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ABSTRACT

INTRODUCTION The acute surgical model has been trialled in several institutions with mixed results. The aim of this study was
to determine whether the acute surgical model provides better outcomes for patients with acute biliary presentation, compared
with the traditional emergency surgery model of care.
METHODS A retrospective review was carried out of patients who were admitted for management of acute biliary presentation,
before and after the establishment of an acute surgical unit (ASU). Outcomes measured were time to operation, operating time,
after-hours operation (6pm – 8am), length of stay and surgical complications.
RESULTS A total of 342 patients presented with acute biliary symptoms and were managed operatively. The median time to
operation was significantly reduced in the ASU group (32.4 vs 25.4 hours, p=0.047), as were the proportion of operations per-
formed after hours (19.5% vs 2.5%, p<0.001) and the median length of stay (4 vs 3 days, p<0.001). The median operating
time, rate of conversion to open cholecystectomy and wound infection rates remained similar.
CONCLUSIONS Implementation of an ASU can lead to objective differences in outcomes for patients who present with acute
cholecystitis. In our study, the ASU significantly reduced time to operation, the number of operations performed after hours and
length of stay.
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The acute surgical model (ASM) is a new fundamental shift
in the restructuring of the management of acute general
surgical presentation in Australia. In light of the prelimi-
nary results, trials of ASM implementation have been car-
ried out in several institutions with mixed results.1–9 The
ASM was envisioned to allow a dedicated consultant-led
team to manage acute surgical presentations efficiently
and effectively. This coincides partly with the Australian
healthcare service model that encourages greater patient
flow in the emergency department.10

In the traditional emergency surgery model, patients
were managed by an on-call consultant surgeon after
being assessed by the acute surgical registrar. Ongoing
care at the registrar level would then be handed over to
the registrar of the unit to which the on-call consultant
belonged. Patients were booked into a common emergency
surgery list shared by other surgical specialties and obstet-
rics. Theatre allocation uncertainty coupled with the fact
that most on-call consultants were visiting medical officers
with external commitments at other centres had often led
to prolonged time to surgery.

Monash Medical Centre (MMC) is a tertiary metropoli-
tan referral hospital in Victoria, Australia. MMC established
the acute surgical unit (ASU), which was based on the

ASM, on 18 July 2011. The MMC ASU comprises ten upper
gastrointestinal and hepatobiliary specialist surgeons as
well as two general surgeons, who are all trained to man-
age the various complexities of acute gallbladder presenta-
tion and its complications. The ASU surgeons are also
visiting medical officers of the upper gastrointestinal and
hepatobiliary unit in the hospital.

The introduction of the ASU at our site allowed for a con-
sultant surgeon to be rostered during daylight hours and on
call exclusively after hours. Consultants rotate every 24
hours, beginning at 7pm every day. They are freed from
elective surgical commitments and guide the management
of patients in the unit for the 24-hour period. The dedicated
ASU team is completed by three rotating surgical registrars,
one surgical resident and two surgical interns, with continu-
ity of care ensured at the registrar level. Postoperative
patients needing a stay of more than 48 hours are trans-
ferred to the respective specialist surgeon’s unit. A consul-
tant-led ward round is conducted every morning. This is
followed by an exclusive ASU theatre made available every
afternoon (1–5pm), except Sundays, to ensure there is no
conflict for theatre availability with elective procedures.

The impact of the ASU on appendicectomy outcomes
was reviewed at MMC in 2013.11 A significant decrease in
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the number of operations performed after hours was
shown, without any significant decrease in objective out-
comes. In light of this previous study, we chose to review
the impact of the ASU on the surgical management of
acute gallbladder presentations, which are a common
emergency presentation to our institution. Acute gallblad-
der presentations comprise either patients with clinical
and radiological evidence of acute cholecystitis or those
with persistent biliary colic. A strong body of evidence has
shown that early cholecystectomy is a more cost effective
approach than delayed cholecystectomy as it reduces the
length of hospital stay and lowers morbidity rates.12–14 The
aim of the present study was therefore to determine
whether the ASM provided better outcomes for patients
with acute gallbladder symptoms, compared with the tradi-
tional emergency surgery model of care.

