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ABSTRACT
Objective: Gallbladder pathology represents a significant proportion of general surgical 
workload. Pressures of theatre access, bed availability, and an elderly, co-morbid 
population may be alleviated by an Acute General Surgical Unit (ASU) model. The impact 
on elective cholecystectomy workload is unknown. 
Methods: A retrospective audit was performed between February 2012 and February 
2014 on 1289 patients undergoing emergency or elective cholecystectomy at a single 
institution, a year either side of an ASU introduction in February 2013.
Results: 642 patients that underwent cholecystectomy in the 12 months prior to ASU 
implementation were compared with 647 patient’s post-ASU. Demographic data was 
comparable in both groups. Comparing pre-ASU to post-ASU, in-hours cases increased 
(82.9% vs. 86.6%, p<0.001) with more consultant involvement (29.9% vs. 39.9%, p<0.001). 
Wait times improved for emergency cases (<2 days 42% vs. 58%, p=0.050). Interestingly, 
elective wait times also improved (<90 days 23% vs. 42%, p<0.001). Patients presented 
to emergency prior to cholecystectomy more frequently pre-ASU (31.6% vs. 27.2%, 
p=0.033). Post-ASU, higher acuity patients were seen, with an increase in suspected 
acute cholecystitis (25.5% vs. 34.8%, p<0.001), and more common bile duct stones were 
found (6.4% vs. 9.1%, p=0.064). There was no significant difference in morbidity post-
ASU (13.4% vs. 18.4%, p=0.17).
Conclusion: The ASU model has contributed to improvements including theatre access, 
increased consultant involvement and also coincided with higher patient acuity. 
Interestingly, improved efficiency in emergency cholecystectomy has improved wait 
times for elective cholecystectomy.

ARTICLE HISTORY 
Received: 08-Sep-
2022, Manuscript No. 
EJMACES-22-74126; Editor 
assigned: 12-Sep-2022, PreQC 
No. EJMACES-22-74126 (PQ); 
Reviewed: 28-Sep-2022, QC No. 
EJMACES-22-74126; Revised: 
04-Oct-2022, Manuscript No. 
EJMACES-22-74126 (R); Published: 
11-Oct-2022
KEYWORDS 
Acute surgical unit; Elective 
surgery; Cholecystectomy; 
Gallstones

Introduction
The Acute Surgical Unit (ASU) model, a model for care 
of emergency surgical care, is now commonly used 
throughout Australia and New Zealand [1]. It was ini-
tially implemented in Australia in 2005 at Prince of 
Wales Hospital and modified in 2006 at Nepean Hos-
pital [1]. With the traditional method of care, surgeons 
are on-call for the hospital but often have competing 
obligations and are not always onsite. Emergency sur-
gery is completed as and when possible, often after 
elective work is completed, and primarily occurring 
after hours (1-3). The ASU model addressed many of 
these issues with the main principles being: a) ASU 
is a consultant led unit, with one consultant being 
on-call for the unit for 24 hours with no competing 

obligations and ready availability; b) the unit runs 
independently of elective general surgical units with 
its own 24-hour staff; and c) there is a dedicated ASU 
operating theatre.
The benefits of an ASU model are well documented 
for non-trauma patients presenting with common 
acute general surgical conditions, with reduced con-
version rates and better outcomes [1].  There are also 
improvements in efficiency with increased in-hours 
operating, reduction in time from emergency to the-
atre with improvements in patient flow and better 
training opportunities for surgical trainees [2-7]. Ad-
ditionally, there are economic benefits in having an 
ASU [2,8]. This model has been shown to be effective 
in common acute surgical presentations including 
appendicitis and small bowel obstruction [9]. It has 
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also been demonstrated to improve several parame-
ters including effective use of scarce theatre time es-
pecially during daylight hours, shorter hospital stays 
and more efficient use of limited hospital resources 
[2,10-12].
There is only a small body of literature that exam-
ines operative management of gallstone disease in 
the setting of an Australian ASU, with most of the ad-
vancements found to be improved service delivery in 
terms of faster time to theatre, more judicious use of 
investigations, faster discharge times and more in-
hours operating [5,6,12-14]. There does not appear 
to be much, if any, decrease in operative morbidity 
with the only gains appearing to be economic, as well 
as patient and staff satisfaction5. The published im-
provements relate to emergency patients within the 
ASU only, and with resource re-allocation directed to 
the ASU, it seems pertinent to also examine the effects 
of areas where resources were taken from. There is 
limited available literature in this area, with any po-
tential advantages or disadvantages to elective or 
non-general surgery units largely unknown.
The aim of this project was to assess outcomes for 
both emergency and elective patients with gallstone 
disease following the introduction of an ASU model.

