period of ten years. Also in our centre, the prevalence of chronic RLQAP is low; 
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only 10 patients were selected for surgery in 8 years. However, the incidence of 
this condition might be higher. Because of the unfamiliarity with this entity, appro-
priate referral does not occur or there can be a resistance to perform surgery for 
the subjective complaints without objective abnormalities. 

In conclusion, after careful selection patients with chronic R A  benefit from a 
laparoscopic appendectomy in this study.
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ABS TR AC T

Int roduc t ion |  Laparoscopic appendectomy is the treatment of choice 
for appendicitis provided sufficient laparoscopic expertise is available.  
The endostapler possibly provides an easier and safer closure of the appendiceal 
stump, but at greater expense. This study aimed to compare two strategies for 
closure of the appendiceal stump in a large retrospective cohort of patients. 

Met hods |  This study reviewed patients who underwent laparoscopic 
appendectomy for acute appendicitis in three academic hospitals and two 
regional hospitals in The Netherlands during the period 1 January 2007 to 30 June 
2011. The endostapler was routinely used in two hospitals and selectively used in 
the remaining three hospitals. Both strategies were compared for complications 
according to the Clavien Dindo classification.

Result s  |   A total of 1,036 patients were analyzed according to the strategy 
followed. The 571 patients in the first group were routinely treated with the 
endostapler. For the 465 patients in the second group, the intentional method 
of stump closure was with endoloops. The endostapler was used when 
indicated for 69 of these patients. The patient characteristics did not differ 
between the two groups. The groups also did not differ significantly in number 
of intra- and postoperative complications. In both groups, 4.3 % of the patients 
had complications classified as grade 3 or higher. There were no significant 
differences in the prevalence of intraabdominal abscesses (3.2 % vs. 4.3) or 
wound infections (0.4 and 1.5 %). In a multivariate analysis, the chosen strategy 
 for stump closure was not a significant predictor for postoperative complications.

Conclusion   |  Routine use of the endostapler showed no clinical advantages over 
the use of endoloops with selective endostapler closure. The latter strategy is 
preferable because it is more cost effective. 
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INTRODUC TION

Laparoscopic appendectomy is the treatment of choice for appendicitis 
provided sufficient laparoscopic expertise is available. The known advantages of 
laparoscopic appendectomy are less postoperative pain, shorter hospital stay, 
and fewer wound infections. A significant downside of laparoscopy is the higher 
prevalence of intraabdominal abscesses.1 

Although the surgical technique of laparoscopic appendectomy is well 
established, controversy exists regarding the closure of the stump. In the early 
days, the appendiceal stump was secured using endoloops, whereas some 
clinicians currently advocate routine use of the endostapler. The endostapler 
might be associated with a shorter learning curve, shorter operating time, reduced 
complexity of the procedure, less purulent or fecal spill, and a more secure closure 
of the appendiceal stump at the expense of higher costs.

Endostaplers are expensive and require a disposable 12-mm port for 
their introduction. The extra costs for the use of a stapling device and 
the additional port vary, but can be estimated at €300 (US$380).2,3 Free 
intraperitoneal staples, although usually innocuous, represent a potential  
risk for mechanical bowel obstruction.4,5

The placement of endoloops is theoretically associated with a higher risk of 
surgical-site infections due to fecal contamination. This is partly inevitable 
because cutting of the appendix between loops leaves the mucosa exposed. 
In addition, endoloops require more manipulation of the appendix, and they 
can dislodge from the appendiceal stump. Loops may not be safe for closure if 
the base of the appendix is involved in the inflammation. If loops are too tight,  
they might amputate the stump, predisposing to stump leakage.2   

The Achilles heel of laparoscopic appendectomy is surgical-site infection. The 
prevalence of intraabdominal abscesses (4.2 %) and wound infections (0.5 %) after 
laparoscopic appendectomy is small but significant.1 They can lead to readmission, 
reintervention, additional treatment, and a prolonged hospital stay.

The higher incidence of intraabdominal abscesses observed after laparoscopic 
appendectomy suggests that the method of stump closure might play a 
role. Two metaanalyses regarding this topic concluded that based on four 
small and low-quality randomized trials, only the prevalences of wound 
infection and postoperative ileus were reduced using the endostapler instead  
of endoloops, a remarkable finding.2,6 

According to the presented data of the cited studies, a randomized trial with a 
total group size of at least 1,200 patients would be necessary to assess whether 
securing the appendiceal stump with an endostapler is superior to closure with 
endoloops. Such a randomized trial would be a major and costly effort. 

In the current study, the two strategies of stump closure were assessed 
retrospectively. One strategy involved routine use of the endostapler, whereas 
the other strategy involved routine use of the endoloops with selective use of the 
endostapler. 
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METHODS

This article was drafted according to the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) checklist.7 Five Dutch hospitals 
were selected for their known protocols mandating the routine use of either 
the endostapler or endoloops for laparoscopic appendectomy. The operation 
records from these five hospitals (3 academic and 2 regional hospitals) were 
searched for the operation code term ‘‘appendectomy’’ between 1 January 2007 
and 30 June 2011. All patients 18 years or older who underwent laparoscopic 
appendectomy were included in the study. Patients who had undergone 
open appendectomy were excluded because the method of stump closure is  
different (Fig. 1).

In the aforementioned time frame, the Academic Medical Center used endoloops 
routinely. The Erasmus University Medical Center and the Tergooi Hospitals 
(regional teaching hospital) used the endostapler. The Free University Medical 
Center primarily used endoloops, then switched to routine use of the endostapler 
by September 2009. In the Flevo Hospital (regional nonteaching hospital), the 
standard treatment depended on the surgeon. Four surgeons applied endoloops, 
and the four remaining surgeons routinely used the endostapler.

The patients in this study were analyzed according to the method that was 
standard for the hospital or the surgeon at that time. No national guideline for 
acute appendicitis was available at the time of the study. In The Netherlands, 
complications of surgery are routinely registered according to a nationwide 
format describing the type of complication and its severity. For analysis of 
the  complications, the Clavien Dindo classification was used to stratify the 
complications in terms of pharmacologic treatment (grade 2); surgical, endoscopic, 
or radiologic reintervention (grade 3), intensive care unit (ICU) management (grade 
4), or death (grade 4). The complications were stratified for a severity of grade 3 
or higher.8

The most commonly used procedure for laparoscopic appendectomy was a three-
trocar technique, with trocar ports placed subumbilically in the left iliac fossa and 
suprapubically. Appendectomy was performed with either the endostapler or 
endoloops depending on the hospital protocol. The mesoappendix was dissected 
from the appendix by coagulation, and the appendicular artery was coagulated, 
clipped, or both. The endostapler was fired at the base of the appendix with blue 
cartridges and a 35- or 45-mm blade.

In case of perforation or necrosis of the appendiceal base or inflammation of 
the cecum, the stapler was fired taking a rim of healthy cecum. In the endoloops 
group, the loops were placed over the base of the appendix, and the appendix was 
dissected between the loops. The use of one or two proximal loops and one distal 
loop was the standard approach.

The indications for use of the endostapler in the endoloops hospitals were 
perforation or necrosis of the appendiceal base and a broad-based appendix. The 
appendix was removed through a trocar or in an endobag through a port site. Local 
suction and lavage of abdominal fluids were performed when cloudy or purulent 
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fluids were present in the abdomen. A fascia of port sites larger than 10 mm was 
routinely closed. The skin incisions were routinely closed with intracutaneous 
resorbable sutures.

One dose of antibiotics was administered to all patients intraoperatively. 
Postoperatively, antibiotics were administered when a necrotic or perforated 
appendix was found. The most common postoperative regimen was a combination 
of cefuroxime and metronidazole, administered  intravenously for 3–5 days.

After discharge, all patients were scheduled for a visit at the outpatient department 
within 2 weeks postoperatively. In case of an uneventful recovery, the patients were 
discharged from further follow-up evaluation.

All operation records were specifically evaluated for the type of stump closure 
and other variations to the standard technique described earlier. The primary 
outcome parameters were prevalence of intraabdominal abscesses and wound 
infections. The secondary outcome parameters were all intra- and postoperative 
complications, duration of the operation, hospital stay, ICU admission, and 
readmission to the hospital. Patient data, operation records, outcome data, and 
the pathology report were retrieved from the medical files.

Statistical analysis was performed with IBM SPSS for Windows, version 20.0 (IBM 
SPSS, Chicago, IL, USA). The Pearson Chi square test, Fisher’s exact test, and the 
Mann–Whitney U test were applied when applicable.

Regression analysis was performed with both uni-multivariate analysis using 
a p value of 0.20 as a cutoff point for significant variables in univariate analysis. 
Confidence intervals represent 95  confidence.

FIGURE 1 Flowchart of inclusion

09



156

CH A P TE R 9

RESULTS

During the period 1 January 2007 to 30 June 2011, 2,095 patients underwent 
appendectomy at the five participating hospitals. For 932 patients, appendectomy 
was performed using an open procedure (44%). The study excluded 127 
laparoscopic appendectomies because the method of stump closure was unclear 
(n = 67), the procedure had been elective (n = 40), the appendectomy had been 
incidental during a larger procedure (n = 14), or the appendicitis was secondary to 
an ad acent inflammatory process (n = 6).

The study included 1,036 patients (Fig. 1). These patients were assigned to two 
groups according to the strategy of stump closure. For 571 patients (55 %), 
appendectomy was routinely performed with the use of an endostapler, whereas 
for 465 patients (45 %), endoloops were used routinely to secure the stump. The 
endostapler was used when indicated for 69 patients (15 %) in this group.

The reported reasons for conversion from endoloops to the endostapler 
were inflammation of the appendiceal base (30 patients), perforation of 
the base (11 patients), retrograde removal due to inflammatory mass of the 
appendix (9 patients), and dislodgement of the endoloops (4 patients). For 15 
patients, the reason for conversion to use of the endostapler was not stated. 
   

