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Background: Identification of variation in practice is a key step towards standardization of service and
determination of reliable quality markers. This study aimed to investigate variation in provision and
outcome of emergency appendicectomy.
Methods: A multicentre, trainee-led, protocol-driven, prospective observational cohort study was
performed during May and June 2012. The main outcome of interest was the normal histopathology rate;
secondary outcomes were laparoscopy and 30-day adverse event rates. Analysis included funnel plots and
binary logistic regression models to identify patient- and hospital-related predictors of outcome.
Results: A total of 3326 patients from 95 centres were included. An initial laparoscopic approach was
performed in 66·3 per cent of patients (range in centres performing more than 25 appendicectomies
over the study period: 8·7–100 per cent). A histologically normal appendix was removed in 20·6 per
cent of patients (range in centres performing more than 25 procedures: 3·3–36·8 per cent). Funnel
plot analysis revealed that 22 centres fell below three standard deviations of the mean for laparoscopy
rates. Higher centre volume, consultant presence in theatre and daytime surgery were independently
associated with an increased use of laparoscopy, which in turn was associated with a reduction in 30-day
morbidity (adjusted for disease severity). Daytime surgery further reduced normal appendicectomy rates.
Increasing volume came at the cost of higher negative rates, and low negative rates came at the cost of
higher perforation rates.
Conclusion: This study reveals the extremely wide variation in practice patterns and outcomes among
hospitals. Organizational factors leading to this variation have been identified and should be addressed
to improve performance.
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Introduction

Emergency appendicectomy is the most commonly
performed acute general surgical procedure. In England,
approximately 50 000 appendicectomies are performed
annually1. Differing hospital policies, financial constraints,
clinical burdens and a conflicting evidence base may
result in variation in the provision and outcome
of appendicectomy. Identifying this variation and its
contributory factors is the first step towards standardizing
care, both within the UK National Health Service (NHS)
and beyond. Such markers of quality exist for other
surgical specialties: reoperation after colorectal resection2,
mortality after lobectomy for lung cancer3, mortality
following cardiac surgery4 and the abdominoperineal
excision rate for rectal cancer5.

Mortality following appendicectomy is low, and is
unsuitable as a quality marker. Thus, clinically useful
outcomes that will detect variation should be used.
Results from appendicectomy generated from randomized
clinical trials (RCTs) may not reflect wider practice owing
to non-generalizability of their single-centre nature,
patient selection bias and sometimes poor methodological
quality6–8. Several controversies remain surrounding the
management and outcome of appendicitis, including the
best investigations for diagnosis, optimal surgical approach
and strategies to limit adverse postoperative events. A
panel of quality metrics is likely to be the most effective
method to measure variation in practice. The aim of
this study was prospectively to identify and investigate
variation in the provision and outcome of emergency
appendicectomy in a multicentre setting.
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Table 1 Cohort demographics, intraoperative details and outcomes for patients undergoing appendicectomy from 95 hospitals during
May and June 2012

No. of patients (n = 3326) Range (%) Subgroup range (%)*

Age (years) < 16 707 (21·3) 0–100 0–96·7
16–50 2141 (64·4) 0–93·5 3·3–93·5
> 50 470 (14·1) 0–53·2 0–53·2
Missing 8 (0·2)

Sex M 1699 (51·1) 0–75·8 31·7–75·8
F 1617 (48·6) 24·2–100 24·2–68·3
Missing 10 (0·3)

Body mass index (kg/m2) < 25 2019 (60·7) 0–100 36·4–100
≥ 25 933 (28·1) 0–63·6 0–63·6
Missing 374 (11·2)

ASA grade I–II 3119 (93·8) 81·8–100 85·7–100
III–IV 84 (2·5) 0–18·2 0–14·3
Missing 123 (3·7)

Preoperative imaging None/abdominal X-ray 2236 (67·2) 0–83·3 36·2–95·2
Ultrasound 662 (19·9) 0–100 0–45·5
CT 428 (12·9) 0–100 0–40·4

Timing of operation Daytime (08.00–18.00 hours) 1920 (57·7) 0–100 23·8–90·7
Evening (18.00–22.00 hours) 712 (21·4) 0–83·3 0–54·8
Nighttime (22.00–08.00 hours) 599 (18·0) 0–100 0–59·6
Missing 95 (2·9)

Earliest antibiotics None 203 (6·1) 0–53·5 0–53·4
Preoperative/induction 2544 (76·5) 14·0–100 14·0–100
Intraoperative/postoperative 545 (16·4) 0–83·3 0–83·3
Missing 34 (1·0)