Methodology
A retrospective audit was performed on all chole-
cystectomies performed between February 2012 
and February 2014 (the 12 months before and after 
the introduction of an ASU model) at a single insti-
tution, Northern Health, Melbourne, Australia. Data 
was gathered and tabulated from electronic medical 
records. Patients who had a cholecystectomy as part 
of another operation (e.g. liver resection or pancreati-
coduodenectomy) were excluded. Data for both elec-
tive and emergency presentations was collected. De-
mographic data, time to theatre, operative details as 
well as outcomes including morbidity, mortality were 
analysed. The Clavien-Dindo classification was used 
to classify the complications [15,16].
The Northern Health ASU is a stand-alone unit with 
dedicated 24-hour staff that includes consultants and 
fellows who are on call for 24 hours from 1830, pres-
ent on site from 0730 to 1830, and have no compet-
ing obligations. The ASU is responsible for the care of 
acute general surgical patients referred from emer-
gency, other medical disciplines and surgical units. 
For the period of the study, the unit was staffed by one 
accredited surgical trainee, four unaccredited surgi-
cal trainees, a resident and four interns who shared a 
rotating roster with staggered start times. Overnight 

there was one unaccredited surgical trainee on-site, 
with the fellow and consultant available as required. 
Handover was conducted twice daily with the consul-
tant, fellow and other rostered staff present at 0730 
and again at 1830 when the new consultant and fel-
low took over on call duties. The handovers were con-
ducted free of distractions in a dedicated ASU office. 
Following the morning handover, a consultant-led 
round was conducted. There was a daily protected 
ASU operating list during business hours either all-
day or half day depending on a rotating timetable. 
Most of this operating time was requisitioned from 
general surgery elective lists or emergency lists. After 
hours and on weekends, ASU shared a 24-hour emer-
gency operating list with other specialities.
Descriptive statistics were prepared to test for dif-
ferences between the pre and post ASU periods.  Stu-
dent’s t-tests or Mann-Whitney (ranksum) tests were 
used to test for differences in normally and non-nor-
mally distributed variables respectively.  Non-nor-
mally distributed variables were presented as median 
and Inter-Quartile Range (IQR), while chi-squared or 
Fisher’s exact tests were applied for categorical vari-
ables.  Stata v15.1 (StataCorp, College Station, Tex-
as, USA) was used for the statistical analysis, with a 
two-sided p-value of less than 0.05 indicating statisti-
cal significance.
This study was approved by the Northern Health Eth-
ics and Governance Office (ALR 04.2017).

Results
642 patients underwent cholecystectomy in the 12 
month period prior to the implementation of the ASU 
(pre-ASU) and 647 in the 12 months following imple-
mentation (post-ASU). Patient demographics were 
comparable between the two groups with respect to 
age and gender (Table 1).  There was a significant re-
duction post-ASU in number of presentations prior to 
definitive management, particularly in the patients re-
quiring emergency cholecystectomy with an approxi-
mately 25% reduction in the number of patients pre-
senting multiple times (29.1% vs. 22.0%, p=0.042). 
Access to imaging was assessed and compared in both 
periods, with ultrasound used in more than 90% of 
cases and with a small but significant overall increase 
in the post-ASU period (90.7% vs. 93.8%, p=0.037) 
(Table 1). Small increases in the use of MRI (5.3% to 
7.3%) and CT (10.9% to 15.1%) were also noted, al-
though only CT use confined to the emergency group 
was significantly increased. The number of patients 
with suspected cholecystitis increased significantly in 
the post-ASU period with a commensurate decrease 
in those with biliary colic.
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Table 1. Demographic details, Indication for operation, emergency presentation details and use of imaging modalities for 
the pre-ASU and post-ASU periods, n (%) unless otherwise indicated.

