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Abstract
Introduction The traditional 24-h call model faces pressure from competing needs between emergency and elective services. 
Recognizing this, a dedicated ESAT service was developed in Khoo Teck Puat Hospital in Singapore, with improved clinical 
outcomes. It was initially led by a single consultant (SC) in 2014, and subsequently evolved to a weekly consultant rotation 
(WC) roster in 2017 to achieve sustainability.
Methods Each consultant led the ESAT WC service for a week and maintained ownership of their patients thereafter. All 
emergency surgical admissions between two distinct 6-month periods were reviewed, from May to October 2014 (pre-ESAT) 
and January to June 2017 (ESAT WC). Patient demographics, diagnoses, and operations were compared. Efficiency and 
clinical outcomes were evaluated.
Results There were 1248 and 1284 patients in the pre-ESAT and ESAT WC group, respectively. Majority were males and 
in their 50s. Acute appendicitis, gallstone conditions, and soft-tissue infections made up half of the admissions. Trauma 
workload was comparable (7.8% pre-ESAT vs 9.5% ESAT WC). Cholecystectomies doubled during the ESAT period, 14.2% 
vs 7.2%, (p = 0.01). More consultants were involved in major cases (95.9% vs 86%), (p = 0.01) and more operations were 
performed during the day (52.1% vs 47.9%), (p = 0.01). Average time to OT was shorter and there were less major surgical 
complications (p = 0.02). Mortality (p = 0.08) and length of stay were reduced (4 vs 4.5 days), (p = 0.01).
Conclusion The ESAT WC service has sustained improved outcomes in our institution.

Keywords Acute care surgery · Emergency surgery · Efficiency in surgery · Cost savings · Emergency Surgery and Trauma 
Surgery

Introduction

Acute care surgery (ACS) as a distinct subspecialty within 
general surgical practice has been in existence for over a 
decade. Despite being widely accepted in many centers 
over the world, the delivery of care is variable depending 
on the hospital’s resources and need of local population [1]. 
Acute surgical care encompasses three segments, namely, 
trauma care, surgical critical care, and emergency gen-
eral surgery. The American Association for the Surgery of 
Trauma defined an emergency general surgery patient as one 

requiring emergency surgical evaluation for diseases within 
the realm of general surgery [2].

The creation of ACS services aims to ensure that these 
groups of patients receive dedicated care while enabling 
other subspecialties to focus on their elective work. The 
ACS services have demonstrated decreased time to surgical 
intervention for common emergency surgery and improved 
physician satisfaction and clinical productivity [3–6].

In Singapore, Khoo Teck Puat Hospital (KTPH) has 
developed the first consultant-led dedicated Emergency Sur-
gery and Trauma (ESAT) unit. The ESAT unit is adopted 
from Acute Care Surgery model to ensure efficient, coordi-
nated and accessible care for emergency surgical, trauma, 
and acute care patients [7].

Prior to the advent of ESAT service, acute general surgery 
admissions followed a typical 24-h call model, where each 
consultant on call evaluated and provided operative manage-
ment if required for all emergency admissions and inpatient 
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consults. This is in addition to the daily elective workload 
comprising of outpatient clinics, elective endoscopies, and 
operating theatres.

This traditional model of care hence faces a myriad of 
pressures arising from the need to juggle competing needs 
between elective and emergency services. These pressures 
include timely review of emergency and trauma patients, 
availability of consultant on call in critical scenarios and 
appropriate supervision of junior staff. Coupled with general 
surgical emergency workload increasingly is being neglected 
due to trend towards subspecialisation, these pose concerns 
regarding patients’ outcomes and providers’ satisfaction [7].

Recognizing these pressures, the concept of a dedicated 
team providing ESAT service was developed with aims to 
improve quality of care in face of the constant demand of 
unpredictable and complex emergency and trauma care [8].