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with routine 
endoloops 
(n = 465) n (%)

p value

Male/female ratio 276 (48)/295 202 (43)/263 0.118

Age (median) 36 34 0.077

Comorbidities 96 (17) 91 (20) 0.257

Prior abdominal 
surgery 

51 (9) 71 (15) 0.002

Distribution of 
patients

Academic Medical 
Centre

Flevo Hospital

VU Medical Center

Erasmus Medical 
Center

Tergooi Hospitals

 
8 (3)

 
57 (36)

94 (48)

78 (88)

 
334 (96)

 
234 (97)

 
103 (64)

104 (53)

11 (12)

 
13 (4)

TABLE 1 Demographic data
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TABLE 2 Operative characteristics

*g value with exclusion of unkown cases

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with  
routine endoloops 
(n = 465) n (%)

p value

Median operative time (min) 58 60 0.297

Surgical staff  
    Consultant with trainee 
    Trainee supervised by consultant 
    Consultant only 
    Trainee with trainee 
    Trainee only 

 
28 (4.9) 
294 (51.5) 
125 (21.9) 
89 (15.6) 
35 (6.1)

 
19 (4.1) 
77 (16.6) 
122 (26.2) 
139 (29.9) 
108 (23.2)

0.000

Abdominal pus  
    No pus 
    Localised  
    Diffuse   
    Unknown

 
462 (80.9) 
93 (16.3) 
16 (2.8) 
0

 
344 (74.0) 
88 (18.9) 
10 (2.2) 
23 (4.9) 

0.300

Histopathology  
    Normal 
    Acute flegmonous inflammation  
    ecrotic inflammation 
    Other pathology 

 
11 (1.9) 
447 (78.3) 
84 (14.7) 
29 (5.1)

 
29 (6.2) 
342 (73.5) 
72 (15.5) 
22 (4.7)

0.004

Perforation intraoperatively 
    No perforation  
    Perforation  
    Perforation at time of removal  
    Unknown 

 
488 (85.5) 
53 (9.3) 
21 (3.7) 
9 (1.6) 

 
387 (83.2) 
32 (6.9) 
21 (4.5) 
25 (5.4) 

0.364*

Specimen extraction 
    Through trocar 
    Through skin (endobag) 
    Unknown

 
216 (37.8) 
316 (55.3) 
39 (6.8)

 
176 (37.8) 
227 (48.8) 
62 (13.3)

0.350*

Intraoperative complications 
   Bleeding appendicular artery 
    Trocar site bleeding  
    Organ lesion 

 
37 (6.5) 
13 (2.3) 
7 (1.2)

 
19 (4.1) 
6 (1.3)  
6 (1.3)

 
0.098 
0.352 
1.000

Postoperative antibiotics  
    None 
    1 day 
    >1 day 
    Unknown

 
226 (39.6) 
147 (25.7) 
125 (21.9) 
73 (12.8)

 
323 (69.5) 
22 (4.7) 
94 (20.2) 
26 (5.6) 

0.000
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The two groups did not differ significantly in terms of sex, age, or comorbidities 
(Table 1). However, more patients in the endoloops groups had undergone 
prior abdominal surgery. This could have been due to a more complete 
surgical history in the electronic patient files of the Academic Medical Centre 
at the time of the research or to the treatment of more complex patients in 
the academic medical centers, two of which applied endoloops routinely. 

Strategy with routine 
endostapler 
(n = 571) n (%)

Strategy with routine 
endoloops 
(n = 465) n (%)

p 
value 

Admission (days)

     Mean

     Median 

3.1

2

3.3

2

0.166

0.173

Clavien–Dindo 
classification
     0-1

     2

     3-5

 
422 (74)

124 (22)

25 (4.3)

 
360 (77)

85 (18)

20 (4.3)

 
 
 
 
0.314 
 

ICU admission 3 (0.5) 5 (1.1) 0.479

Readmission 26 (4.6) 27 (5.8) 0.396

Postoperative bleeding 10 (1.8) 4 (0.9) 0.283

Intraabdominal abscess 17 (3.0) 20 (4.3) 0.313

Wound infection 2 (0.4) 7 (1.5) 0.087

Paralytic ileus 14 (2.5) 10 (2.2) 0.837

Trocar-site hernia 5 (0.9) 4 (0.9) 1.000

Diagnostic measures 

     CT

     Ultrasound 

34 (6.0)

45 (7.9)

34 (7.3)

44 (9.5)

0.381

0.375

TABLE 3 Outcomes
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In the majority of the appendectomies, a trainee was the principal surgeon, but 
significantly more often in the endoloops group (Table 2). The histopathologic 
diagnoses and the numbers of perforated appendicitis were equally distributed 
between the two groups, but the endoloops group had 4.3 % more normal 
appendectomy specimens (Table 2).

The median operative time did not differ significantly between the endostapler 
and endoloops groups (Table 2). The prevalence of intraoperative complications 
also did not differ significantly between the two groups. leeding of the 
appendicular artery, trocar-site bleeding, serosal injury (0.7 vs. 1.1 %; p = 0.525) 
and cecal perforation (0.5 vs. 0.2 %; p = 0.632) occurred in both groups (Table 
2). Endostapler- related complications included nonfunctioning of the endostapler 
for 18 patients (3.2 %), bleeding of the stapled appendiceal stump (1.2 %), and 
purulent spill at the time of stapling (0.5 %). For one patient, the appendectomy was 
converted because the stapled appendiceal stump appeared to be insufficient. In 
the endoloops group, the recorded complications were purulent or fecal spill at 
the time of appendix dissection (3.4 ), insufficient closure of the stump requiring 
laparoscopic suturing (1.3 %), and dislodgement of the endoloops (0.9 %).

Postoperative antibiotics were administered for 3–5 days at all the hospitals in case 
of purulent peritonitis, perforation of the appendix, or rupture of the appendix 
intraabdominally. A difference in the antibiotic regimen was caused by the 
routine administration of antibiotics for 1 day postoperatively to all patients with 
nonpurulent, nonperforated appendicitis at one of the hospitals that applied the 
endostapler.

The two strategies did not differ significantly in numbers of complications (p = 
0.314) shown in stratification with the Clavien Dindo classification. In both groups, 
4.3 % of the patients had complications that needed reintervention, required ICU 
admission, or led to death.

Readmission was recorded for 4.6 and 5.8 % of the patients (p = 0.396, Table 3). 
The most common reason for readmission was the presence of an intraabdominal 
abscess. The endoloops group had a slightly higher rate of intraabdominal 
abscesses (3.2 vs. 4.3 %; p = 0.406) and wound infections (0.4 vs. 1.5 %; p = 0.087), 
but the difference was not significant. The two groups also showed no significant 
difference in the prevalence of postoperative paralytic ileus (2.5 vs. 2.2 %; p = 
0.837) or trocar-site hernia (0.9 vs. 0.9 %; p = 0.979). In both groups, 14 patients 
underwent percutaneous drainage of an intraabdominal abscess (2.5 vs. 3.0 %; p 
= 0.701).

Subgroup analysis of the patients who underwent conversion from endoloops to 
endostapler (n = 69) showed a more complicated postoperative course. Five patients 
(7.2 %) were readmitted; frequent complications in the converted group were 
intraabdominal abscesses (10.1 %), wound infections (4.3 %) and paralytic ileus (2.8 %). 
The subgroup analysis for either perforated or nonperforated appendicitis did not 
show any significant differences in the prevalence of complications. Subgroup analysis, 
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Strategy with routine 
endostapler n (%)

Strategy with routine 
endoloops n (%)

p 
value

Clavien–Dindo 
classification

Leaving out VUmc, total

     0-1

     2

     3-5

447

357 (74.8)

99 (20.8)

17 (4.7)

361

277 (76.7)

67 (18.6)

21 (4.4)

0.868

Leaving out Tergooi, total

     0-1

     2

     3-5

237

165 (69.6)

60 (25.3)

12 (5.1)

452

350 (77.4)

83 (18.4)

19 (4.2)

0.699

Leaving out Flevo, total

     0-1

     2

     3-5

514

381 (74.1)

112 (21.8)

21 (4.1)

362

282 (77.9)

70 (19.3)

10 (2.8)

0.355

Leaving out Erasmus, total

     0-1

     2

     3-5

493

370 (75.1)

102 (20.7)

21 (4.3)

454

351 (77.3)

84 (18.5)

19 (4.2)

1.000

Leaving out AMC, total

     0-1

     2

     3-5

563

415 (73.7)

123 (21.8)

25 (4.4)

231

180 (77.9)

36 (15.6)

15 (6.5)

0.283

TABLE 4 utcome in Clavien Dindo classification with one hospital left out
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OR (95 % CI) p value

Male gender 1.122 (0.617–2.040) 0.705

Median age (years) 1.007 (0.988–1.027) 0.455

Comorbidity 1.908 (0.981–3.709) 0.057

Prior abdominal surgery 1.160 (0.481–2.801) 0.741

Consultant present 1.763 (0.883–3.523) 0.108

Duration of operation (min) 1.000 (0.988–1.012) 0.961

Method of first trocar insertion
     Open method

     Closed method

0.479 (0.141–1.634)

0.785 (0.193–3.203)

0.294

0.240

0.736

Strategy with endostapler
only at indication

0.982 (0.538–1.791) 0.952

Use of endostapler

     Routine

     At indication

1.349 (0.681–2.670)

3.326 (1.277–8.663)

0.046

0.390

0.014

Peritonitisa

     Localized pus

     Generalized pus

3.529 (1.844–6.754)

6.190 (1.973–19.416)

0.000

0.000

0.002

Appendiceal perforationb

   Appendix perforated preoperatively

   Appendix perforated intraoperatively

4.795 (2.348–9.793)

1.459 (0.336–6.329)

0.000

0.000

0.614

Postoperative antibioticsc

     1 day

  >1 day

1.518 (0.568–4.056)

4.144 (2.023–8.487)

0.001

0.406

0.000

Histopathologic conclusiond

     Flegmonous inflammation
     angrenous inflammation

1.276 (0.169–9.664)

5.087 (0.658–39.310)

0.000

0.813

0.119

TABLE 5 Variables in univariate analysis outcome: Clavien-Dindo higher than 2a

R odds ratio, CI confidence interval
The parameter ‘‘preoperative antibiotics’’ is not analyzed due to lack of data on this parameter

a For 23 patients, it was not reported whether abdominal pus or peritonitis was found. b For 34 patients, it was 

not reported whether the appendix was perforated pre- or intraoperatively. c For 99 patients, it was not reported 

whether postoperative antibiotics were administered. d For 51 patients, it was not reported whether the histopa-

thologist diagnosed flegmonous or  gangrenous inflammation
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by restricting the analyses to only four of the five hospitals, supported the results. 
Four of five analyses showed a nonsignificant more favorable outcome for the 
endoloops groups in a comparison of the Clavien–Dindo scores higher than 2. 

hen the fifth analysis left out the Academic Medical Centre, the result showed a 
nonsignificant favorable outcome for the endostapler group (p = 0.283) (Table 4).