All Patients Elective Patients Emergency Patients

Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value

N 642 647 357 340 285 307

Age at admission 
(years), median (IQR)

44 (34-
60)

45 (34-
58)

0.94 45 (35-
58)

44 (33-
55)

0.44 43 (32-
61)

45 (34-
61)

0.38

Gender - male 180 
(28.0)

205 
(31.7)

0.16 87 
(24.4)

91 (26.8) 0.49 93 
(32.6)

114 
(37.1)

0.26

Number of ED Presen-
tations prior to index 
admission

0.03 0.81 0.02

0 439 
(68.4)

471 
(72.8)

238 
(66.7)

232 
(68.2)

201 
(70.5)

239 
(77.9)

1 144 
(22.4)

139 
(21.5)

90 
(25.2)

84 (24.7) 54 
(18.9)

55 (17.9)

2 40 (6.2) 32 (4.9) 22 (6.2) 21 (6.2) 18 (6.3) 11 (3.6)

3 9 (1.4) 3 (0.5) 3 (0.8) 2 (0.6) 6 (2.1) 1 (0.3)

4+ 10 (1.6) 2 (0.3) 4 (1.1) 1 (0.3) 6 (2.1) 1 (0.3)

Length of Stay, median 
(IQR)

1 (1-4) 1 (1-3) 0.88 1 (1, 1) 1 (1, 1) 0.65 4 (2, 5) 3 (2, 5) 0.13

Reason for Operation <0.001 0.2 <0.001

Biliary colic 375 
(58.4)

320 
(49.5)

311 
(87.1)

284 
(83.5)

64 
(22.5)

36 (11.7)

Suspected Cholecys-
titis

164 
(25.5)

225 
(34.8)

16 (4.5) 11 (3.2) 148 
(51.9)

214 
(69.7)

Pancreatitis 49 (7.6) 41 (6.3) 11 (3.1) 18 (5.3) 38 
(13.3)

23 (7.5)

Acalculous Cholecys-
titis

10 (1.6) 8 (1.2) 3 (0.8) 1 (0.3) 7 (2.5) 7 (2.3)

Polyps/Suspected 
Cancer

13 (2.0) 24 (3.7) 12 (3.4) 22 (6.5) 1 (0.4) 2 (0.7)

Suspected CBD stone/
cholangitis

25 (3.9) 29 (4.5) 3 (0.8) 4 (1.2) 22 (7.8) 25 (8.1)

Other 6 (0.9) 0 (0.0) 1 (0.3) 0 5 (1.8) 0

Time of Emergency 
Presentation

0.12

8:00 to 17:00 104 
(36.5)

132 
(43.0)
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17:00 to 22:00 59 
(20.7)

64 (20.8)

22:00 to 8:00 106 
(37.2)

90 (29.3)

Time not recorded 16 (5.6) 21 (6.8)

Pre-Operative imaging 
modality

Ultrasound 582 
(90.7)

607 
(93.8)

0.04 324 
(90.8)

320 
(94.1)

0.12 258 
(90.5)

287 
(93.5)

0.22

CT 70 
(10.9)

98 (15.1) 0.03 34 (9.5) 41 (12.1) 0.33 36 
(12.6)

57 (18.6) 0.06

MRI/MRCP 34 (5.3) 47 7.3) 0.17 14 (3.9) 19 (5.6) 0.37 20 (7.0) 28 (9.1) 0.37

Times between diag-
nostic imaging and 
proceeding to theatre 
for emergency gall-
stone disease patients, 
Median (IQR)

2.48 
(1.46-
4.38)

1.69 
(1.46-
3.52)

0.01

Note: ASU: Acute Surgical Unit; IQR: Inter Quartile Ratio; ED: Emergency Department; CBD: Common Bile 
Duct; CT: Computed Topography; MR: Magnetic Resonance Imaging; MRCP: Magnetic Resonance Cholangioc 
Pancreatography

injuries increased from 0.0% pre-ASU to 0.6% post-
ASU but this was not statistically significant.
The effect of the introduction of the ASU on outpa-
tient/elective management of gallstone disease was 
explored. There was a reduction in time for referrals 
to be seen in outpatients in the post-ASU period, re-
gardless of referral source. In the pre-ASU period 31% 
of patients were seen within 6 weeks of referral com-
pared to 44% post-ASU (p=0.001) (Figure 2A). Prior 
to ASU, 76% of patients were waiting over 90 days af-
ter being placed on the waiting list which decreased 
significantly post-ASU with patients almost twice as 
likely to have their procedures within 90 days (42% 
vs. 24%, p<0.001) (Figure 2B).
When the two periods were compared, there was no 
statistical difference in complication rate between 
groups, or with the emergency or elective subgroups 
(Table 3).