Initial operative method Open 1120 (33·7) 0–100 0–91·3
Laparoscopic 2206 (66·3) 0–100 8·7–100

Final operative method Open 1120 (33·7) 0–100 0–91·3
Laparoscopic 1976 (59·4) 0–100 6·5–100
Laparoscopic converted to open 230 (6·9) 0–33·3 0–23·8

Operating surgeon Consultant 367 (11·0) 0–100 0–40·5
Senior trainee (staff grade and ≥ ST6) 1301 (39·1) 0–100 5·3–84·6
Junior trainee (≤ ST5) 1642 (49·4) 0–100 6·8–86·8
Missing 16 (0·5)

Consultant presence in theatre Yes 792 (23·9) 0–100 1·9–84·6
No 2496 (75·0) 0–100 15·4–98·1
Missing 38 (1·1)

Duration of surgery (min) < 60 1608 (48·3) 0–100 10·3–97·1
≥ 60 1572 (47·3) 0–100 2·9–89·7
Missing 146 (4·4)

Abdominal washout No 1226 (36·9) 0–85·0 0–76·7
Yes 2100 (63·1) 15·0–100 23·3–100

Drain use No 2952 (88·8) 52·4–100 52·3–100
Yes 374 (11·2) 0–47·2 0–47·6

Skin closure Subcutaneous suture 2654 (79·8) 0–100 0–100
Interrupted suture/clips 533 (16·0) 0–100 0–100
Glue 91 (2·7) 0–50·0 0–38·3
Missing 48 (1·4)

Histology Simple appendicitis 1698 (51·1) 0–78·4 16·7–78·4
Complex appendicitis† 812 (24·4) 0–71·4 5·7–59·5
Normal appendix 685 (20·6) 0–50·0 3·3–36·8
Other‡ 131 (3·9) 0–33·3 0–15·6

30-day adverse events Composite 417 (12·5) 0–50·0 0–31·4
Surgical/radiological intervention 98 (2·9) 0–25·0 0–10·3
Wound infection 113 (3·4) 0–22·7 0–13·3
Pelvic abscess 90 (2·7) 0–25·0 0–9·4
Postoperative imaging 310 (9·3) 0–28·6 0–23·8

Values in parentheses are percentages. *Only centres performing more than 25 appendicectomies over the study interval. †Perforation, gangrene or
abscess formation. ‡All diagnoses except those related to acute appendicitis or normal appendicectomy (for example malignancy, inflammatory bowel
disease). ASA, American Society of Anesthesiologists; CT, computed tomography; ST, specialty training grade.
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Methods

The study was performed according to a prespecified
protocol, agreed by all participating sites in advance of
the start date. The protocol and database were tested and
modified following a pilot in five centres in the West
Midlands. The complete protocol is available as Appendix
S1 (supporting information). As the aims of the protocol
were to assess variation against prespecified standards, this
cohort study analysing current practice was registered and
approved as an audit at each participating hospital.

Centre eligibility

Any hospital that provided acute general surgical services
was eligible to enter patients. Invitations to participate
were distributed via trainee-led, regional surgical research

collaborative networks. Additional invitations were sent to
established contacts in overseas centres, without prejudice
for location. In the UK, most acute hospitals performing
acute appendicectomy host surgical trainees; all UK
hospitals included in this study hosted trainees. The
seniority of surgeon performing the operation, and the
level of supervision required, was left to the discretion of
the clinical team.

Patient eligibility

The local trainee-level principal investigator was respon-
sible for identifying patients, entering data into the
prespecified database and ensuring completeness of data.
Patients were included according to the following crite-
ria: consecutive patients undergoing appendicectomy for

Laparoscopic surgery n = 2206 (66·3%)
   Consultant present in theatre n = 583
   Consultant not present n = 1598
   Unknown n = 25

Totally laparoscopic surgery n = 1976
   Consultant present in theatre n = 504
   Consultant not present n = 1449
   Unknown n = 23

Simple appendicitis n = 632
Complex appendicitis n = 269
Normal appendix n = 169
Other n = 50

30-day adverse events n = 143
Wound infection n = 51
Intra-abdominal abscess n = 24
Surgical/radiological reintervention n = 46
Further imaging by 30 days n = 102

30-day adverse events n = 210
Wound infection n = 41
Intra-abdominal abscess n = 49
Surgical/radiological reintervention n = 35
Further imaging by 30 days n = 165

30-day adverse events n = 64
Wound infection n = 21
Intra-abdominal abscess n = 17
Surgical/radiological reintervention n = 17
Further imaging by 30 days n = 43