A regression analysis was performed to determine risk factors for postoperative 
complications with a severity greater than 2 according to the Clavien–Dindo 
classification. The univariate analysis showed that comorbidity, the presence of a 
consultant, localized or generalized intraabdominal pus, use of the endostapler 
when indicated, appendiceal perforation, gangrenous inflammation, and 
postoperative antibiotics received for more than 1 day were significant univariate 
predictors (p < 0.20, Table 5).

 
DISCUSSION

The routine use of endoloops for securing the appendiceal stump in laparoscopic 
appendectomy does not lead to more severe complications than the routine use 
of an endostapler. o significant differences were found for operative time or 
complications, whether intra- or postoperative. We therefore concluded that the 
higher costs for routine use of the endostapler might not be ustified in the light 
of its clinical benefits. A selective use of the endostapler for inflammation or for 
perforation of the appendiceal base or cecum did not show outcomes that differed 
from those with routine use. 

In The Netherlands, 16,000 appendectomies are performed annually. A strategy 
of selective endostapler use would save health care ~4.1 million euros annually. 
This study included patients who underwent surgery with either the endostapler 
or endoloops based on the hospital protocol or personal surgical preference. 
Conversions to open surgery were excluded from the study. Laparoscopic 
appendectomy converted to an open procedure is most likely caused either by 
inability to locate the appendix or by inability to mobilize an appendiceal mass. 
Conversion is not likely related to the method of stump closure. Conversion due to 
an insufficiently stapled appendiceal stump occurred with only one patient.

This study had several limitations. Due to the retrospective nature of the analysis, 
complications may have been underreported. Particularly wound infections 
might have been underreported because only two cases of wound infection were 
recorded in the endostapler group. However, the prevalence of wound infection in 
the endoloops group (1.5 %) was higher than the prevalence in the latest Cochrane 
metaanalysis on this subject.1 For all the other complications, the patients were 
routinely seen once after discharge, and outpatient medical records were included 
in this study. Drainage of intraabdominal abscesses or small bowel obstructions 
require readmission and therefore are always reported.

In the endostapler group, more patients underwent their operations in the 
presence of a consultant. According to the multivariate analysis, the presence of 
a consultant was a significant predictor for complications, a remarkable finding 
that probably is due to a higher-risk mix of patients who required more surgical 
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expertise. Further on, more normal appendices were resected in the endoloops 
group, thereby biasing the outcome of appendectomy in favor of this group. 
However, the histopathologic diagnosis was not correlated with the prevalence 
of intraabdominal abscesses in the multivariate analysis. More antibiotics were 
administered in the endostapler group, causing a possible bias in favor of the 
endostapler group. There was no standard nationwide regimen for the antibiotic 
treatment of a perforated appendix at that time. Using multivariate analysis, we 
corrected for the postoperative administration of antibiotics.

A nonstatistical difference is no demonstration of equivalence. Beldi et al.3 
published a large prospective nonrandomized series on this subject in 2006. In 
their study, they presented a lower prevalence of intraabdominal abscesses in the 
endostapler group, but the difference was not significant. The operative time in 
their series was 1.7 min shorter in the endostapler group, which is comparable 
with our findings. A subgroup analysis of the patients with acute nonperforated 
appendicitis showed a significant decrease in the prevalence of intraabdominal 
abscesses favoring the endostapler group in their study. In contrast, Sahm et 
al.9 found a lower prevalence of intraabdominal abscesses (1.6 %) after the use 
of endoloops in a retrospective series (n = 1,790), but appendectomy with the 
endostapler was performed for only 46 patients in their series.

The current study aimed to include 600 patients in both strategy groups to find 
a significant 4  reduction in a combined end point of abdominal abscesses 
and wound infections after routine use of the endostapler. Because we were 
unable to include 1,200 patients, the small decrease in the prevalence of 
abdominal abscesses and wound infections, as presented in this study, has 
insufficient power. However, drafting a study that can show such a significant 
reduction will be a major and costly effort. Based on the data presented in this 
study, more than 6,000 patients might need to be included in such a study (a = 
0.05, b = 0.20). This large number indicates that routine use of the endostapler 
may not lead to a cost-effective practice. Although use of the endostapler might 
be associated with a negligibly better clinical outcome, the higher costs do not 
justify its use in all comers.
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ABS TR AC T

Background | The most appropriate closure for the appendicular stump with 
either endoloops or an endostapler in laparoscopic appendectomy remains un-
clear and under debate because of limited and conflicting evidence.

Methods | In a 2-month prospective, observational, resident-led nationwide co-
hort study, patients undergoing laparoscopic appendectomy for both uncompli-
cated and complicated appendicitis were analyzed. Logistic regression analyses 
were performed for identifying the possible effect of stump closure type and oth-
er risk factors for infectious complications.

Results | Laparoscopic appendectomy for acute appendicitis was performed in 
1369 patients in 62 hospitals; endoloops were used in 76.7% and an endostapler 
in other patients. Median operating time was not different between endoloop 
and endostapler use (42.0 versus 44.0 minutes, =0.243). A superficial surgical 
site infection was seen in 2.0% after uncomplicated appendicitis and in 0.8% af-
ter complicated appendicitis. The intra-abdominal abscess rate was 1.9% after 
uncomplicated and 11.0  after complicated appendicitis. o significant effect of 
stump closure type was observed for any infectious complication (OR 0.95; 95% 
CI 0.566-1.600, P=0.853) or an intra-abdominal abscess (OR 1.04; 95% CI 0.566-
1.913, =0.899). In multivariable analysis complicated appendicitis was identified 
as the only independent risk factor for an infectious complication (OR 3.20; 95% 
CI 1.994-5.145, <0.001).

Conclusions | The infectious complication rate is not influenced by the type of 
appendicular stump closure with either endoloops or an endostapler in this study. 
If technically feasible, closure with endoloops is advised for cost considerations.
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INTRODUC TION

Acute appendicitis is increasingly treated laparoscopically because of faster re-
covery, less pain and fewer wound infections compared to open surgery1. The 
type of appendix stump closure is the most discussed technical part of a laparo-
scopic appendectomy because this is believed to possibly affect the outcome in 
terms of infectious complications. However, this topic is not reflected by substan-
tial evidence in literature and studies draw conflicting conclusions2,3. The most 
appropriate closure type is therefore still under debate and both endoloops and 
an endostapler device are used in current practice to close the appendix stump. 
The most frequent complications after laparoscopic appendectomy are of an in-
fectious origin, mainly the formation of an intra-abdominal abscess1. This compli-
cation has significant clinical implications because often a re-intervention or re-
admission is necessary. The type of appendix stump closure has never proven to 
influence this complication2-4. In practice there is often a default choice of stump 
closure type for a surgeon or surgical department using either endoloops or an 
endostapler. A nationwide prospective audit in the Netherlands was performed 
to investigate outcome of surgery for acute appendicitis. The objective of this 
study is to compare the use of endoloops and endostapler and to analyze the 
possible effect of stump closure on the infectious complication rate.

 
MATERIAL S AND METHODS

The ‘strengthening the reporting of observational studies in epidemiology’ 
(STROBE) statement was used in the study design and for preparing the manu-
script5. The medical ethics committee of the Academic Medical Centre in Amster-
dam 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 | A resident-led prospective observational cohort study was con-
ducted in 62 Dutch hospitals including all consecutive patients that underwent 
surgery for suspected acute appendicitis between the first of une and the end 
of July 2014, preceded by a pilot phase in 8 hospitals in the month May 2014. All 
patients were treated according to the local hospital protocol that was based on 
the Dutch guideline for appendicitis6. One local investigator was responsible for 
identifying patients and collecting the data that was entered anonymized into an 
electronic database. In this analysis only patients that underwent a laparoscopic 
appendectomy for acute appendicitis were included. Primary outcome was the 
occurrence of an infectious complication after appendix stump closure with either 
endoloops or an endostapler in patients with uncomplicated and complicated 
appendicitis. To identify in and out of hospital complications during a 30-day fol-
low-up, the electronic patient database system was checked to monitor visits at 
the emergency department, postoperative imaging or intervention, unscheduled 
outpatient clinic visits and hospital readmission. 

10
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Complicated appendicitis and appendix stump closure  | Complicated appen-
dicitis was defined as necrosis or perforation of the appendix; all other cases with 
acute appendicitis were determined as uncomplicated appendicitis. The local 
surgeon decided on the use of endoloops or endostapler, although some hospi-
tals (n=6) routinely used an endostapler in all patients. The number of loops used 
per appendix stump was registered. The type of endostapler that was used in 
hospitals that routinely used an endostapler was Endo GIATM Tri-Staple Technol-
ogy with purple or tan reload (Covidien) or Endopath ETS Linear Cutter with blue 
reload (Ethicon). 

