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Health Care

loads and placing control of the emergency
theatre under the acute care general sur-
geon. Control of the emergency operating
theatre allowed for planning of the semi-
urgent caseload. The duty acute care sur-
geon remained on site during the working
day, with no other commitments other than
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ABSTRACT

Objective:  To assess the outcomes of appendicectomy in an acute care surgery (ACS) 
model compared with a traditional on-call (Trad) model.
Design:  Retrospective historical control study comparing appendicectomy outcomes in 
the Trad period (April 2004 to March 2005) with outcomes in the ACS period (April 2006 
to March 2007).
Setting:  The Prince of Wales Public Hospital, a metropolitan tertiary referral centre in 
Sydney.

nts:  All adult patients undergoing appendicectomy during 1-year periods before 
fter the introduction of the ACS model.
vention:  The introduction of an ACS model for managing all emergency general 
cal presentations.
 outcome measure:  Complication rate.
lts:  A total of 402 appendicectomies were performed, 176 during the Trad period 

and 226 during the ACS period. There was no perioperative mortality. The complication 
rate was lower in the ACS period than the Trad period (9.3% v 17.0%; P = 0.02). After 
the intervention, there was no significant change in the time from presentation to arrival 
in theatre or in length of stay, but the proportion of operations performed at night 
(24:00–08:00) was reduced from 26.1% to 15.0% (P = 0.006). The proportion of negative 
appendicectomies was reduced from 22.7% to 17.3%, but the change was not 
statistically significant (P = 0.08). There was no difference in perforation rate before 
and after the intervention (13.6% v 13.3%; P = 0.86).
Conclusion:  The ACS model provides a safe surgical environment for patients and 
is associated with a reduced complication rate. Under the ACS model, there was an 
increase in the number of patients treated conservatively overnight, but this did not lead 
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to an overall increase in perforation rate or length of stay.
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 acute care surgery (ACS) service1

s introduced at Prince of Wales
blic Hospital (POWH), Sydney, in

September 2005 (Box 1). The primary aim
of introducing an ACS was to provide a
consultant-led service to improve the effi-
ciency and the predictability of the emer-
gency surgery service. This was achieved by
separating the elective and emergency work-

the ACS service. Patients whose surgical care
had not been completed by the end of the
duty period were handed on to the next
acute care duty surgeon for definitive care.
The introduction of the ACS service at our
institution coincided with the formalised
referral of surgical patients from a second
emergency department within the area net-
work. There were no changes in the clinical
guidelines for patient care.

Appendicectomy is the most commonly
performed emergency intra-abdominal pro-
cedure in Australia. On this basis, we chose
to review the management of acute appendi-
citis to assess whether there were any
improvements in patient outcomes and
patient flow with implementation of the
ACS model.

METHODS
We conducted a retrospective historical con-
trol study using the medical records of all
patients who had undergone appendicec-
tomy over two 1-year periods: 1 April 2004
to 31 March 2005 (the traditional on-call
[Trad] model), and 1 April 2006 to 31
March 2007 (the ACS model). Patients who
underwent appendicectomy during the 6
months before and the 6 months after intro-
duction of the ACS (in October 2005) were
not included, as this was a transitional
period during which the ACS model was
piloted.

The inclusion criteria were patients
undergoing operations at POWH with the
following ORMIS (Operating Room Man-
agement Information System; iSOFT, Ban-
bury, UK) codes:
• 30571 (open appendicectomy); and

• 30572 (laparoscopic appendicectomy).
Patients admitted for elective interval

appendicectomy were excluded.
Patient medical records, operation

reports, times and discharge summaries
were examined. Patient demographics, time
and date of presentation and operation,
operative findings, type of procedure (open
or laparoscopic), histology of the appendix,
morbidities, length of stay, preoperative use
of imaging (ultrasound or computed tomog-
raphy) and preoperative consultant review
were recorded. Operation times were
divided into three groups for the purposes
of analysis: day (08:00–17:00), evening
(17:00–24:00) and night (24:00–08:00).
Histological reports were retrieved from the
hospital pathology server. Morbidities were
recorded and grouped into operation-spe-
cific and general complications. Operation-
specific complications included wound
complications, intra-abdominal collections,
small bowel obstructions and readmissions.
General complications included cardiac, res-

piratory and thromboembolic complications
and urinary tract infections.