The structure of an ESAT service was previously 
described in Singapore Medical Journal [9]. Our ESAT ser-
vice functions with this structure and has showed improved 
outcomes in 2014 when led by a single consultant. In 2017, 
our ESAT service evolved to include more consultants while 
preserving its underlying principles. The adaptation of deliv-
ery of ESAT service was in response to changing demands 
of our department’s manpower. In 2014, a single consultant 
trained in acute care surgery established and ran the ESAT 
unit. A year after the implementation of the ESAT service, 
it has led to improvement in efficiency of workflow, super-
vision rates, and patients’ outcomes [10]. Promising, as it 
may seem, the challenge of the service then face is to sustain 
these improvements.

In January 2017, the ESAT team evolved to a weekly 
consultant rotation (WC) roster instead of a single-con-
sultant-led (SC) team while preserving the fundamental 

characteristics of the ESAT service (Table 1). In ESAT SC, a 
single consultant runs the ESAT service daily during week-
days from 7:30 am through 4:00 pm. Acute care surgery 
needs that occurs after 4:00 pm and on weekends will be 
managed by a scheduled consultant from the remaining pool 
of surgeons in the department. In the WC roster, consultants 
are scheduled in turns to run the service for a week each, 
fulfilling the same requirements during weekdays. During 
their week of involvement, they are given dedicated time 
away from other regular commitments in their subspecialty. 
Each consultant maintains ownership of their patients even 
after their scheduled week in ESAT is over. The ESAT ser-
vice will then begin each working week anew, with the next 
consultant. This ensures comparable patient ownership and 
continuity of care in both models.

Aim

The objective of this study is to compare the efficiency and 
clinical outcomes before the introduction of ESAT service 
and after the implementation of the ESAT weekly consult-
ant rotation (WC) roster. Our hypothesis is that the current 
ESAT WC roster has improved outcomes and hence achieved 
sustainability after 3 years since its establishment.

Materials and methods

Hospital ethical approval was obtained from the National 
Healthcare Group (NHG) prior to conduct of the study. A 
review of all emergency general surgical admissions in 
KTPH during two distinct 6-month time periods was made, 

Table 1  Comparison of team structures between pre-ESAT, ESAT SC, and ESAT WC periods

Factors Pre-ESAT (typical GS roster) ESAT SC (Dec 2014–Dec 2016) ESAT WC (Jan 2017–Jan 2017)

Working hours (admis-
sions and ward based 
referrals)

7.30 am–7.30 am the next day 7.30 am–4 pm 7.30 am–4 pm

Consultant Single consultant Single consultant Single consultant (one out of 6 
associated consultants com-
mitted to acute care surgery)

Senior resident 1 1 1
Junior resident 1 1 1
Medical officers 2 2 2
House officers 1 3 3
After hours and weekend 

on call schedule
Rostered consultant Rostered consultant Rostered consultant

Team rounds/handovers Rounds 7.30 am Rounds 7.30 am
2 pm consultant-led rounds
7.30 am next day—on call team handover new 

admissions after 4 pm from previous day

Rounds 7.30 am
2 pm consultant-led rounds
7.30 am next day—on call team 

handover new admissions 
after 4 pm from previous day
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from May to October 2014 and January to June 2017. The 
former time period corresponds to the pre-ESAT period, 
while they latter correspond to the first 6 months of ESAT 
WC roster. The annual volume of tier 1 and 2 trauma cases 
defined as injury severity score of above 15 and between 9 
and 15, respectively, was recorded for 2012–2017.

A retrospective review of patient demographics, dis-
charge diagnosis, and operative interventions was per-
formed. Efficiency outcomes such as the number of admis-
sions and operations, time to initial assessment, time to 
surgery, and hospital length of stay (LOS) were collected. 
Priority (P) status of surgeries was recorded and compared 
to waiting time to surgery. Priority (P) status of surgeries 
is used for booking the emergency cases for OT in our 
hospital. P1 refers to operations to be performed within 
60 min (criteria: immediate life-saving operation, e.g., 
trauma laparotomy for exsanguinating abdominal inju-
ries, ruptured aortic aneurysm), P2 within 4 h (criteria: 
operation as soon as possible after resuscitation, e.g., 
laparotomy for perforated viscus), and P3 within 24 h 
(criteria: urgent operation: e.g., appendicitis and incar-
cerated hernia). Clinical outcomes studied included read-
mission, complication, and mortality rates. Readmissions 
were defined by admissions within 30 days of discharge, 
attributed to conditions or complications related to the 
original diagnosis or surgical intervention. Complications 
were reported based on Clavien–Dindo classification and 
obtained from case records. Data regarding the presence of 
consultant in the operative theatres, time of day for which 
the surgery was performed was obtained from operative 
notes. Patients aged 18 and below were excluded, as they 
were transferred to the nearest pediatric hospital as soon 
as their conditions were deemed stable.