Infectious complications | An infectious complication was defined as a superfi-
cial surgical site infection or an intra-abdominal abscess. Superficial surgical site 
infection was recorded when administration of antibiotics, opening of the incision 
or both was necessary. An intra-abdominal abscess was defined as a postoper-
ative intra-abdominal fluid collection diagnosed by cross sectional imaging for 
which administration of antibiotics or a radiological or surgical intervention was 
needed.

Statistical analysis | Dichotomous outcomes were compared using the χ2 test 
or Fisher’s exact test where appropriate and comparisons of non-parametric out-
come (medians) were calculated with the Mann-Whitney U test. Odds ratios (OR) 
and 95  confidence intervals (CI) were calculated using logistic regression analy-
sis for comparing infectious complications after use of endoloops or endostapler 
in laparoscopic appendectomy. A multivariable logistic regression model was 
built for variables with P<0.200 in univariable analysis or selected out of special 
interest (i.e. type of stump closure and complicated appendicitis or not). P < 0.050 
was considered statistically significant.

Statistical analyses were performed using SPSS® version 21 (IBM, Armonk, New 
York, USA). 

 
RESULTS

Included patients | A total of 1975 patients underwent surgery for suspected 
acute appendicitis in 62 Dutch hospitals in the 2-month study period (3-months 
in pilot centers). Among the participating hospitals were all academic teaching 
hospitals (n=8), 84% of the community teaching hospitals (n=38) and 41% of the 
community non-teaching hospitals (n=16). The laparoscopic approach was used 
in 1415 patients (74.4%) with acute appendicitis, conversion rate was 3.3%. A total 
of 1369 patients underwent a laparoscopic appendectomy, 70.7% of these had 
uncomplicated and 29.3% complicated appendicitis (necrosis or perforation of 
the appendix).

Endoloops and endostapler use |  In 1050 patients (76.7%) endoloops were used 
and in 318 patients (23.2%) an endostapler was used to close the appendiceal 
stump. In 1 patient the type of stump closure could not be retrieved. An endos-
tapler was routinely used in 6 hospitals (n=153) or only on the surgeon’s request 
at the other hospitals in 165 patients (13.7% endostapler use in these hospitals). 
In case of the latter, the use of an endostapler was associated with presence of 
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Total 
n=968

Endoloops 
n=786

Endosta-
pler 
n=182

P*

Age (years, median) 
      adult (≥18 years) 
      child (<18 years)

28.0 
739 (76.3) 
229 (23.7)

27.0 
587 (79.4) 
199 (86.9)

32.0 
152 (20.6) 
30 (13.1)

0.006# 

0.012

Sex 
      male 
      female

 
447 (46.2) 
521 (53.8)

 
355 (45.2) 
431 (54.8)

 
92 (50.5) 
90 (49.5)

 
0.216

ASA classification 
      1 or 2 
      3 or 4

 
950 (98.1) 
18 (1.9)

 
775 (98.6) 
11 (1.4)

 
175 (96.2) 
7 (3.8)

 
0.059

Pre-operative imaging result 
      uncomplicated 
      complicated 
      no diagnosis 
      missing

 
847 (88.0) 
59 (6.1) 
57 (5.9) 
5

 
693 (88.4) 
45 (5.7) 
46 (5.9)

 
154 (86.0) 
14 (7.8) 
11 (6.1)

 
0.565

Operator 
      consultant or resident under supervision 
      resident without supervising consultant

 
773 (79.9) 
195 (20.1)

 
631 (80.3) 
155 (19.7)

 
142 (78.0) 
40 (22.0)

 
0.538

Operating time 
      minutes, median 
      daytime (8.00-18.00 hours) 
      ‘on call’ hours (18.00-8.00 hours) 
      missing

 
40.0 
461 (48.0) 
499 (52.0) 
8

 
40.0 
365 (46.9) 
413 (53.1)

 
38.0 
96 (52.7) 
86 (47.3)

 
0.185# 

0.162

Histology 
      uncomplicated 
      complicated (necrosis or perforation)

 
904 (93.4) 
64 (6.6)

 
734 (93.4) 
52 (6.6)

 
170 (93.4) 
12 (6.6)

 
1.000

Hospital stay (days, median) 2.0 2.0 2.0 0.347#

Surgical site infection 19 (2.0) 14 (1.8) 5 (2.7) 0.378

Intra-abdominal abscess 18 (1.9) 17 (2.2) 1 (0.5) 0.223

Readmission 46 (4.8) 39 (5.0) 7 (3.8) 0.699

TABLE 1 demographics and surgical outcome of patients undergoing laparoscopic 
appendectomy for acute uncomplicated appendicitis with endoloops or an endostapler

Values in parentheses are percentages

*χ2 test or Fisher s xact Test where appropriate except #Mann-Whitney U test

ASA: American Society of Anesthesiologists
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complicated appendicitis (25.4% complicated appendicitis in endoloop use ver-
sus 54.5% complicated appendicitis in endostapler use, P<0.001). hen using en-
doloops, 2 proximal loops were placed in 54.1% of patients with uncomplicated 
and in 50.2% with complicated appendicitis (P=0.283). 

Demographics and surgical details of patients with uncomplicated appendicitis 
are displayed in Table 1 and patients with complicated appendicitis in table 2. Me-
dian operating time was not different between endoloop or endostapler use (42.0 
versus 44.0 minutes, P=0.243), both in uncomplicated (Table 1) and complicated 
appendicitis (Table 2).

Infectious complications  | After laparoscopic appendectomy for uncomplicat-
ed appendicitis a superficial surgical site infection was recorded in 2.0  of the 
patients and an intra-abdominal abscess was seen in 1.9% of the patients. The 
median hospital stay in this group was 2.0 days. In patients with complicated ap-
pendicitis superficial surgical site infections rate was 0.8  and intra-abdominal 
abscess rate was 11.0%. The median hospital stay in patients with complicated ap-
pendicitis was 4.0 days. Infectious complications after endoloop and endostapler 
use in uncomplicated and complicated appendicitis are shown in tables 1 and 2. 
Both univariable and multivariable regression analyses showed no difference be-
tween endoloop versus endostapler use in developing infectious complications 
after laparoscopic appendectomy (Table 3). Complicated appendicitis was the 
only significant independent risk factor for developing an infectious complication 
in multivariable regression (Table 3).

Routine endoloop or endostapler use  | Because endostapler use was asso-
ciated with complicated appendicitis in hospitals that predominantly used en-
doloops, a sensitivity analysis was performed for patients in whom an endoloop 
or endostapler was routinely used (1040 endoloop patients in endoloop hospitals 
versus 153 endostapler patients in endostapler hospitals). Also then, no signifi-
cant difference was seen between endoloops or endostapler use in developing 
any infectious complication (OR 1.91; 95% CI 0.756-4.828, P=0.171) or an intra-ab-
dominal abscess (OR 1.80; 95% CI 0.641-5.071, P=0.264). Operating time was also 
not significant different between routine endoloop and endostapler use (42 min-
utes versus 39 minutes, P=0.167). 



173

Endoloops or endostapler use in laparoscopic appendectomy for acute uncomplicated and complicated appendicitis

Total 
n=400

Endoloops 
n=264

Endostapler 
n=136

P*

Age (years, median) 
     adult (≥18 years) 
     child (<18 years)

43.0 
320 (80.0) 
80 (20.0)

40.0 
204 (63.7) 
60 (75.0)

49.0 
116 (32.2) 
20 (25.0)

0.244# 

0.065

Sex 
     male 
     female

 
197 (49.2) 
203 (50.7)

 
129 (48.9) 
135 (51.1)

 
68 (50.0) 
68 (50.0)

0.834

ASA classification 
     1 or 2 
     3 or 4

 
386 (96.5) 
14 (3.5)

 
257 (97.3) 
7 (2.7)

 
129 (94.9) 
7 (5.1)

0.251

Pre-operative imaging result 
     uncomplicated 
     complicated 
     no diagnosis 
     missing

 
242 (60.8) 
130 (32.7) 
26 (6.5) 
2

156 (59.5) 
86 (32.8) 
20 (7.6)

86 (63.2) 
44 (32.4) 
6 (4.4)

0.443 
 

Operator 
     consultant or resident under supervision 
     resident without supervising consultant

 
337 (84.2) 
63 (15.8)

 
220 (83.3) 
44 (16.7)

 
117 (86.0) 
19 (14.0)

0.563

Operating time 
     median 
     daytime (8.00-18.00 hours) 
     ‘on call’ hours (18.00-8.00 hours) 
     missing

 
50.0 
180 (45.1) 
219 (54.9) 
1

47.5 
122 (46.2) 
142 (53.8)

51.5 
58 (43.0) 
77 (57.0)

0.181# 

0.595 

Type of complicated appendicitis 
     perforation 
     necrosis

 
267 (66.7) 
133 (33.2)

 
167 (63.3) 
97 (36.7)

 
100 (73.5) 
36 (26.5)

0.036

Histology 
     uncomplicated 
     complicated (necrosis or perforation)

 
213 (53.2) 
187 (46.8)

 
143 (54.2) 
121 (45.8)

 
70 (51.5) 
66 (48.5)

 
0.672 

Hospital stay (days, median) 4.0 4.0 5.0 0.083#

Surgical site infection 3 (0.8) 2 (0.8) 1 (0.7) 0.980

Intra-abdominal abscess 44 (11.0) 31 (11.7) 13 (9.6) 0.614

Readmission 42 (10.5) 29 (11.0) 13 (9.6) 0.733

TABLE 2 demographics and surgical outcome of patients undergoing laparoscopic 

appendectomy for acute complicated appendicitis with endoloops or an endostapler

Values in parentheses are percentages

*χ2 test or Fisher s xact Test where appropriate except #Mann-Whitney U test

10



174

CH A P TE R 10

DISCUSSION

In this study, we could not identify the use of endoloops or an endostapler as a 
risk factor for infectious complications in laparoscopic appendectomy. Also the 
use of endoloops or an endostapler did not influence the operating time both in 
uncomplicated and complicated appendicitis.