Simple appendicitis n = 981
Complex appendicitis n = 428
Normal appendix n = 503
Other n = 64

Simple appendicitis n = 85
Complex appendicitis n = 115
Normal appendix n = 13
Other n = 17

Converted to open operation n = 230
   Consultant present in theatre n = 79
   Consultant not present n = 149
   Unknown n = 2

Open surgery n = 1120 (33·7%)
    Consultant present in theatre n = 209
    Consultant not present n = 898
    Unknown n = 13

In
cl

ud
ed

 p
at

ie
nt

s
H

is
to

lo
gy

A
dv

er
se

 e
ve

nt
s

S
ur

gi
ca

l a
pp

ro
ac

h

Patients included from 95 centres (89 UK and 6 overseas)
n = 3326

Fig. 1 Flow chart of included patients. ‘Complex appendicitis’ includes perforation, gangrene or abscess formation
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suspected acute appendicitis; operation performed between
1 May and 30 June 2012 (inclusive); patients of any age
or sex. Patients were excluded if their appendicectomy was
planned or was part of another procedure (such as inciden-
tal appendicectomy as part of elective right hemicolectomy
for colonic cancer).

Outcome measures

The main outcome of interest was the (histopathologically)
normal appendicectomy rate, which was recorded from
the hospital’s own histopathology report without further
standardization. Secondary measures were provision
of laparoscopic appendicectomy and 30-day adverse
events (a composite outcome including wound infection,
intra-abdominal abscess, readmission, unscheduled post-
operative ultrasound scan or computed tomography (CT),
further surgical or radiological intervention within 30 days
and other unexpected adverse postoperative event). This
composite outcome was derived during development of the
protocol, with items being identified though a combination
of extensive literature searches on adverse postoperative
events following appendicectomy and clinical opinion of
the authors. Wound infection was defined according to
the definition provided by the Centers for Disease Control
(definitions for surgical-site infection, SSI)9.

Data collection

Data were collected using a specially constructed
Microsoft Access (Microsoft, Redmond, Washington,
USA) database, locally held and fully anonymized before
centralization. Data domains were collected relating to
the patient, surgeon, operation, hospital, operative method
and postoperative period. A complete list of data fields
and corresponding definitions is shown in the protocol.
In addition, a unit-specific questionnaire was distributed
electronically to all principal investigators to establish local
policies regarding availability and practice of laparoscopic
appendicectomy.

Statistical analysis

Results are reported in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement for observational studies10.
Categories are presented as overall pooled rate and ranges
from included centres. Subgroup analysis was performed
for centre-specific rates from higher-volume hospitals
(taken as those performing more than 25 appendicec-
tomies over the 2-month interval). Differences between
demographic groups were tested with the χ2 test.

Missing data
The presence of missing data for some variables was
anticipated. It was judged important to include these
patients, because they may reflect those less likely to be
captured during routine hours (such as patients undergoing
urgent operations during the night). To take account of
these patients, multiple imputation was used to replace
the missing predictor variables11. Missing-value pattern
analysis revealed a non-monotone data set. Five imputed
data sets were generated using multiple regression (Markov
chain Monte Carlo method) and ten iterations. Results
from logistic regression analysis on each data set were
pooled, using the SPSS version 19 (IBM, Armonk, New
York, USA) multiple imputation module.

Centre variation
Variation in outcomes between individual (anonymized)
centres was assessed using unadjusted funnel plots
(http://www.erpho.org.uk/topics/tools/funnel.aspx) for
normal appendicectomy rates, use of laparoscopy, consul-
tant presence in theatre and occurrence of 30-day adverse
events.

Multivariable logistic regression models
To account for the impact of associated variables when
assessing outcomes, multivariable binary logistic regres-
sion models were built to produce odds ratios (ORs). The
binary outcomes of interest were: normal appendicectomy
rate (versus abnormal pathology), use of initial laparoscopic
approach (versus initial open approach), and occurrence of