Methods

A retrospective review was carried out of all public patients
who were admitted for management of acute cholecystitis
or persistent biliary colic over a two-year period (1 July
2010 – 30 June 2012) at MMC. This included the one-year
period before and one year after the establishment of the
ASU on 18 July 2011 at our centre. The study was approved
by the Monash Health human research ethics committee
as a quality assurance study.

Patients included in the study were diagnosed with an
acute gallbladder by correlating history and physical
examination findings, with confirmation by ultrasonogra-
phy showing the presence of gallstones, with or without a
thickened gallbladder wall, and/or pericholecystic fluid
(cholecystitis vs biliary colic). Patients who were managed
conservatively (for many reasons but mainly high anaes-
thetic risk or concurrent illness that precluded the patient
from surgery) were excluded from the final analysis.
Patients with gallstone pancreatitis were also treated as a
separate category as they were expected to have a different
clinical course and length of hospital stay. Independent
analysis of their outcome measures was also performed to
provide more insight into our management of complicated
gallstone disease.

The patient database was anonymised. Patients with
acute gallbladder were divided into two groups: those who
were admitted prior to 18 July 2011 (pre-ASU group) and
those admitted after 18 July 2011 (ASU group). Surgery
was performed if the diagnosis of acute cholecystitis or
persistent biliary colic was made and if patients were fit
for anaesthesia.

Outcome measures included time from presentation to
operation, length of stay, length of operating time, number
of after-hours operations, conversion to open cholecystec-
tomy and surgical complications. The surgical complica-
tions assessed and compared were the incidence of
postoperative infection, bile leak and bile duct injury.

Statistical analysis
Statistical analysis was carried out with SPSS® version 22
(IBM, New York, US). Categorical variables were analysed

with Pearson’s chi-squared test. Continuous variables were
analysed using the Mann–Whitney U test. A p-value of
<0.05 was considered statistically significant.

Results

A total of 412 consecutive public patients were admitted
with acute gallbladder symptoms (acute cholecystitis or
persistent biliary colic) through our emergency department
over the 2-year study period. There was equal distribution
of patients for the pre-ASU and ASU groups. The mean age
was 53.1 years (range: 18–101 years) in the pre-ASU cohort
and 54.5 years (range: 16–95 years) in the ASU cohort. The
patients were predominantly female in both groups (about
60% of the study population). Table 1 shows the patient
demographics.

Twenty-six patients (6%) were excluded from the study
as they were treated conservatively. There was an overall
higher mean age of patients in this subgroup (62.4 years
and 75.3 years in the pre-ASU and ASU groups respec-
tively) than in the study population. The main reason for
conservative management was anaesthetic risk secondary
to co-morbidity. One patient was excluded in her third tri-
mester of pregnancy and two patients refused surgery. In
addition, 44 patients (11%) were excluded from the study
as they presented with gallstone pancreatitis. Figure 1
illustrates the distribution of the study population and rea-
sons for exclusion.

A combined total of 342 public patients who presented
as an emergency with acute cholecystitis or biliary colic
were managed surgically. Of these, 179 patients (52%)
were in the pre-ASU group and 163 (48%) in the ASU
group. These included 33 (18.5%) with concurrent chole-
docholithiasis out of the 179 patients in the pre-ASU cohort
and 40 (24.5%) out of the 163 patients in the ASU cohort.
The presence of choledocholithiasis was diagnosed with
preoperative imaging or intraoperative cholangiography.
Management of choledocholithiasis included either intrao-
perative transcystic exploration in its various forms or
choledochotomy. Failing that, postoperative endoscopic ret-
rograde cholangiopancreatography was performed. The
median time to operation was significantly reduced in the
ASU group (32.4 vs 25.4 hours, p=0.027).