Two systematic reviews comparing endoloops and endostapler analysed almost 
the same set of randomized controlled trials but draw different conclusions2,3. 
Both reviews noted that the quality of the included randomized trials was poor 
to moderate. One systematic review2 concluded that wound infections were less 
frequent when an endostapler was used, however these infections are not a fre-
quent complication in laparoscopy and also often of limited clinical relevance. The 
other review3 that included only 1 extra randomized trial favoured the use of en-
doloops for cost considerations because no difference was observed in outcome 
between the two types of stump closure apart from shorter operating time when 
using endostapler. A recent best practice article recommended that the choice 
of stump closure could be based on the preference of the surgeon but to use an 
endostapler in case of inflammation of the appendix base7. The reason for this is 
the higher chance of cutting through an inflamed appendix base when using en-
doloops. Literature on the amount of endoloops that is needed secure the appen-
dix stump is scarce, but there is one randomized study that concludes that one 
endoloop is sufficient8. Also in this study, two proximal endoloops did not prove 
to reduce the risk of infectious complications compared to one proximal loop. 

Only two studies compared the use of endoloops and endostapler in uncompli-
cated and complicated appendicitis separately but these studies only analysed 
children9,10. In these two studies, no differences were found in outcome between 
endoloops or endostapler use in both disease modalities.

As can be expected the infectious complication rate is higher after complicated 
appendicitis and it seems that stump closure with either endoloops or an endos-
tapler has no effect on this outcome. In this study complicated appendicitis was 
defined when necrosis or perforation of the appendix was seen. In the rare case 
of a purulent peritonitis only without necrosis or perforation this was analysed in 
the uncomplicated group because the appendix itself was uncomplicated and the 
fluid is mostly reactive without bacterial translocation.   

Most clinics or surgeons have a routine type of appendix stump closure with either 
the use of endoloops or an endostapler. However, this can be altered depending 
on the patient or severity of appendicitis. Often a switch is made to the use of an 
endostapler in hospitals where endoloops are normally used rather than vise ver-
sa but for example in children the use of endoloops are more logical to minimize 
the use of larger trocars. In this study, an endostapler is more frequently used in 
complicated appendicitis and especially in perforated appendicitis. Also in these 
patients no differences were seen between endoloops and endostapler use but 
complicated appendicitis itself was identified as the only independent risk factor 
for developing an infectious complication.

This present study is based on an audit of current practice and a limitation of the 
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UNIVARIABLE
Prevalence 
in first group 
(%)

Any infectious  
complication 
Odds ratio  P

Intra-abdominal  
abscess 
Odds ratio  P

Stump closure (endoloops 
versus endostapler)

76.7
0.95 (0.566-1.600)         
0.853

1.04 (0.566-1.913)      
0.899

Number of endoloops  
(1 versus 2 proximal loops)

46.9
1.14 (0.685-1.912)         
0.607

1.43 (0.791-2.566)      
0.238

Age (children <18 years  
versus adult)

22.6
1.08 (0.640-1.808)         
0.782

1.28 (0.722-2.262)      
0.400     

Sex (male versus female) 47.0
1.08 (0.695-1.680)         
0.732

1.10 (0.660-1.816)      
0.725

ASA classification  
(1 or 2 versus 3 or 4)

97.7
0.62 (0.186-2.092)         
0.445

0.45 (0.135-1.533)      
0.204

Time of surgery (daytime  
versus evening or nighttime) 

47.2
0.85 (0.541-1.325)         
0.467

0.80 (0.477-1.340)      
0.396

Operator (consultant or  
supervised resident versus 
resident without supervisor)

81.2
0.99 (0.563-1.732)         
0.964

1.10 (0.567-2.144)      
0.773

perating time (<43 min  
versus ≥43 min, based on  
median operating time)

50.3
0.52 (0.329-0.834)         
0.006

0.48 (0.281-0.831)      
0.009

Severity of appendicitis 
(non-complicated versus  
complicated)

70.7
0.28 (0.1810.446)   
<0.001 

0.15 (0.086-0.262)     
<0.001

MULTIVARIABLE

Stump closure (endoloops 
versus endostapler)

76.7
1.27 (0.735-2.192)         
0.393

1.60 (0.835-3.056)      
0.157

perating time (<43 min ver-
sus ≥43 min, based on medi-
an operating time)

50.3
0.66 (0.408-1.063)         
0.087

0.68 (0.389-1.201)      
0.186

Severity of appendicitis 
(non-complicated versus com-
plicated)

70.7
3.20 (1.994-5.145)   
<0.001

6.49 (3.589-11.722)   
<0.001

TABLE 3 Logistic regression analyses for infectious complications and intra-abdominal ab-
scesses

alues in parentheses are 95  confidence intervals
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study is that no data are available what the reason is for using an endostapler 
in hospitals that use mainly endoloops. Whether it is the preference of the sur-
geon or an inflamed base of the appendix with relative contraindication to use 
endoloops is unknown. Therefore, a sensitivity analysis was made for patients in 
whom the appendix stump was routinely closed according to the local predom-
inant use of either endoloops or an endostapler. Also then, no significant differ-
ence was observed in the infectious complication rate between routine endoloop 
and endostapler use.

Finally, although no cost analyses were made, operative costs of endostapler use 
are obviously higher than the costs of endoloops without the benefit of a shorter 
operating time in this study. Not only the device itself is more costly, also the need 
for a larger trocar to facilitate the endostapler passage into the abdomen results 
in extra costs. A routine use of endoloops and use of an endostapler only when 
indicated is therefore the most cost effective strategy in laparoscopic appendec-
tomy. In hospitals that routinely use an endostapler, this can lead to a huge cost 
reduction in this common disease.

In conclusion, the type of appendix stump closure with either endoloops or an 
endostapler did not have an effect on development of postoperative infectious 
complications and endoloops can be safely used if technically feasible. Also, be-
cause operating times are similar, endoloops are preferable for cost consider-
ations. The severity of appendicitis is the main risk factor for developing an infec-
tious complication.
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SUMMARY, DISCUSSION AND FUTURE PERSPEC TIVES

Appendicitis is a common cause of acute abdominal pain and appendectomy is 
still the gold standard of treatment. In spite of the high incidence, variance in 
diagnostic and treatment modalities remains an issue among surgeons. In this 
thesis several practical issues in the diagnosis and treatment of appendicitis are 
investigated and discussed.

PART I - ‘Snapshot’ appendicitis

A prospective multicenter ‘snapshot’ study was conducted to evaluate various as-
pects and outcomes of surgical treatment for acute appendicitis. The ‘snapshot’ 
appendicitis study was the first Dutch study conducted according to a novel study 
design that was outlined in chapter 1. A ‘snapshot’ study comprises short term 
multicenter research that is conceived and implemented by (surgical) trainees. 
The ‘snapshot’ appendicitis study was a prospective, observational study that was 
conducted in a short (June and July 2014) study period in 62 Dutch hospitals. In 
this study 1975 consecutive patients who underwent surgery for suspected acute 
appendicitis were included. One local investigator in each participating hospital 
acquired and processed the data into an anonymized electronic web-based da-
tabase. Thirty-day follow-up of outcome was complete in all patients. This high 
number of patients recruited prospectively over a very short period of time with 
impressive data completeness is among the main benefits of this relatively new 
observational study design. 

British surgical trainees invented this design and in recent years multiple research 
collaboratives have formed in the United Kingdom on various subjects in different 
medical fields1. The success of this study method is mainly because of the easy 
collaboration between (surgical) trainees and the limited local workload because 
of the short study period that is necessary to include many patients because 
of the multicenter design. Also, co-authorship in the collaborative study group 
motivates for participation in these studies. Because trainees mainly perform 
‘snapshot’ studies, general community non-teaching hospitals without trainees 
or residents are less likely to participate. The use of this study approach recently 
expanded in different countries and it has been demonstrated to be a valuable 
method to investigate various issues on different pathologies or treatments.

In chapter 2 the outcome of treatment for adults that underwent an appendec-
tomy for acute appendicitis (n=1378) was analyzed in our prospective, nationwide 
snapshot  study. ne of the main findings was that almost all patients underwent 
preoperative imaging (99.7%). This resulted in a normal appendix rate of only 
3.3%. Laparoscopy was the prevailing approach in this cohort (used in 79.5% of 
patients) with a low conversion rate of 3.4 . Fewer superficial surgical site infec-
tions occurred after this approach compared to open surgery, whereas the in-
tra-abdominal abscess rate was comparable after the two approaches, both in 
uncomplicated and complicated appendicitis.
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The ‘snapshot’ appendicitis study also included 541 children who were operated 
for suspected acute appendicitis in the 62 participating hospitals including all 
pediatric hospitals in the Netherlands. Outcomes of the 523 children who under-
went an appendectomy for acute appendicitis are described in chapter 3. Pre-
operative imaging was used in 98.9% of the children and ultrasound as the only 
used modality in 92%. The normal appendix rate in children was 3.1%, equally 
low compared to adults. Laparoscopy was used in 61% of the children, but less 
frequently in younger children (under 6 years in 35.7%); the conversion rate was 
1.7%. No differences were found in (infectious) complications between the open 
and laparoscopic approach, although in children with complicated appendicitis 
more superficial surgical site infections were found after an open appendectomy.  

In chapter 4 a comparison was made between the Dutch ‘snapshot’ appendi-
citis study and the British study from the National Surgical Research Collabora-
tive3. A remarkable difference was noted between the two cohorts for the use 
of preoperative imaging, only 32.8% in the UK versus 99.5% in the Dutch cohort. 
Interestingly, the normal appendectomy rate seemed inversely related with the 
use preoperative imaging, displayed by a normal appendectomy rate of 20.6% 
in the UK and 3.2% in the Dutch cohort. Although a thorough statistical analysis 
comparing the two cohorts was not performed, the obvious relationship between 
preoperative imaging and the normal appendix rate is emphasized and further 
discussed in this chapter. 