Table 2 Characteristics of treatment given by centre

% of patients
treated

No. of
centres

% of total
no. of centres

Preoperative antibiotics 0–74 31 33
75–89 25 26
≥ 90 39 41

Preoperative 0–14 31 33
ultrasonography

15–29 41 43
≥ 30 23 24

Preoperative CT 0–4 28 29
5–19 51 54
≥ 20 16 17

Daytime surgery 0–49 15 16
(08.00–18.00 hours) 50–69 61 64

≥ 70 19 20
Consultant presence 0–24 48 51

25–49 28 29
≥ 50 19 20

Initial laparoscopy 0–49 27 28
50–79 36 38
≥ 80 32 34
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30-day adverse events (versus absence). Variables entered
into these models were those that were clinically plausible
and that occurred before the outcome event. Factors were
either relevant to the individual patient (age, sex, body mass
index, American Society of Anesthesiologists grade, histol-
ogy, duration of surgery) or characteristics of the individual
centre. These centre characteristics were categorized by
the proportion of patients within each hospital receiving a
certain type of care (for example, centres were categorized
as having low (0–49 per cent), medium (50–79 per cent)
or high (80 per cent or above) rates of laparoscopy). The
cut-offs for these rates were centred on the median rate,
with adjustment for spread of data. Models were built
using a forward stepwise process, with variables entering if
P < 0·100 at univariable level and remaining if P < 0·050.
An additional linear regression model was fitted to test the

association between perforation rate and normal appen-
dicectomy rate per centre; this model was adjusted for the
age and sex rate for each centre. Data were analysed using
SPSS version 19.

Results

Demographics

A total of 3326 patients were included from 95 centres,
including 89 centres from the UK and six from outside (2
from Spain, 1 each from Japan, Hong Kong, Australia and
New Zealand). Over the study interval, 30 centres (32 per
cent) performed between one and 25 appendicectomies,
50 (53 per cent) performed between 26 and 50
appendicectomies and 15 (16 per cent) performed between
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Fig. 2 Centre-specific variation by funnel plot analysis for the main outcome measures: a centre-specific normal appendicectomy rate; b
centre-specific 30-day adverse event rate; c centre-specific provision of initial laparoscopic approach; d consultant presence in operating
theatre
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51 and 100 appendicectomies. Cohort demographics are
shown in Table 1 and Fig. 1. A complete data set was
available for 81·9 per cent of all patients. Seven patients
died within 30 days of surgery (mortality rate 0·2 per cent).

Centre-specific variation

Overall and subgroup (centres performing more than
25 appendicectomies over the study interval) ranges for
demographics and outcomes are shown in Table 1. The
treatment characteristics of each centre, categorized by the
proportion of patients within that centre receiving a certain
type of care, are shown in Table 2. For example, there were
27, 36 and 32 centres providing low (0–49 per cent),
36 providing medium (50–79 per cent) and 32 providing
high (80 per cent or more) rates of laparoscopy. The
unit-specific questionnaire was completed by 82 centres

(86 per cent); results showing variation in policy related
to availability of imaging and laparoscopy are shown in
Appendix S2 (supporting information).

Unadjusted variation for the outcome measures is shown
by ascending volume in funnel plots (Fig. 2) and by graphs
of ascending rate (Fig. 3). The upper limit of the funnel
plots represents three standard deviations above the mean
(that is, 99·8 per cent of data). Of 95 centres, 0·1 centres
could be expected to fall either above or below this limit
by chance alone (assuming a purely normal distribution).
Thus, 2·2 centres would be expected above or below
two standard deviations (95·4 per cent of data). Funnel
plot analysis showed 22 low outliers (below 3 standard
deviations) for initial laparoscopy rates, 16 low outliers for
consultant presence, no high outliers (above three standard
deviations) for normal rates or 30-day adverse event rates.
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Histopathology

A normal appendix was removed in 20·6 per cent of
patients. Normal histopathology rates were significantly
higher in female (463 of 1617, 28·6 per cent) than in
male (217 of 1699, 12·8 per cent) patients (P < 0·001), and
significantly lower in those aged over 50 years (39 of 470,
8·3 per cent) compared with those aged 16–50 years (502 of
2141, 23·4 per cent) or less than 16 years (138 of 707, 19·5
per cent) (P < 0·001). In patients undergoing preoperative
CT and laparoscopy, the rate of normal appendicectomy
was 8·9 per cent (18 of 202). In 3·9 per cent of patients, a
final diagnosis other than appendicitis was reached. This
included 42 patients with malignancy, of whom 27 (64 per

cent) were female and the median age was 46 (interquartile
range 22·5–54·5) years.

The unit-specific questionnaire revealed that 89 per cent
of centres (73 of 82) did not have a policy for excision of
a macroscopically normal appendix during laparoscopy
(Appendix S2, supporting information); 10 per cent (8
centres) advocated removal and 1 per cent (1 centre)
advocated not removing a normal appendix. Most centres
had access to CT within 4 h (80 of 82, 98 per cent), but only
51 centres (62 per cent) had same-day access to ultrasound
facilities on Saturday and Sunday. However, only 19·9 per
cent of patients (662 of 3326) had ultrasonography and
12·9 per cent (428) had CT.