Table 1 Patient demographics

Demographics Before ASU

(n=206)
After ASU (n=206)

Mean age in yrs 53.1
(range: 18–101)

54.5
(range: 16–95)

Female 124 (60.2%) 132 (64.1%)

Gallstone pancreatitis 16 (7.7%) 28 (13.6%)

Managed conservatively 11 (5.3%)
Mean age: 62.4 yrs

15 (7.3%)
Mean age: 75.3 yrs

ASU = acute surgical unit
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The proportion of operations performed after hours
(6pm – 8am) was significantly reduced in the ASU group
(19.5% vs 2.5%, p<0.001). This equates to a relative risk
reduction of 87.4%. The proportion of procedures com-
menced during daylight hours was up to 97.5% in the ASU
patients, compared with 80.4% in the pre-ASU cohort. Fig-
ure 2 shows the number of operations performed at partic-
ular times of the day.

The median length of stay was also significantly reduced
in the ASU group (4 vs 3 days, p=0.004). The median

operating time as well as the rates of conversion to open
cholecystectomy, wound infection, bile leak and bile duct
injury remained similar over the two-year period. Table 2
summaries these primary outcome measures in patients
with gallbladder presentation in both the pre-ASU and ASU
groups. Table 3 shows the different histopathological diag-
nosis of patients who underwent cholecystectomy.

The ASU group had almost double the number of
patients with gallstone pancreatitis compared with the pre-
ASU group. The mean age of these patients was 53.5 years

Study Population
n = 412

Initial ASU
n = 206

Final ASU
n = 163

Conservatively managed n = 15 
Gallstone pancreatitis n = 28

Final Pre-ASU
n = 179

ASU = acute surgical unit

Conservatively managed n = 11
Gallstone pancreatitis n = 16

Initial Pre-ASU
n = 206
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(range: 20–88 years) in the pre-ASU cohort and 60.5 years
(range: 19–86 years) in the ASU cohort. The median time to
operation was reduced for ASU patients (93.8 vs 52.1 hours,
p<0.001), as was the median operating time (95 vs 75
minutes, p=0.003). The median length of stay was also
reduced in the ASU group (6.5 vs 5 days, p=0.007). There
was no significant difference in the number of operations
performed after hours (6pm – 8am). The rates of conversion
to open cholecystectomy, wound infection, bile leak and bile
duct injury also remained similar over the two-year period
in patients with gallstone pancreatitis. Table 4 summarises
the outcome measures in this subset of patients.

Discussion

Introduction of the ASU at our institution has resulted in
several improvements in outcomes for patients who were

admitted and underwent early cholecystectomy for acute
cholecystitis or biliary colic. There was a significantly
shorter time to operation, a reduction in the number of
procedures performed after hours and a decreased length
of stay in the ASU group. In addition, our study did not find
any statistically significant difference in the rates of con-
version to open cholecystectomy. Furthermore, there was
no significant difference in the rates of postoperative infec-
tion, bile leak or bile duct injury.

The implementation of the ASU saw a significant seven-
hour decrease in the median time to operation for patients
with acute gallbladder presentation. The dedicated ASU
team and the availability of the ASU afternoon theatre six
days a week resulted in a more targeted and efficient
approach to the acute gallbladder, and is a plausible rea-
son for the improvement. The shorter time to cholecystec-
tomy may contribute to the reduced length of stay and the
continually low postoperative complication rate, coinciding
with findings from the literature. Since the ASU was estab-
lished, the median length of stay has decreased from four
days to three.