With the introduction of the Dutch guideline2 on appendicitis, standard preop-
erative imaging in patients suspected with acute appendicitis was recommend-
ed. The effect of this recommendation was large as observations from before the 
recommendation showed normal appendectomy rates around 16% in the Neth-
erlands. As preoperative imaging is the answer for more accurately diagnosing 
acute appendicitis, unnecessary surgery even with its relatively small but inherent 
risks should become obsolete. However, opponents criticize the (possible) delay 
in treatment or prolonged emergency department stay for patients without ap-
pendicitis. To achieve a low normal appendix rate a lot of extra imaging has to be 
performed also in patients not suffering from appendicitis or another urgent pa-
thology. For the future, perhaps a better selection can be performed for patients 
in whom imaging can be safely omitted. 

In the ‘snapshot’ appendicitis study, laparoscopy was the prevailing approach in 
adults and older children. Superficial surgical site infections were seen more fre-
quently after an open appendectomy. In children, this difference is only demon-
strated in patients with complicated appendicitis. In contrast to the Cochrane 
review4 comprising almost 3000 patients from 56 randomized controlled trials, 
the intra-abdominal abscess rate is not significantly different after the open or 
laparoscopic approach. Perhaps the current, widespread use of laparoscopic sur-
gery in the Netherlands has fully overcome the learning curve effect of the past 
decades. Also, results from observational studies hardly ever equal the results of 
randomized studies with strict in- and exclusion criteria. 
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PART II - Complicated appendicitis

After surgery for acute complicated appendicitis (necrosis or perforation of the 
appendix), a prolonged antibiotic regimen is administered to patients aiming to 
reduce postoperative infectious complications (wound infection and intra-ab-
dominal abscess). Before the merger of two Dutch neighboring hospitals Hilver-
sum and Blaricum into Tergooi hospital, each of the surgical departments had 
a standard protocol for antibiotic treatment after surgery for acute complicated 
appendicitis. At location Hilversum, patients were treated for 3 days and at loca-
tion Blaricum for 5 days with antibiotics administered intravenously. An obser-
vational study was conducted to compare infectious complications after these 
different antibiotic durations in 267 adult patients with complicated appendicitis 
from 2004-2010 in these hospitals. The outcomes of this study are described in 
chapter 5. Most importantly, 3 days of antibiotic treatment was observed to be 
equally effective as 5 days in reducing postoperative infectious complications.

In chapter 6 the effect of the antibiotic duration is explored in patients included in 
the ‘snapshot’ appendicitis cohort who underwent a laparoscopic appendectomy 
for acute complicated appendicitis (n=415). Various antibiotic lengths (2-6 days) 
were recorded and in almost 30% this length was altered. Again, a shorter dura-
tion (3 days) was comparable to 5 days of antibiotics concerning the risk of devel-
oping infectious complications. Because most patients were treated intravenous-
ly, patients who received 3 days had significant shorter hospital stay compared 
to patients who received 5 days of antibiotics. A perforation of the appendix was 
identified as the only independent risk factor for developing infectious complica-
tions as found by logistic regression analysis. 

The studies in chapter 5 and 6 are the first to demonstrate an equal effect of 3 
days and 5 days of antibiotic treatment after surgery for acute complicated ap-
pendicitis. A worrying WHO report concludes that over- and misuse of antibiot-
ics are the main cause of growing bacterial resistance worldwide5. Reduction of 
antibiotics is not only beneficial to antibiotic resistance on a population level but 
also to side effects for the patient. Disturbances in the micro biome of the gastro-
intestinal tract by antibiotics are recognized as a more severe problem than earlier 
considered6. Also costs for hospital stay can dramatically drop when standard 
antibiotic regimen is limited for this common disease. A large randomized clini-
cal trial was never conducted to ultimately establish optimal antibiotic duration. 
Ideally, this would be the final and probably necessary answer for this sub ect, but 
also hard to achieve. Hypothetically, because in the ‘snapshot’ appendicitis study 
a perforation of the appendix was the only identified risk factor for developing 
an infectious complication, further reduction of antibiotic use can be considered 
in non-perforated appendicitis. And even in perforated appendicitis it may be 
questioned whether 5 days or even longer of antibiotic use may in fact prevent 
infectious complications or whether these complications will develop anyhow.

An appendectomy as the only available treatment option for uncomplicated ap-
pendicitis is questioned nowadays and already successfully investigated in clinical 
trials that compare an antibiotic regimen to surgery. However, the preoperative 
distinction between uncomplicated and complicated appendicitis is a challenge, 
even with a CT-scan. erhaps the insufficient prediction possibility is the reason 
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that antibiotic treatment alone has not yet been implemented as a serious treat-
ment option for acute uncomplicated appendicitis in most hospitals. In chapter 7 
a prediction model was therefore investigated based on clinical and imaging fea-
tures to distinguish uncomplicated and complicated acute appendicitis. Prospec-
tive data of 395 patients with suspected appendicitis (110 complicated appen-
dicitis, 239 uncomplicated appendicitis and 46 an alternative disease) from two 
prospective multicentre diagnostic accuracy studies (OPTIMA7 and OPTIMAP8) 
were used to assemble scoring systems for ultrasound and CT in combination 
with clinical features (physical examination and laboratory results). With the use of 
these scoring systems, 95 per cent of the patients with uncomplicated appendici-
tis were correctly identified.

Uncomplicated and complicated appendicitis are currently regarded as two dif-
ferent disease entities9. Uncomplicated or simple appendicitis is believed to be 
reversible and will not necessarily lead to a complicated or complex appendicitis 
without surgical treatment. In the near future, conservative treatment for acute 
simple appendicitis will possibly be a more tailored treatment option, especially 
when uncomplicated disease can be more accurately predicted (or complicated 
disease excluded). However, a careful consideration should be made for each pa-
tient. Also, the question rises whether antibiotic treatment is truly necessary for 
patients with simple appendicitis or whether this reversible variant of appendicitis 
can also be self-limiting without antibiotics like in uncomplicated diverticulitis10. 
The hospital stay can then be shortened for most patients who are treated con-
servatively, which is now a significant downside and huge expense of antibiotic 
treatment of acute appendicitis. Treatment without antibiotics for a simple appen-
dicitis would possibly be the next step in conservative management and would 
make for an interesting study. 

Recurrence after conservative treatment is acceptable from the medical point of 
view when outcome after (surgical) treatment of this recurrence is comparable to 
that after primary surgery for acute appendicitis. Whether this is also acceptable 
for a patient, should be discussed with the patient. On the other hand, the small 
risk of (infectious) complications after surgery for uncomplicated appendicitis 
is always unwanted from the patient’s point of view, in contrast to the surgeon’s 
point of view where this is more considered ‘all in the game’. 

A less well-known and often unrecognized problem is discussed in chapter 8. 
Patients (n=10) with chronic abdominal right lower quadrant pain underwent a 
laparoscopic appendectomy after thorough evaluation and exclusion of other 
possible pathology. The appendix appeared normal on preoperative imaging 
and during surgery, but pathologic evaluation showed signs of previous inflam-
mation in 8 out of 10 specimen. Pain scores (Visual Analogue Scale) decreased 
from average 8.6 preoperative to 1.0 postoperative and were sustained at a me-
dian follow-up of 33 months. 

This entity can be described as chronic appendicitis or ‘appendicopathy’, but is 
often recognized late or not at all. Roumen et al. performed a randomized study 
on this subject and showed that removing the appendix reduced pain compared 
to diagnostic laparoscopy only11. The mechanism of complaints is not fully un-
derstood but luminal obstruction of the appendix because of former subclinical 
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inflammation is the most obvious cause. An appendectomy should be considered 
in patients with persistent uncomprehend abdominal pain in the right lower quad-
rant.

PART III - Appendix stump closure

The most chosen type of closure for the appendix stump in laparoscopic appen-
dectomy is using either endoloops or an endostapler device. In chapter 9, out-
comes are compared after routine use of an endostapler or endoloops in 5 differ-
ent hospitals. o significant difference was observed in complications between 
the 571 patients in the routine endostapler group and the 465 patients in the 
other group (intentional method of stump closure with endoloops, endostapler 
used when indicated in 69 patients). 

In chapter 10 the type of closure of the appendix stump during laparoscopic 
appendectomy was investigated among the patients included in the ‘snapshot’ 
appendicitis study. Endoloops were used in the majority (76.6%) of the patients; 
operating time was not different when using endoloops or an endostapler (42 
versus 44 minutes). The infectious complication rate was not related to the type 
of stump closure in this study. Both observational studies concluded that current 
surgical practice, i.e. the use of endoloops if considered technically feasible by 
the surgeon, is preferable in laparoscopic appendectomy because of cost consid-
erations without increasing complications.

Most hospitals in the Netherlands use endoloops for laparoscopic appendectomy 
and an endostapler only when necessary. Both closure methods are not techni-
cally challenging for surgeons, but the endostapler is generally considered the 
easiest and fastest closure. If the base of the appendix is inflamed, endoloops are 
less suitable and an endostapler will provide a safer and more secure closure of 
the appendix stump. An endostapler device is more costly than endoloops and 
also a large disposable trocar is necessary to facilitate endostapler passage. For 
example in children this larger trocar is undesirable and also a trocar hernia is 
more frequently seen when using larger trocars. Thus, endoloop use is preferred 
over routine endostapler use in most patients.

To summarize, this thesis contains research that answers some issues in the sur-
gical treatment of acute appendicitis. The now standard preoperative imaging in 
the Netherlands successfully limits the normal appendectomy rate. Laparoscopy 
lowers surgical site infection rate compared to open surgery but currently no lon-
ger increases intra-abdominal abscess rate. After surgery for acute complicated 
appendicitis the standard prolongation of antibiotic treatment can be limited to 3 
days and possibly even shorter. For closure of the appendix stump in laparoscopy, 
routine endoloop use is advised over endostapler use for cost considerations. 