Table 3 Univariable and forward stepwise multivariable logistic regression models of normal appendicectomy

Univariable model Multivariable model

Odds ratio P Odds ratio P

Age (years)
< 16 1·00 (reference) 1·00 (reference)
16–50 1·27 (1·02, 1·56) 0·029 1·17 (0·94, 1·47) 0·162
> 50 0·38 (0·26, 0·55) < 0·001 0·33 (0·23, 0·49) < 0·001

Sex
M 1·00 (reference) 1·00 (reference)
F 2·74 (2·30, 3·28) < 0·001 2·80 (2·33, 3·35) < 0·001

Body mass index (kg/m2)
≤ 25 1·00 (reference)
> 25 0·89 (0·74, 1·07) 0·225

ASA grade
I–II 1·00 (reference)
III–IV 0·61 (0·33, 1·12) 0·112

Preoperative antibiotics (%)*
0–74 1·00 (reference)
75–89 0·94 (0·76, 1·17) 0·586
≥ 90 1·02 (0·84, 1·23) 0·860

Preoperative ultrasonography (%)
0–14 1·00 (reference)
15–29 1·06 (0·88, 1·28) 0·551
≥ 30 1·10 (0·86, 1·41) 0·445

Preoperative CT (%)
0–4 1·00 (reference)
5–19 1·04 (0·83, 1·29) 0·753
≥ 20 1·26 (0·96, 1·65) 0·094

Daytime surgery (08.00–18.00 hours)
0–49 1·00 (reference) 1·00 (reference)
50–69 1·04 (0·85, 1·28) 0·685 0·74 (0·57, 0·94) 0·016
≥ 70 0·68 (0·53, 0·87) 0·002 0·65 (0·48, 0·88) 0·006

Initial laparoscopy (%)*
0–49 1·00 (reference)
50–79 0·86 (0·69, 1·07) 0·168
≥ 80 0·92 (0·74, 1·14) 0·443

Hospital volume†
0–24 1·00 (reference) 1·00 (reference)
25–49 1·17 (0·89, 1·54) 0·262 1·20 (0·89, 1·61) 0·225
≥ 50 1·41 (1·05, 1·89) 0·022 1·44 (1·06, 1·97) 0·021

Values in parentheses are 95 per cent confidence intervals. ASA, American Society of Anesthesiologists; CT, computed tomography. *Groups represent
proportion of patients per hospital. †Number of appendicectomies performed over the 2-month study interval.
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Hospital characteristics significantly associated with
normal appendicectomy (Table 3) included an increasing
rate of daytime surgery, with the greatest reduction in
centres providing 70 per cent or more of operations
during the daytime (OR 0·65; P = 0·006). A hospital
volume of up to 49 cases over the study interval was not
significant, but 50 or more appendicectomies increased
the odds of normal findings on histopathology (OR 1·44;
P = 0·021).

In a model adjusted for age and sex, an increasing normal
appendicectomy rate was significantly associated with a

decreasing perforation rate (adjusted β coefficient −0·38,
95 per cent confidence interval −0·87 to −0·25; P = 0·001).

Operative approach

Laparoscopic appendicectomy was performed in 1976
patients (59·4 per cent) and laparoscopic conversion
was required in 230 patients (6·9 per cent). Reasons for
choice of initial operative approach are shown in Table S1
(supporting information). Some 56 per cent of centres
made laparoscopic appendicectomy available to all patients

Table 4 Univariable and forward stepwise multivariable logistic regression models of an initially laparoscopic appendicectomy

Univariable model Multivariable model

Odds ratio P Odds ratio P

Age (years)
< 16 1·00 (reference) 1·00 (reference)
16–50 2·53 (2·12, 3·01) < 0·001 3·16 (2·55, 3·90) < 0·001
> 50 1·91 (1·50, 2·43) < 0·001 2·69 (2·01, 3·61) < 0·001

Sex
M 1·00 (reference) 1·00 (reference)
F 3·03 (2·60, 3·53) < 0·001 3·27 (2·77, 3·88) < 0·001

Body mass index (kg/m2)
≤ 25 1·00 (reference)
> 25 1·35 (1·45, 1·59) < 0·001

ASA grade
I–II 1·00 (reference) 1·00 (reference)
III–IV 0·36 (0·23, 0·56) < 0·001 0·31 (0·19, 0·52) < 0·001

Histology
Simple appendicitis 1·00 (reference) 1·00 (reference)
Complex appendicitis* 1·20 (1·00, 1·43) 0·046 1·15 (0·95, 1·41) 0·158
Normal appendix 1·81 (1·48, 2·21) < 0·001 1·44 (1·15, 1·81) 0·001
Other† 0·96 (0·67, 1·39) 0·829 0·91 (0·61, 1·35) 0·632