Discussion
Acute cholecystitis is a common general surgical prob-
lem. Internationally, it is accepted that the gold stan-
dard of care for acute cholecystitis and symptomatic 
gallstone disease is operative management as soon as 

For patients who presented with gallstone disease 
through the emergency department there was an ap-
preciable decrease in times between diagnostic imag-
ing and proceeding to theatre when the two periods 
were compared (2.48 vs. 1.69 days, p=0.012) (Table 
1). When using 2 days as a relevant clinical cut off for 
waiting for an emergency operation, 42% in the pre-
ASU period waited less than 2 days to undergo cho-
lecystectomy, compared with 58% of patients in the 
post-ASU period (Figure 1).
In the post-ASU period, there was an overall increase 
in the number of emergency operations being per-
formed during business hours and a compensatory 
reduction in the number of operationss being per-
formed after hours (Table 2). Operating time was 
slightly prolonged post-ASU compared to pre-ASU (85 
minutes vs. 75 minutes, p<0.001). In the elective set-
ting, the use of Intra Operative Cholangiography (IOC) 
increased from 83.2% to 91.2% (p=0.002), as well as 
the use of drains (23.4% to 41.3%, p<0.001), with 
a small increase in Common Bile Duct Exploration 
(CBDE) (1.1% to 3.5%) although this was not statisti-
cally significant. In the emergency setting, the use of 
drains also increased from 48.6% to 59.7% (p=0.007), 
while the use of IOC and CBDE was similar. Bile duct 
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Figure 1. Days to surgery for emergency patients in the pre- and post- ASU periods.

Table 2. Operative details of patients undergoing cholecystectomy in the pre-and post-ASU periods, n (%) unless other-
wise indicated.

All Patients
Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value

N 642 647 357 340 285 307
Time of 
Operation

<0.001 0.26 <0.001

8:00 to 
17:00

527 
(82.9)

559 (86.8) 351 
(98.3)

329 (96.8) 176 
(63.1)

230 (75.7)

17:00 to 
22:00

64 (10.1) 29 (4.5) 0 1 (0.3) 64 (22.9) 28 (9.2)

22:00 to 
8:00

45 (7.1) 56 (8.7) 6 (1.7) 10 (2.9) 39 (14.0) 46 (15.1)

Operating 
Time (min), 
median 
(IQR)

75 (60-
97)

85 (69-
110)

<0.001 71 (60-
89)

76 (65-95) <0.001 85 (60-
115)

93 (70-
121)

0.013

ASA 0.22 0.26 0.54
0 0 (0.0) 1 (0.3) 0 1 (0.5) 0 0
1 145 

(35.5)
116 (30.6) 91 (42.5) 67 (34.9) 54 (27.7) 49 (26.2)

2 200 
(48.9)

193 (50.9) 100 
(46.7)

96 (50.0) 100 
(51.3)

97 (51.9)

3 54 (13.2) 64 (16.9) 23 (10.7) 28 (14.6) 31 (15.9) 36 (19.3)
4 10 (2.4) 5 (1.3) 0 0 10 (5.1) 5 (2.7)
Operative 
Technique
Access 0.3 0.099 0.89

Elective Patients Emergency Patients

Figure 1. Days to surgery for emergency patients in the pre- and post- ASU periods. 
Note: ( ) <= 30 days; ( ) 31-90 days; ( ) 91-365 days; ( ) > 365 days.
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Laparo-
scopic

632 
(98.4)

629 (97.2) 356 
(99.7)

334 (98.2) 276 
(96.8)

295 (96.1)

Open 4 (0.6) 6 (0.9%) 1 (0.3) 2 (0.6) 3 (1.1) 4 (1.3)
Laparo-
scopic 
converted 
to Open