In the future, a shift towards conservative treatment over surgical treatment may 
occur for simple uncomplicated appendicitis when preoperative distinction can 
be more accurately made. A patient tailored approach shall become more appro-
priate than a reflexive appendectomy for every patient with acute appendicitis. 
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Appendicitis (blindedarmontsteking) is een veel voorkomende oorzaak van acute 
buikp n en de standaard behandeling hiervan is nog steeds een appendectomie 
(verw deren van de appendix). ndanks de hoge incidentie is er onder chirurgen 
een grote variatie in diagnostiek en behandeling. In dit proefschrift wordt een 
aantal praktische zaken in de diagnostiek en behandeling van appendicitis on-
derzocht en besproken.

DEEL I - ‘Snapshot’ appendicitis

Er werd een prospectieve, multicenter ‘snapshot’ studie uitgevoerd om de ver-
schillende aspecten en de resultaten van chirurgische behandeling voor acu-
te appendicitis te evalueren. De ‘snapshot’ appendicitis studie, beschreven in 
hoofdstuk 1, was de eerste Nederlandse studie die werd uitgevoerd volgens een 
nieuwe onderzoeksmethode. Een ‘snapshot’ studie is een kortdurend multicenter 
onderzoek dat is opgezet en uitgevoerd door (chirurgische) arts-assistenten. De 
‘snapshot’ appendicitis studie was een prospectieve, observationele studie uit-
gevoerd in een korte (juni en juli 2014) studieperiode in 62 Nederlandse zieken-
huizen. In deze studie z n 1975 opeenvolgende pati nten ge ncludeerd die een 
operatie ondergingen voor verdenking op acute appendicitis. Eén lokale onder-
zoeker in elk deelnemend ziekenhuis verzamelde de gegevens en voerde deze in 
een geanonimiseerde elektronische ‘web-based’ database in. De 30 dagen fol-
low-up van uitkomsten van de behandeling was compleet b  alle pati nten. Dit 
hoge aantal pati nten dat prospectief werd ge ncludeerd in een zeer korte pe-
riode met indrukwekkende volledigheid van de data is een van de belangr kste 
voordelen van deze relatief nieuwe observationele studiemethode.

ritse chirurgische arts-assistenten z n gestart met deze studiemethode, in de af-
gelopen aren z n er in het ereningd oninkr k meerdere van deze onderzoeks-
groepen gevormd die verschillende onderwerpen in diverse medische gebieden 
hebben onderzocht. Het succes van deze studiemethode is vooral te danken aan 
de makkel ke samenwerking tussen (chirurgische) arts-assistenten en de beperk-
te lokale werkbelasting als gevolg van de korte studieperiode en deelname aan 
de studie van zeer veel ziekenhuizen. Ook een co-auteurschap motiveert voor 
deelname aan deze studies. Omdat ‘snapshot’ studies vooral worden gedaan 
door arts-assistenten z n niet-opleidingsziekenhuizen minder geneigd om deel 
te nemen. Deze studiemethode wordt recentel k in meerdere landen steeds va-
ker toegepast omdat bl kt dat diverse onderwerpen b  verschillende ziektebeel-
den of behandelingen hiermee makkel k onderzocht kunnen worden.

In hoofdstuk 2 is de uitkomst van behandeling geanalyseerd b  volwassenen 
die een appendectomie ondergingen voor acute appendicitis (n = 1378) in onze 
prospectieve, landel ke snapshot  studie. n van de belangr kste bevindingen 
is dat b  vr wel alle pati nten (99,7 ) preoperatieve beeldvorming is verricht. 
Dit resulteerde in een appendix sana (normale appendix) percentage van slechts 
3,3%. Laparoscopie was veruit de meest gebruikte techniek in dit cohort en werd 
gebruikt in 79,5  van de pati nten met een laag conversiepercentage van 3,4 . 
Er werden minder postoperatieve wondinfecties gezien na laparoscopie in verge-
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l king met open chirurgie, terw l het intra-abdominaal abces percentage verge-
l kbaar was b  de twee technieken, zowel in ongecompliceerde als in gecompli-
ceerde appendicitis.

De ‘snapshot’ appendicitis studie includeerde ook 541 kinderen die werden ge-
opereerd voor verdenking op acute appendicitis in de 62 deelnemende zieken-
huizen, inclusief alle (academische) kinderziekenhuizen in Nederland. Resultaten 
van behandeling van de 523 kinderen die een appendectomie ondergingen voor 
acute appendicitis z n beschreven in hoofdstuk 3. Preoperatieve beeldvorming 
werd toegepast in 98,9  van de kinderen en echografie als enige gebruikte mo-
daliteit in 92 . Het appendix sana percentage b  kinderen was 3,1  en dus net zo 
laag als b  de volwassenen. aparoscopie werd in 61  van de kinderen gebruikt, 
maar minder frequent b  ongere kinderen (onder 6 aar b  35,7 ). Het conver-
siepercentage was 1,7%. Er werden geen verschillen gevonden in (infectieuze) 
complicaties tussen de open en laparoscopische benadering, maar b  kinderen 
met gecompliceerde appendicitis werden wel meer postoperatieve wondinfec-
ties gezien na een open appendectomie.

Hoofdstuk 4 vergel kt de ederlandse snapshot  appendicitis studie en de rit-
se studie van de ‘National Surgical Research Collaborative’. Tussen de 2 cohor-
ten werd een opvallend verschil waargenomen in het gebruik van preoperatieve 
beeldvorming, slechts 32,8  in het erenigd oninkr k versus 99,5  in eder-
land. pmerkel k is verder dat het appendix sana percentage omgekeerd even-
redig l kt met het gebruik van preoperatieve beeldvorming, namel k 20,6  in het 

erenigd oninkr k en 3,2  in het ederlandse cohort. Hoewel een grondige, 
vergel kende statistische analyse tussen de twee cohorten niet werd uitgevoerd, 
is deze duidel ke relatie tussen preoperatieve beeldvorming en het appendix 
sana percentage benadrukt en verder besproken in dit hoofdstuk.

Sinds de introductie van de ederlandse richtl n voor diagnostiek en behande-
ling van acute appendicitis is standaard preoperatieve beeldvorming aanbevolen 
b  pati nten die worden verdacht van acute appendicitis. Het effect van deze 
aanbeveling is groot aangezien in Nederland het appendix sana percentage on-
geveer 16  was v r de invoering van deze richtl n.

Preoperatieve beeldvorming is dus de oplossing voor een nauwkeuriger diag-
nose van acute appendicitis en onnodige (diagnostische) operaties z n obsoleet 
geworden ondanks de slechts kleine b behorende risico s. Tegenstanders be-
kritiseren echter de (mogel ke) vertraging in de behandeling of het langduriger 
verbl f op de spoedeisende hulp voor pati nten zonder appendicitis. m een   
laag appendix sana percentage te behalen is veel extra beeldvorming nodig ook 
b  pati nten die geen appendicitis of andere urgente abdominale aandoening 
hebben. In de toekomst kan wellicht een betere selectie gemaakt worden voor 
pati nten b  wie beeldvorming veilig achterwege gelaten kan worden.

In de ‘snapshot’ appendicitis studie was laparoscopie de meest gebruikte tech-
niek b  volwassenen en oudere kinderen. ostoperatieve wondinfecties werden 
vaker gezien na een open appendectomie.  kinderen is dit verschil alleen aan-
getoond b  pati nten met gecompliceerde appendicitis. In tegenstelling tot de 
Cochrane review met b na 3000 pati nten uit 56 gerandomiseerde studies is het 



195

SAMENVATTING, DISCUSSIE EN TOEKOMSTPERSPECTIEVEN

intra-abdominale abces percentage niet significant verschillend na de open en 
laparoscopische benadering. Misschien is het leercurve effect van de afgelopen 
decennia inmiddels niet meer van toepassing door het huidige w dverspreide 
gebruik van de laparoscopische chirurgie in ederland. ok z n de resultaten 
van observationele studies zelden gel k aan de resultaten van gerandomiseerde 
studies vanwege strenge in- en exclusiecriteria.

DEEL II - Gecompliceerde appendicitis

Na een operatie voor acute gecompliceerde appendicitis (necrose of perforatie 
van de appendix) wordt een verlengde antibioticakuur gegeven aan pati nten om 
de kans op postoperatieve infectieuze complicaties (wondinfectie en intra-abdo-
minale abces) te reduceren. Vóór de fusie van twee Nederlandse naburige zieken-
huizen Hilversum en Blaricum in het Tergooi ziekenhuis had elke  chirurgische af-
deling een standaard protocol voor deze behandeling met antibiotica. Op locatie 
Hilversum werden de pati nten intraveneus met antibiotica behandeld geduren-
de 3 dagen en op locatie Blaricum 5 dagen. Een observationele studie vergeleek 
infectieuze complicaties na deze verschillende antibiotica regimes b  267 volwas-
sen pati nten met gecompliceerde appendicitis tussen 2004 en 2010 in deze zie-
kenhuizen. De resultaten van dit onderzoek z n beschreven in hoofdstuk 5. De 
belangr kste uitkomst was dat 3 dagen antibiotische behandeling even effectief 
was als 5 dagen ten aanzien van het reduceren van postoperatieve infectieuze 
complicaties.

In hoofdstuk 6 is het effect onderzocht van de antibiotica duur b  pati nten die 
een laparoscopische appendectomie voor acute gecompliceerde appendicitis 
(n = 415) ondergingen in het ‘snapshot’ appendicitis cohort. Diverse antibiotica 
lengtes (2-6 dagen) werden geregistreerd en in b na 30  werd dit nog aange-
past. ok hier bleek een kortere duur (3 dagen) vergel kbaar met 5 dagen anti-
biotica voor het risico op infectieuze complicaties. mdat de meeste pati nten 
intraveneus werden behandeld, hadden de pati nten die 3 dagen antibiotica kre-
gen een significant kortere ziekenhuis opname vergeleken met pati nten die 5 
dagen antibiotica toegediend kregen. en perforatie van de appendix werd b  
logistische regressieanalyse ge dentificeerd als de enige onafhankel ke risicofac-
tor voor het ontwikkelen van infectieuze complicaties.