Preoperative antibiotics (%)‡
0–74 1·00 (reference)
75–89 0·93 (0·77, 1·11) 0·420
≥ 90 1·26 (1·07, 1·49) 0·007

Preoperative ultrasonography (%)‡
0–14 1·00 (reference) 1·00 (reference)
15–29 0·73 (0·62, 0·86) < 0·001 0·51 (0·42, 0·61) < 0·001
≥ 30 0·65 (0·53, 0·80) < 0·001 0·55 (0·43, 0·71) < 0·001

Preoperative CT (%)†
0–4 1·00 (reference) 1·00 (reference)
5–19 0·73 (0·61, 0·89) 0·001 0·49 (0·39, 0·62) < 0·001
20 ≥ 1·21 (0·94, 1·55) 0·132 0·94 (0·70, 1·27) 0·704

Daytime surgery (08·00–18·00 hours) (%)‡
0–49 1·00 (reference) 1·00 (reference)
50–69 0·92 (0·74, 1·14) 0·424 0·72 (0·56, 0·92) 0·009
≥ 70 1·44 (1·11, 1·88) 0·007 1·12 (0·82, 1·54) 0·481

Hospital volume§
0–24 1·00 (reference) 1·00 (reference)
25–49 1·90 (1·54, 1·36) < 0·001 2·70 (2·08, 3·52) < 0·001
≥ 50 2·73 (2·15, 3·46) < 0·001 4·40 (3·27, 5·91) < 0·001

Consultant presence (%)‡
0–24 1·00 (reference) 1·00 (reference)
25–49 0·96 (0·82, 1·14) 0·652 1·29 (1·06, 1·56) 0·010
≥ 50 2·18 (1·68, 2·83) < 0·001 4·87 (3·49, 6·80) < 0·001

Values in parentheses are 95 per cent confidence intervals. *Perforation, gangrene or abscess formation. †All diagnoses excluding those related to acute
appendicitis or normal appendicectomy (for example malignancy, inflammatory bowel disease). ‡Groups represent proportion of patients per hospital.
§Number of appendicectomies performed over the 2-month study interval. ASA, American Society of Anesthesiologists; CT, computed tomography.
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Table 5 Univariable and forward stepwise multivariable logistic regression models of 30-day adverse events

Univariable model Multivariable model

Odds ratio P Odds ratio P

Age (years)
< 16 1·00 (reference)
16–50 0·98 (0·75, 1·27) 0·862
> 50 1·47 (1·06, 2·05) 0·022

Sex
M 1·00 (reference)
F 1·03 (0·84, 1·27) 0·751

Body mass index (kg/m2)
≤ 25 1·00 (reference) 1·00 (reference)
> 25 1·64 (1·32, 2·05) < 0·001 1·39 (1·10, 1·76) 0·006

ASA grade
I–II 1·00 (reference)
III–IV 2·24 (1·34, 3·74) 0·002

Histology
Simple appendicitis 1·00 (reference) 1·00 (reference)
Complex appendicitis* 2·65 (2·09, 3·37) < 0·001 2·09 (1·62, 2·70) < 0·001
Normal appendix 1·21 (0·90, 1·63) 0·203 1·32 (0·97, 1·79) 0·075
Other† 2·93 (1·88, 4·58) < 0·001 2·77 (1·75, 4·37) < 0·001

Duration of surgery (min)
< 60 1·00 (reference) 1·00 (reference)
≥ 60 1·77 (1·42, 2·20) < 0·001 1·43 (1·14, 1·81) 0·002

Preoperative antibiotics (%)‡
0–74 1·00 (reference)
75–89 0·99 (0·76, 1·29) 0·942
≥ 90 1·11 (0·88, 1·40) 0·387

Preoperative ultrasonography (%)‡
0–14 1·00 (reference)
15–29 0·93 (0·74, 1·17) 0·514
≥ 30 1·19 (0·89, 1·60) 0·234

Preoperative CT (%)‡
0–4 1·00 (reference)
5–19 0·97 (0·74, 1·26) 0·814
≥ 20 1·04 (0·75, 1·45) 0·812

Daytime surgery (08.00–18.00 hours) (%)‡
0–49 1·00 (reference)
50–69 1·24 (0·90, 1·71) 0·194
≥ 70 1·16 (0·79, 1·70) 0·443

Consultant presence (%)‡
0–24 1·00 (reference)
25–49 0·93 (0·66, 1·31) 0·681
≥ 50 0·81 (0·59, 1·10) 0·177