Having a dedicated consultant-led team could have led
to improvements in the clinical decision making and there-
fore also the flow of patient care. Patients can be assessed
and managed throughout the day with better continuity of
care. These findings were significant even in the more var-
ied demographic of cholecystitis patients when compared
with our previous study on appendicitis patients.11

Our current study’s most significant result was the
reduction in procedures performed after hours (6am –

8am). The ASU saw an 87% reduction in the number of
procedures performed after hours compared with the pre-
ASU group. Once again, the dedicated ASU theatre and the
onsite availability of a consultant were the likely cause of
this decrease. The rostered surgeon removed the need for
an on-call consultant to return to the hospital to operate

Table 2 Outcome measures in patients with acute gallbladder presentation

Outcome measures Before ASU (n=179) After ASU (n=163) p-value

Median time to operation in hrs 32.4 (IQR: 18.6–55.7) 25.2 (IQR: 18.4–40.0) 0.027*

Median operating time in mins 80 (IQR: 60–110) 80 (IQR: 60–100) 0.806*

Median length of stay in days 4 (IQR: 3–6) 3 (IQR: 2–5) 0.004*

Time of operation <0.001 **

8am – 6pm 144 (80.4%) 159 (97.5%)

6pm – midnight 33 (18.4%) 4 (2.5%)

Midnight – 8am 2 (1.1%) 0 (0%)

Conversion to open procedure 6 (3.4%) 10 (6.1%) 0.224**

Bile leak 0 (0%) 2 (1.2%) 0.711**

Bile duct injury 0 (0%) 1 (0.6%) 0.588**

Wound infection 4 (2.2%) 7 (4.3%) 0.596**

ASU = acute surgical unit; IQR = interquartile range
*Mann–Whitney U test; **Pearson’s chi-squared test

Table 3 Histopathology diagnosis for both patient groups

Histopathology Before ASU

(n=179)
After ASU

(n=163)

Acute cholecystitis 27 (15.1%) 9 (5.5%)

Acute-on-chronic cholecystitis 46 (25.7%) 39 (23.9%)

Adenocarcinoma of gallbladder 0 (0%) 2 (1.2%)

Chronic cholecystitis 88 (49.2%) 98 (60.1%)

Cholelithiasis 1 (0.56%) 2 (1.2%)

Eosinophilic cholecystitis 0 (0%) 2 (1.2%)

Gangrenous cholecystitis 16 (8.9%) 11 (6.7%)

No record available 1 (0.6%) 0 (0%)

ASU = acute surgical unit
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after hours. Furthermore, the dedicated ASU theatre helped
to ensure theatre availability. This has reinforced our pre-
vious findings on appendicectomy patients, namely that the
ASU model significantly reduces the number of operations
performed after hours.11

Our institution’s general low postoperative infection rate
is possibly due to the low number of conversions to open
cholecystectomy, which is a known risk for surgical site
infection. With no significant difference in the number of
conversions to open cholecystectomy, there was also no
significant difference in the postoperative infection rates
between the pre-ASU and ASU groups. The relatively short
overall time to operation may have contributed to the low
complication rate. This highlights the need for prompt
treatment of patients who present with persistent biliary
colic and clinical cholecystitis even though they may not
have imaging evidence of cholecystitis. This probably cor-
relates with the higher preponderance of acute-on-chronic
cholecystitis and chronic cholecystitis in our histopathology
findings (Table 3).

Patients with gallstone pancreatitis were analysed as a
different subset of patients. They are expected to have a
longer length of stay. This is to ensure resolution of pan-
creatitis but also allows adequate biliary tract imaging to
be performed prior to cholecystectomy. We generally per-
form cholecystectomy during the index admission to pre-
vent the possibility of recurrence of symptoms and re-
presentation while awaiting elective cholecystectomy. In
our study, the small sample population of patients with
gallstone pancreatitis limits the statistical significance.

This study is also limited by its retrospective nature.
Long-term prospective analysis is underway of the impact
of the ASU on the management of gallstones in general
and its effect on the rate of elective cholecystectomies. A
longer period of review of the ASU may also be beneficial

to reveal any further avenues for optimisation of the serv-
ice. Further in-depth study is also needed to determine
whether the ASU model has any significant impact on hos-
pital cost savings.

Conclusions

In the setting of acute gallbladder presentation, this study
has found that the ASM is a more effective model of care,
with significant improvement in objective measures with-
out exacerbating surgical complications.
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