De 2 studies in hoofdstuk 5 en 6 z n de eerste die een gel k effect aantonen van 3 
en 5 dagen antibiotische behandeling na een operatie voor acute gecompliceer-
de appendicitis. Een verontrustend WHO-rapport concludeert dat teveel gebruik 
en misbruik van antibiotica de belangr kste oorzaak is van de toenemende bac-
teri le resistentie wereldw d. ermindering van antibiotica is niet alleen gunstig 
voor de resistentie tegen antibiotica op bevolkingsniveau, maar ook voor de b -
werkingen voor de individuele pati nt. erstoringen in het microbioom van het 
sp sverteringsstelsel door antibiotica worden thans als een ernstiger probleem 
gezien dan eerder onderkent. ok de kosten voor het verbl f in het ziekenhuis 
kunnen enorm dalen als het standaard antibiotica regime beperkt wordt b  deze 
veel voorkomende ziekte. Een grote gerandomiseerde studie om de optimale an-
tibioticaduur vast te stellen is nog nooit uitgevoerd. Idealiter zou dit het definitie-
ve antwoord op dit vraagstuk moeten geven, maar dit is uiteindel k lastig te rea-
liseren. Hypothetisch zou een verdere reductie van het gebruik van antibiotica b  
een niet-geperforeerde appendicitis mogel k moeten z n, want in de snapshot  
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appendicitis studie bleek een perforatie van de appendix de enige risicofactor 
voor het ontwikkelen van een infectieuze complicatie. Zelfs in geperforeerde ap-
pendicitis kan getw feld worden of 5 dagen of zelfs nog langere antibiotica een 
infectieuze complicatie überhaupt kan voorkomen of dat deze complicaties zich 
toch wel voordoen.

Een appendectomie als de enige beschikbare optie voor de behandeling van 
ongecompliceerde appendicitis wordt momenteel bekritiseerd en is al succesvol 
onderzocht in klinische trials die een antibioticakuur als primaire behandeling ver-
gel ken met een operatie. Het is echter een uitdaging om preoperatief het onder-
scheid te maken tussen ongecompliceerde en gecompliceerde appendicitis, zelfs 
met een CT-scan. Dit is wellicht de reden dat behandeling met alleen antibiotica 
in de meeste ziekenhuizen nog niet is ge mplementeerd als een serieus alternatief 
voor de behandeling van acute ongecompliceerde appendicitis. In hoofdstuk 7 
is daarom een predictie model onderzocht gebaseerd op klinische parameters 
en beeldvorming om ongecompliceerde en gecompliceerde acute appendicitis 
te onderscheiden. rospectieve gegevens van 395 pati nten met verdenking op 
appendicitis (110 gecompliceerde appendicitis, 239 ongecompliceerde appen-
dicitis en 46 een andere ziekte) van twee prospectieve multicenter diagnostische 
nauwkeurigheidsstudies (OPTIMA en OPTIMAP) werden gebruikt om een sco-
ringssysteem samen te stellen voor echografie en CT in combinatie met klinische 
parameters (lichamel k onderzoek en laboratorium uitslagen).  gebruik van dit 
scoringssysteem kan 95 procent van de pati nten met ongecompliceerde appen-
dicitis correct worden ge dentificeerd.

Ongecompliceerde en gecompliceerde appendicitis worden momenteel be-
schouwd als twee verschillende entiteiten. Ongecompliceerde of simpele ap-
pendicitis is gebleken reversibel te kunnen z n en zal zonder chirurgische behan-
deling niet alt d leiden tot een gecompliceerde of complexe appendicitis. In de 
nab e toekomst zal de conservatieve behandeling van acute ongecompliceerde 
appendicitis mogel k een goed toe te passen behandeloptie z n, zeker wanneer 
ongecompliceerde appendicitis beter kan worden voorspeld (of gecompliceerde 
appendicitis uitgesloten). oor elke individuele pati nt dient een zorgvuldige af-
weging te worden gemaakt. Ook is interessant of de behandeling met antibiotica 
echt noodzakel k is voor pati nten met simpele appendicitis of dat deze rever-
sibele variant ook self-limiting  kan z n zonder antibiotica zoals b  ongecompli-
ceerde diverticulitis. De opnameduur kan in dat geval worden ingekort voor de 
meeste pati nten die conservatief worden behandeld, dit is nu een aanzienl k 
nadeel en een grote kostenpost van de antibiotische behandeling van acute ap-
pendicitis. Behandeling zonder antibiotica voor een simpele appendicitis is wel-
licht de volgende stap in de conservatieve behandeling en is een interessante 
studievraag.

Een recidief appendicitis na conservatieve behandeling is vanuit medisch oog-
punt aanvaardbaar als de uitkomst na (chirurgische) behandeling van dit recidief 
vergel kbaar is met uitkomsten na de primaire chirurgie voor acute appendicitis. 

f dit ook acceptabel is voor de pati nt moet met de pati nt worden besproken. 
Aan de andere kant, de kleine kans op (infectieuze) complicaties na een operatie 
voor ongecompliceerde appendicitis is alt d ongewenst voor de pati nt, in te-
genstelling tot voor de chirurg die dit beschouwd als ‘all in the game’.
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Een minder bekend en vaak niet herkend probleem wordt besproken in hoofd-
stuk 8. ati nten (n = 10) met chronische p n in de rechter onderbuik ondergin-
gen een laparoscopische appendectomie na  grondig onderzoek en uitsluiten 
van andere mogel ke pathologie. De appendix zag er normaal uit op preopera-
tieve beeldvorming en t dens de operatie, maar pathologisch onderzoek toonde 
tekenen van doorgemaakte ontsteking in 8 van de 10 appendices. De p nscore 
(Visual Analogue Scale) daalde van gemiddeld 8,6 preoperatief naar 1,0 postope-
ratief en dit bleef gehandhaafd na de mediane follow-up van 33 maanden.

Deze entiteit kan worden omschreven als chronische appendicitis of ‘appendico-
pathie’, maar wordt vaak laat of helemaal niet herkend. Roumen et al. voerde een 
gerandomiseerde studie uit over dit onderwerp en liet zien dat de p nklachten na 
het verw deren van de appendix reduceerden ten opzichte van alleen een diag-
nostische laparoscopie. Het mechanisme van p nklachten is niet goed bekend, 
maar luminale obstructie van de appendix door eerdere subklinische ontsteking 
is de meest waarsch nl ke oorzaak. en appendectomie moet daarom overwo-
gen worden b  pati nten met aanhoudende onbegrepen p n in de rechter on-
derbuik.

DEEL III - Appendix stomp sluiting

De meest gekozen techniek om de appendix stomp te sluiten b  een laparoscopi-
sche appendectomie is met behulp van ‘endoloops’ (‘lusjes’) of een endostapler 
(‘nietjes’) apparaat. In hoofdstuk 9 worden de resultaten vergeleken van routine-
matig gebruik van een endostapler of endoloops in 5 verschillende ziekenhuizen. 

r is geen significant verschil in complicaties waargenomen tussen de 571 pati-
enten in de routine endostapler groep en de 465 pati nten in de andere groep 
(standaard stomp sluiting met endoloops, maar endostapler gebruikt op indicatie 
b  69 pati nten). 

In hoofdstuk 10 is het type sluiting van de appendix stomp onderzocht b  de 
pati nten in het snapshot  appendicitis cohort. ndoloops werden gebruikt in de 
meerderheid van de pati nten(76,6 ); de operatieduur was niet verschillend tus-
sen het gebruik van endoloops of een endostapler (42 versus 44 minuten). Infec-
tieuze complicaties bleken niet gerelateerd aan de manier van appendix stomp 
sluiting in deze studie. Beide observationele studies concludeerden dat het ge-
bruik van endoloops indien dit technisch haalbaar is de voorkeur heeft b  laparo-
scopische appendectomie vanwege kostenoverwegingen zonder dat er verschil 
is in complicaties.

De meeste ziekenhuizen in Nederland gebruiken endoloops voor laparoscopi-
sche appendectomie en gebruiken een endostapler alleen wanneer dat nodig is. 

eide sluitingsmethoden z n technisch niet complex voor chirurgen, maar de en-
dostapler wordt algemeen beschouwd als de makkel kste en snelste sluiting. Als 
de basis van de appendix ontstoken is, z n endoloops minder geschikt en geeft 
een endostapler een veiliger sluiting van de appendix stomp. Een endostapler 
is duurder dan endoloops en een grote (wegwerp) trocar moet worden gebruikt 
om de endostapler te kunnen introduceren.  kinderen is deze grotere trocar 
ongewenst en ook een trocar hernia wordt vaker gezien na het gebruik van gro-
tere trocars. Derhalve hebben endoloops de voorkeur boven routine endostapler 
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gebruik in de meeste pati nten.

Samenvattend bevat dit proefschrift onderzoek dat bepaalde vraagstukken over 
de chirurgische behandeling van acute appendicitis beantwoordt. De nu stan-
daard preoperatieve beeldvorming in Nederland heeft met succes het appendix 
sana percentage gereduceerd. Laparoscopie verlaagt postoperatieve wondinfec-
ties in vergel king met open chirurgie, maar verhoogt in tegenstelling tot eerdere 
studies niet meer de kans op intra-abdominale abcessen. Na een operatie voor 
acute gecompliceerde appendicitis kan de standaard antibiotische behandeling 
worden beperkt tot 3 dagen en mogel k zelfs nog korter. oor de sluiting van de 
appendix stomp b  laparoscopie wordt gebruik van endoloops boven endostap-
ler gebruik geadviseerd uit kostenoverwegingen.

In de toekomst zal mogel k een verschuiving optreden richting de conservatie-
ve behandeling voor ongecompliceerde appendicitis indien het preoperatieve 
onderscheid met gecompliceerde appendicitis nauwkeuriger gemaakt kan wor-
den. en behandeling toegespitst op de individuele pati nt zal meer toegepast 
moeten worden dan een reflexmatige appendectomie voor elke pati nt met een 
acute appendicitis
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