Initial laparoscopy (%)‡
0–49 1·00 (reference) 1·00 (reference)
50–79 0·65 (0·50, 0·85) 0·001 0·59 (0·45, 0·77) < 0·001
≥ 80 0·80 (0·62, 1·03) 0·082 0·70 (0·53, 0·93) 0·012

Skin closure
Subcuticular suture 1·00 (reference) 1·00 (reference)
Clips/interrupted skin 1·87 (1·46, 2·40) < 0·001 1·31 (1·01, 1·72) 0·046
Tissue glue 1·72 (0·99, 3·00) 0·053 1·80 (1·01, 3·20) 0·046

Abdominal washout
No 1·00 (reference) 1·00 (reference)
Yes 1·76 (1·40, 2·22) < 0·001 1·37 (1·06, 1·77) 0·016

Drain use
No 1·00 (reference) 1·00 (reference)
Yes 2·50 (1·92, 3·25) < 0·001 1·60 (1·19, 2·15) 0·002

Hospital volume§
0–24 1·00 (reference) 1·00 (reference)
25–49 0·67 (0·50, 0·89) 0·006 0·66 (0·48, 0·90) 0·008
≥ 50 0·68 (0·49, 0·93) 0·016 0·73 (0·52, 1·03) 0·074

Values in parentheses are 95 per cent confidence intervals. *Perforation, gangrene or abscess formation. †All diagnoses excluding those related to acute
appendicitis or normal appendicectomy (for example malignancy, inflammatory bowel disease). ‡Groups represent proportion of patients per hospital.
§Number of appendicectomies performed over the 2-month study interval. ASA, American Society of Anesthesiologists; CT, computed tomography.
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at any time; restrictions to laparoscopy were in place for
16 per cent of centres at weekends and for 20 per cent
during out-of-hours (18·00–08·00 hours) weekday practice
(Appendix S2, supporting information). Hospital character-
istics significantly associated with increased laparoscopic
use were increasing total volume and an increasing rate of
consultant presence in theatre; preoperative ultrasonog-
raphy, preoperative CT and a medium rate of daytime
surgery were associated with reduced rates (Table 4).

Adverse events

Thirty-day adverse events were experienced by 12·5 per
cent of patients (417 of 3326), and included 3·4 per cent
(113 of 3326) with a wound infection, 2·7 per cent with
a pelvic abscess (90 of 3326) and 2·9 per cent (98 of
3326) undergoing further surgical and/or radiological
intervention (Fig. 1). Hospital characteristics significantly
associated with a reduced rate of adverse events included
an increasing rate of laparoscopy and medium volume
(Table 5).

Both use of abdominal washout and peritoneal drain
were significantly associated with conversion to an open
procedure and more advanced histopathological grade
(Table S2, supporting information). When adjusted for
histopathological findings and operative approach, both
modalities were associated with an increased rate of
adverse events (Table 5).

Following laparoscopic excision of a normal appendix,
10·7 per cent of patients experienced an adverse event
(54 of 503 laparoscopically removed normal appendices)
(Table S3, supporting information). This rate was similar
when a normal appendix was removed during a totally open
operation (16 of 169, 9·5 per cent; P = 0·641); however,
laparoscopic removal of a normal appendix reduced the
need for further surgical or radiological reintervention
at 30 days (3·6 per cent for open versus 0·6 per cent for
laparoscopic surgery; P = 0·010).

Discussion

Daytime surgery, higher volume, consultant presence
in theatre and use of laparoscopy were organizational
factors associated with improved provision and outcome
from appendicectomy in the present study. However,
low negative appendicectomy rates came at the cost of
higher perforation rates. The optimal centre may be high-
volume with increased CT capability, leading to improved
laparoscopy rates with acceptable normal/perforation rates.
These factors could be addressed locally to ensure high-
quality delivery of acute general surgical care, with

appendicectomy potentially acting as a quality marker of
this care. Improvements to standardize variation could be
drawn from the markers of provision identified, including
imaging, laparoscopy and consultant supervision rates.

The wide range of laparoscopy rates observed affected
even high-volume centres. This is despite numerous
RCTs comparing laparoscopic and open approaches; a
Cochrane review of 67 randomized trials summarized
by recommending laparoscopy unless contraindicated8.
Increased use of laparoscopy may reliably reduce normal
appendicectomy rates, although time trend analysis was
beyond the scope of this study12–14. However, recent
studies have suggested that the modest improvement in
outcome seen with laparoscopy is diminishing, which may
in part explain some reluctance for widespread uptake15,16.