The null hypothesis was that there was no
difference in post-appendicectomy out-
comes between the Trad and ACS systems.
Outcomes analysed were time to operation,
time to discharge, morbidity, perforation
rate and negative appendicectomy rate.
Time of day of appendicectomy was com-
pared between the systems. Morbidity, per-
foration rate and negative appendicectomy
rate were also analysed according to time of
day.

Data were analysed using SPSS software,
version 17.0 (SPSS Inc, Chicago, Ill, USA).
χ2 tests were performed to evaluate binomial
data and Mann–Whitney U tests were used
to evaluate categorical data.

Ethics approval
Our study was approved by the Human
Research Ethics Committee of the South
Eastern Sydney and Illawarra Area Health
Service.
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RESULTS
Of 402 patients who underwent appendicec-
tomy for suspected acute appendicitis during
the study period, 176 had the operation dur-
ing the Trad period and 226 during the ACS
period. There were no statistically significant
differences in the demographics or insurance
status of the two groups (Box 2), and there
were no deaths in either group. Patients in the
ACS group were more likely to have a docu-
mented preoperative review by a consultant
surgeon and to undergo ultrasound and com-
puted tomography. There was no significant
difference between groups in the histological
perforation rate or negative appendicectomy
rate, but there was weak evidence that the ACS
model reduced the latter.

There was no difference between the two
groups in median length of time from emer-
gency department presentation to arrival in
the operating theatre (10 h 27 min [Trad] v
9 h 36 min [ACS]; P = 0.29). Forty per cent
of appendicectomies were completed lap-
aroscopically in the ACS group compared
with 11% in the Trad group (P < 0.001).
There was no significant difference in con-
version rate.

A significantly higher proportion of
operations took place during the day in
the ACS period (47.8% v 34.1%; P =
0.006), and a significantly lower propor-
tion of operations were performed at night
in the ACS period (15.0% v 26.1%; P =
0.006). The proportion of operations per-
formed in the evening did not differ sig-

nificantly between the Trad and ACS
groups (Box 3).

The overall complication rate was signifi-
cantly lower in the ACS period than the Trad
period (9.3% v 17.0%; P = 0.02) (Box 4),
and the complication rate during daytime
hours (08:00–17:00) was also significantly
lower in the ACS group than the Trad group
(9.3% v 21.7%; P = 0.02) (Box 3). The com-
plication rate for non-perforated appendi-
citis was significantly lower in the ACS
group (4.6% v 12.5%; P = 0.009).

The negative appendicectomy rate was
significantly lower in the ACS group than
the Trad group at night (P < 0.05) but not at
other times (Box 3). There was no overall
change in the appendiceal perforation rate.
There was also no significant difference
between groups in the perforation rates
when analysed according to time of day (P
[day] = 0.10; P [evening] = 0.33; P [night] =
0.31).

DISCUSSION

The ACS model is consultant-led. This is
demonstrated by a significant increase in
preoperative patient review by a consultant
(from 38.1% to 54.9%) and in supervision
of junior surgeons in the operating theatre
(from 32.4% to 46.9%). While these pro-
portions appear low, they must be taken in
the context of the acute care surgeon being
on site for 50 hours of the 168-hour week
(ie, 29.8% of the time). The increase in
consultant supervision reduces adverse out-
comes without compromising registrar
training opportunities. A 28% increase in
appendicectomy workload, from 176 (Trad
group) to 226 (ACS group), was observed.
The increase may be due to referrals from a
second emergency department.

Patient–consultant interaction before an
operation is likely to reinforce patients’ con-
fidence in their care. Consultants were not
encouraged to ensure documentation with
the advent of ACS, so it is assumed that the
ratio of documented to undocumented
reviews was equal across both groups. Pro-
spective data (not included in this study)
suggest that all emergency general surgical
patients are reviewed by the ACS surgeon
within 24 hours of admission.