6 (0.9) 12 (1.9%) 0 4 (1.2) 6 (2.1) 8 (2.6)

IOC 541 
(84.3)

572 (88.4) 0.03 297 
(83.2)

310 (91.2) 0.002 244 
(85.6)

262 (85.3) 0.93

CBDE 41 (6.4) 59 (9.1) 0.064 4 (1.1) 12 (3.5) 0.034 37 (13.0) 47 (15.4) 0.4
Drain 221 

(34.6)
322 (50.0) <0.001 83 (23.4) 140 (41.3) <0.001 138 

(48.6)
182 (59.7) 0.007

Note: ASU: Acute Surgical Unit; IQR: Inter Quartile Ratio; ASA: American Society of Anaesthesiologists; IOC: 
Intra-Operative Cholangiography; CBDE: Common Bile Duct Exploration.

A

B
Figure 2. Time from referral to outpatient review (A) Time from outpatient review to theatre;  Note: ( ) <= 1day; ( ) 1-2 days; (
) 2-4 days; ( ) 4+ days, (B) for elective patients undergoing cholecystectomy in the pre- and post-ASU periods. Note: ( ) <= 2 wks; 
( ) 2-6 wks; ( ) 6-12 wks; ( ) >12 wks.
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Table 3. Operative and Non-Operative Complications in the pre-and post-ASU periods, n(%) unless otherwise indicated.

All Patients Elective Patients Emergency Patients

Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value Pre-ASU Post-ASU p value

N 642 647 357 340 285 307

Complication 
Status

0.29 0.52 0.43

No complication 578 
(90.0)

575 
(88.9)

327 
(91.6)

305 
(89.7)

251 
(88.1)

270 
(87.9)

Clavien-Dindo 
1 or 2

52 (8.1) 51 (7.9) 26 (7.3) 28 (8.2) 26 (9.1) 23 (7.5)

Clavien-Dindo 
3 or 4

12 (1.9) 21 (3.3) 4 (1.1) 7 (2.1) 8 (2.8) 14 (4.6)

Specific compli-
cations:

Bile Leak 5 (0.8%) 8 (1.2%) 0.58 3 (0.8) 4 (1.2) 0.72 2 (0.7) 4 (1.3) 0.69

Bleeding 7 (1.1) 5 (0.8) 0.58 2 (0.6) 3 (0.9) 0.68 5 (1.8) 2 (0.7) 0.27

Stricture 0 (0.0) 2 (0.3) 0.5 0 1 (0.3) 0.49 0 1 (0.3) 1

Re-operation/
Bile Duct Injury

8 (1.2) 14 (2.2) 0.28 4 (1.1) 5 (1.5) 0.75 4 (1.4) 9 (2.9) 0.27

Note: ASU: Acute Surgical Unit

study despite the volume of patients and use of im-
aging modalities being relatively unaltered between 
the two periods. In previous studies, easier access to 
timely radiology has been an important determinant 
in increased access to theatre [23]. Shakerian, et al., 
showed that there was reduction in use of multiple 
imaging modalities with the ASU model, although our 
data suggests, if anything, an increase in the use of ra-
diology [13].
Currently, there is a paucity of data regarding how 
the institution of the ASU model affects elective sur-
gery. Anantha, et al., found that after introduction of 
an ASU model, elective general surgery cases declined 
by 6.1%, but this had no statistical significance [24]. 
One could assume that by increasing resources in es-
tablishing one unit (ASU), that there would be a de-
crease in resources including theatre availability for 
other elective units; however this has not been suffi-
ciently investigated. In the current study, the ASU has 
had a positive effect on the management of elective 
cholecystectomy patients. Patients were seen earlier 
in outpatient clinics with a higher number of patients 
seen within 2 weeks of referral and a larger propor-
tion of patients having their cholecystectomies within 
90 days. It is possible that the decrease in waiting time 