The present study showed a clear association between
higher volume, consultant presence and daytime surgery
in promoting the use of laparoscopy, which in turn was
associated with a reduction in 30-day morbidity rates.
Daytime surgery further reduced normal appendicectomy
rates, and there is increasing evidence that short delays to
allow operation within normal hours does not increase the
rate of perforation, but the impact on SSI requires further
research17,18. Although higher volume was associated with
increased laparoscopy and reduced 30-day morbidity rates,
the optimal volume to reduce normal rates was found in
the medium group, and high volume appeared to come at
the cost of higher negative rates.

The high negative appendicectomy rate in this cohort
may suggest that a widespread change in practice of
preoperative diagnosis is needed. However, lower normal
appendicectomy rates appeared to come at the cost
of higher perforation rates; this may represent the
consequences of missed appendicitis. A population-based
study from the USA disproved the association between
normal and perforated appendicitis19, in conflict with the
present study. Further research is clearly needed to define
the optimal normal appendicectomy rate, although a zero
rate seems undesirable in the light of the present findings.

Although a high rate of CT use was not associated with
a reduction in the normal appendicectomy rate, the overall
use of CT was low (12·9 per cent) and non-randomized,
which confounds this finding. The low rate suggests that
there may be under utilization, especially in comparison
with the higher imaging rates used elsewhere. In the USA,
preoperative imaging rates of 91 per cent (predominantly
CT) with associated normal appendicectomy rates of 5·6
per cent have been reported20. Both randomized and
population-level studies also support the effectiveness of
CT in reducing normal appendicectomy rates21–23. This
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must be tailored against the radiation risk, especially in
children24.

By these rationales, higher-volume centres with
increased use of CT may result in improved laparoscopy
rates (and thus lower 30-day morbidity rates) with medium
to low normal appendicectomy rates (and thus acceptable
perforation rates). However, ‘real-world’ limitations of
these approaches exist; 8·9 per cent of patients undergoing
preoperative CT and laparoscopy in the present study still
had a normal appendicectomy performed. Furthermore,
comparative improvement above that offered by a standard
combination of clinical examination (including gynaeco-
logical examination in fertile women), laboratory findings
(including novel biomarker discovery) and selective CT
should be ensured before routinely imaging the majority
of patients25,26.

The strength of the present study is the generalizabil-
ity and the detail of the prospective data collected. Most
administrative databases cannot supply the same detail
for patient-level data and may specifically be inaccurate for
laparoscopy and normal appendicectomy rates27,28. Several
important weaknesses remain. It is feasible that some eli-
gible patients were not captured during this process. How-
ever, the large sample size and high proportion of patients
captured during out-of-hours periods suggest a high degree
of completeness. Although multiple imputation11,29 was
used to compensate for missing data fields, future studies
employing this model should focus on improving data accu-
racy. The trainee research networks distribute information
and invite participation through cascading pathways, mak-
ing calculation of a denominator for the total number of
invitations difficult. This study used the original pathol-
ogy report as the marker of final histopathology, although
differing criteria between pathologists regarding the defi-
nition of appendicitis is controversial.

The preplanned protocol did not aim to capture those
undergoing diagnostic laparoscopy for right iliac fossa pain
without appendicectomy, as they represent a separate group
with different outcomes and research needs. However,
this potentially affected volume assessment and normal
appendicectomy rates, which is an important limitation
when considering the impact of laparoscopy.

The 30-day adverse event rate may better capture
the whole patient experience, prevent repeated statistical
testing, and prevent reliance on SSI as a sole quality
marker. Although the SSI rate in this study (3·4 per cent)
was in keeping with that from randomized trials and meta-
analysis8,30, these rates still may significantly underestimate
the true incidence. When properly defined and assessed,
the rate following abdominal operations may be as high
as 20 per cent31. The limitations of using this composite

endpoint include its inability to identify specific benefits or
risks for a particular intervention.

Some recent studies have suggested that trainees increase
the rate of complications following appendicectomy32, and
others that they do not affect it33. The present study
found that centres with a high rate of consultant presence
in theatre were associated with improved laparoscopy
rates, but this did not affect 30-day adverse event rates.
There is a lack of evidence as to whether patients expect
a consultant to be present in theatre (or immediately
available), and whether they expect the same level of
technique (laparoscopy) whether or not a consultant is
present.

Some findings from the present study can be explained
by case mix. The association of abdominal washout, drains
and various skin closure techniques was variable and often
high, with little robust evidence to guide their practice.
Their association within this non-randomized study is
more likely as markers of severity than as causative factors.
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