Our study specifically investigated the
treatment of patients with appendicitis,
rather than those with right iliac fossa pain.
However, the presence of an on-site acute
care surgeon can have a major impact in all
areas. A previous study conducted at
POWH showed that 40% of all general
surgical presentations are saved from

1 Essential differences between the traditional on-call model for emergency 
appendicectomy and the acute care surgery (ACS) model

No
Treatment may have to be

 delayed until surgeon is free

Yes
Provides immediate 

assessment and treatment

Guaranteed onsite surgeon? 
(07:30–18:00 weekdays)

ACS model Traditional on-call model

No
More emergency procedures 
may take place “out of hours”

Yes
Ability to plan cases and 
reduce theatre downtime

Emergency theatre 
scheduling under control 

of general surgeon?

No
Elective work may interfere 
with best emergency care

Yes
Enhances availability and 

continuity of care

Dedicated emergency 
surgery registrar and resident?

No
Care of emergency patients may
 interfere with elective workload

Yes
Consultant free from emergency 
commitments after ACS period

Ability to hand over patients 
who have not yet received 

“definitive” care?

ACS model

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday

                      ACS surgeon 1 ACS surgeon 2              Surgeon 3 (on call from
  07:30-17:30                                                     07:30-17:30                                           Friday 18:00 to Monday 07:30)

  Acute care registrar and resident 07:30–17:30

 On-call registrar On-call registrar On-call registrar On-call registrar On-call registrar
 17:00–08:00 17:00–08:00 17:00–08:00 17:00–08:00 17:00–08:00

Traditional on-call model

 Monday Tuesday Wednesday Thursday Friday Saturday Sunday

 Consultant 1 Consultant 2 Consultant 3 Consultant 4 Consultant 5 Consultant 6

 Consultant Consultant Consultant Consultant Consultant 
 Team registrar Team registrar Team registrar Team registrar Team registrar
 07:30–08:00 07:30–08:00 07:30–08:00 07:30–08:00 07:30–08:00

Weekend
registrar

07:30–08:00

Weekend
registrar

07:30–08:00

Weekend
registrar

07:30–08:00

Weekend
registrar

07:30–08:00



HEALTH CAR E
admission by the presence of an on-site
acute care surgeon.1

We did not observe any significant
improvement in patient flow in terms of
time to theatre or length of stay. A previous
study of patients undergoing appendicec-
tomy showed that the introduction of acute
care surgery was associated with a reduced
time to theatre and reduced length of stay.2

However, this was achieved against a back-
ground of an increased proportion of appen-
dicectomies being carried out after
midnight. Control of the emergency operat-
ing theatre gave the acute care surgeon the
ability to intentionally delay non-urgent
appendicectomy during the night until the
following day. With this conservative
approach, there was no increase in perfora-
tion rate, the complication rate was reduced
and there was no increase in length of stay.

The increasing use of preoperative ima-
ging and laparoscopic techniques are two
confounders. The greater use of preopera-
tive imaging during the ACS period com-
pared with the Trad period could potentially
have reduced the negative appendicectomy
rate, but our results did not show this. Meta-
analyses have also failed to consistently
show a decrease in the overall rate of com-
plications when comparing conventional
with laparoscopic appendicectomy.3-7

Laparoscopic appendicectomy has been
shown to reduce the rate of wound infec-
tion, but is associated with a higher inci-
dence of intra-abdominal collection.
Reduced postoperative pain scores in
patients undergoing laparoscopic appendi-
cectomy may also reduce the incidence of
cardiorespiratory complications, but this
was not demonstrated in our study.4-7

Over the period of our study, laparoscopic
appendicectomy became more widely used,
and we accept that this change may have
had a bearing on our results in terms of a
learning curve. Subgroup analysis of the
complications of laparoscopic appendicec-
tomy shows a significantly lower complica-
tion rate in the ACS period.

Introduction of the ACS system facilitated
a reduction in the number of appendicecto-
mies being performed “out of hours”. There
was an increase in appendicectomies carried
out during office hours (from 34.1% to
47.8%) and a reduction in operations per-
formed after midnight (from 26.1% to
15.0%). Patients undergoing appendicec-
tomy after midnight were more likely to
have perforation and significantly less likely
to have a normal appendix in the ACS
period than in the Trad period. In the ACS
model, patients presenting with perforated

2 Patient demographics, investigations and outcomes*

Traditional on-call 
model (n = 176)