is practicable [17-20]. System changes such as an ASU 
model have been developed to improve adherence to 
these guidelines.
Outcomes following cholecystectomy have been re-
viewed in the setting of an ASU with benefits includ-
ing faster times to operation and median hospital stay 
reduced, although post-operative complications do 
not appear to be as significantly improved [2,8,9,12-
14,19,21]. This study of emergency cholecystectomy 
patients is one of the largest Australian series pub-
lished to date and the results support these previous 
results. The major improvements appear to be related 
to the important area of patient flow, while the the-
oretical advantages of a reduction in complication 
rates are not statistically realised. Similar to some 
studies, this study has also shown that with an ASU 
model there is increased in-hours operating, with 
some evidence that this improves surgeons’ satisfac-
tion [11,21,22]. Lower conversion rates and less re-
admissions may also lead to reduced hospital costs, 
although to our knowledge a proper economic anal-
ysis in Australian conditions has not been published 
[6,12,23]. 
Time to theatre following radiological diagnosis was 
also shorter (2.48 days vs. 1.69 days, p=0.012) in this 
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increase in co-morbid patients reflected by a greater 
proportion of patients having a higher ASA score, as 
well as more advanced pathology with a higher per-
centage of patients having acute cholecystitis rather 
than biliary colic. The increase in drain use may also 
reflect conservatism in surgeons who think post-op-
erative complications are more likely in increased 
severity patients. A prospective study would be re-
quired to confirm these findings. This difference in 
patients in the post-ASU cohort may also explain the 
increase in operation time between the two groups. 
This probably reflects the success of the ASU in terms 
of treating sicker cholecystitis patients operatively, 
rather than non-operatively. However further studies 
looking at non-operative patients would be required 
to confirm this.

Conclusion
An ASU can lead to significant improvements in access 
to theatre in both elective and emergency patients 
with reduction in wait times for radiology, theatre, 
and a decreased length of stay. There is no statistical 
improvement in complication rate although this may 
be mitigated by the fact that ASU allows more timely 
access to theatre for more acute and sicker patients. 
There may be unforeseen improvements in access for 
elective patients and decreased pre-operative emer-
gency presentations, thus improving efficiency across 
the health system.
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to be seen in outpatients was due to increased out-
patient appointment availability, possibly explained 
by a reduction in patients referred to clinic for book-
ing a delayed cholecystectomy after initial conserva-
tive management for acute cholecystitis. This study 
showed an increase in patients with acute cholecys-
titis as the operative indication post-ASU which could 
support this explanation, with more acute patients 
being operated on at initial presentation. 
There is some evidence that a reduction in patients 
waiting for elective cholecystectomies after the in-
troduction of an ASU model may relate to a reduction 
in the identification of new urgent elective cholecys-
tectomies identified in clinic rather than previously 
identified patients awaiting delayed cholecystectomy 
[23]. In the current study, re-presentations to emer-
gency also decreased post-ASU, supporting the notion 
that patient’s post-ASU are being treated at first pre-
sentation to the emergency department rather than 
being referred on to clinic with the danger of repeated 
attacks leading to further presentations.
Prior to ASUs, many units had adopted models where-
by there was flexible space at the end of elective lists 
to add emergency patients. Theatre efficiency for 
emergency patients is known to be reduced when 
compared to elective patients, so it is possible that 
by quarantining emergency cases in their own list 
the result is an increased efficiency in elective lists 
[25]. Further studies will be required to ascertain the 
mechanisms in order to replicate the positive effects 
in other health systems. 
There are further benefits to the health system in pro-
viding efficient care at first presentation. This study 
has shown a reduction in multiple presentations 
to emergency prior to emergency surgery (29.1% 
vs. 22.0%, p=0.048). If these findings are replicated 
across multiple pathologies, this would represent a 
significant decrease in volume for already stretched 
emergency departments. This has a flow on effect, 
reducing pathology and radiology requests, and a de-
crease in bed requirements. We have not, nor are we 
are aware of others, calculated length of stay including 
prior presentations for biliary symptoms; however 
this may be useful in justifying an ASU economically.
One of the theoretical benefits of an ASU is that there 
will be a decrease in complications with more timely 
surgical treatment of pathology, and there have been 
trends to this effect in other studies [4]. Similar rates 
of complications were observed in this study follow-
ing the introduction of ASU, with no statistically sig-
nificant differences observed.  The non-significant 
increase in emergency patients with Clavien-Dindo 
Grade III and IV complications may be a result of an 
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