Acute care surgery 
model (n = 226) P

Mean age (years) 33.6 32.8 0.57

Female 93 (52.8%) 104 (46.0%) 0.24

Privately insured 58 (33.0%) 60 (26.5%) 0.4

Ultrasound scan 11 (6.3%) 37 (16.4%) 0.001

Computed tomography scan 20 (11.4%) 53 (23.5%) 0.002

Documented consultant review 67 (38.1%) 124 (54.9%) 0.001

Perforated appendicitis 24 (13.6%) 30 (13.3%) 0.86

Negative appendicectomy 40 (22.7%) 39 (17.3%) 0.08

Complications 30 (17.0%) 21 (9.3%) 0.02

Laparoscopic complication rate 7 of 20 7 of 90 0.004

Consultant first operator 56 (31.8%) 77 (34.1%) 0.67

Consultant present at operation 57 (32.4%) 106 (46.9%) 0.004

Median length of stay in days (range) 2 (1–17) 3 (1–13) 0.92

Median time to arrival in theatre (h:min) 10:27 09:36 0.29

* Data are number of patients (%) unless otherwise specified. ◆

3 Outcomes, by time of day of operation

08:00–17:00
(day)

17:00–24:00
(evening)

24:00–08:00
(night) Overall

Outcome Trad ACS Trad ACS Trad ACS Trad ACS

Proportion of total 
operations

34.1% 47.8%* 39.8% 37.2% 26.1%* 15.0% 100% 100%

Perforation rate 18.3% 10.2% 12.9% 16.7% 8.7% 14.7% 13.6% 13.3%

Negative appendic-
ectomy rate

23.3% 21.3% 14.3% 11.9% 34.8%† 17.7% 22.7% 17.3%

Complication rate 21.7%† 9.3% 14.3% 7.1% 15.2% 14.7% 17.0%† 9.3%

ACS = acute care surgery model. Trad = traditional on-call model. * P < 0.01. † P < 0.05. ◆

4 Complications of appendicectomy

Complication Trad (n = 176)* ACS (n = 226)* P

Operation-specific

Wound infection or haematoma 10 (5.7%) 6 (2.7%) 0.13

Pelvic collection 5 (2.8%) 3 (1.3%) 0.30

Small bowel obstruction 2 (1.1%) 3 (1.3%) 0.86

Readmission with bowel obstruction 2 (1.1%) 1 (0.4%) 0.42

Readmission with pain 3 (1.7%) 1 (0.4%) 0.21

Subtotal 22 (12.5%) 14 (7.1%) 0.04

General

Respiratory 4 (2.3%) 3 (1.3%) 0.47

Deep vein thrombosis or pulmonary 
embolism

2 (1.1%) 1 (0.4%) 0.42

Cardiac 2 (1.1%) 1 (0.4%) 0.42

Urinary tract infection 0 2 (0.8%) 0.21

Subtotal 8 (4.5%) 7 (3.1%) 0.60

Total 30 (17.0%) 21 (9.3%) 0.02

ACS = acute care surgery model. Trad = traditional on-call model. * Data are number of patients (%). ◆
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appendicitis were still operated on after
midnight. Having the acute care surgeon in
control of the emergency operating theatre
allows operations for patients with non-
perforated appendicitis to be scheduled for
the following morning.

An increase in the number of patients
treated conservatively overnight did not lead
to an overall increase in perforation rate.
Other surgical studies and the findings of
the National Confidential Enquiry into Peri-
Operative Deaths in the United Kingdom
suggest that it is safe to delay surgery for
non-perforated appendicitis and that sur-
gery after midnight may be associated with
increased morbidity and mortality.8-12 Pro-
spective studies have reported that delay in
presentation, rather than in-hospital delay,
account for most of the perforations in
patients with appendicitis.13-16

We have demonstrated that delaying
operations for uncomplicated appendicitis
reduced the complication rate and did not
alter length of stay. Other studies have con-
firmed that a 12–24-hour delay before sur-
gery is acceptable.14,17,18 The potential to
perform appropriately timed appendicec-
tomy is achieved by providing the duty
surgeon with control of access to the emer-
gency theatre during the day. Greater input
and supervision from senior clinicians with
respect to diagnosis, management and time-
liness of intervention enhance the safety of a
surgical service.

By implementing a consultant-led system
and a culture in which emergency surgery is
prioritised and separated from the elective
surgical stream, complications and unneces-
sary operations after midnight can be
reduced.
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