Statistics

Patient demographics, efficiency, and clinical outcomes were 
compared between the two time periods, pre- and post-ESAT 
establishment. For categorical variables, counts and percent-
ages were reported, while for continuous variables, median 
and quartiles were reported. Differences were assessed using 
Student’s t test for continuous data and Chi-squared test for 
categorical data. A p value of < 0.05 was considered statisti-
cally significant. Analyses were performed using IBM SPSS, 
Version 22.0.

Results

Major trauma load has increased over the period of 
2012–2017, as shown in Fig. 1 and Table 2. After the 
implementation of the ESAT service, the crude death rate 
has decreased over the corresponding period (Fig. 2). The 
two distinct 6-month cohorts included 2532 patients of 
which 1248 of them were managed prior to establishment 
of the ESAT service. Baseline characteristics for these two 
groups are shown in Table 3. Majority of the patients were 

Fig. 1  Major trauma workload from 2012 to 2017

Table 2  Major trauma workload from 2012 to 2017

ISS injury severity score

Year Number of patients

Tier 1 (ISS > 15) Tier 2 (ISS 9–15) Total

2012 294 428 722
2013 308 527 835
2014 335 535 870
2015 331 678 1009
2016 330 849 1179
2017 357 856 1213

Fig. 2  Crude mortality from trauma during the period of 2012–2017
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in their fifties, and two-thirds were males. No significant 
differences in age or gender distribution were observed. 
There were significantly more patients with colitis, gastri-
tis, gastroenteritis managed in the ESAT period and less 
with non-specific abdominal pain as compared to the pre-
ESAT period. Acute appendicitis, hepatico-pancreatico-
biliary diseases, and soft-tissue infections made up half of 

the admissions. Trauma discharges were comparable, 7.8% 
during the pre-ESAT period vs 9.5% during the ESAT 
period. The most common operations performed include 
incision and drainage, appendicectomies, cholecystecto-
mies, and exploratory laparotomies, as shown in Table 3. 
There was significantly higher number of cholecystecto-
mies performed during the ESAT period, 83 (14.2%) vs 41 

Table 3  Demographics and 
discharge diagnoses

Data are mean (SD) or number of patients (%)
a Other refers to small numbers of patients from a spectrum of disorders grouped together

Variable Pre-ESAT (n = 1248) ESAT (n = 1284) p

Age 50 (19) 51 (19) 0.6
Sex—male:female 786:462 807:477 1.0
Final diagnoses (primary)—n (%)
 Acute appendicitis 192 (15.4) 179 (14.0) 0.3
 Biliary disease/pancreatitis 192 (15.4) 216 (16.8) 0.4
 Diverticular disease 66 (5.2) 80 (6.2) 0.3
 Soft-tissue infection 221 (17.7) 254 (19.8) 0.2
 Trauma 98 (7.8) 122 (9.5) 0.2
 Bowel obstruction 99 (7.9) 83 (6.5) 0.2
 Gastro-intestinal bleed 64 (5.1) 49 (3.8) 0.1
 Gastritis/colitis/gastroenteritis 82 (6.6) 145 (11.3) < 0.01
 Gynaecology diseases 12 (1.0) 17 (1.3) 0.5
 Hernia 22 (1.8) 20 (1.6) 0.8
 Non-specific abdominal pain 108 (8.6) 52 (4.0) < 0.01
 Othera 93 (7.5) 67 (5.2) 0.03

Table 4  Operations and 
emergency endoscopies 
performed

Data are number of patients (%)
*I&D incision and drainage
Other refers to conditions with small numbers that have been grouped together
Minor includes procedures such as examination under anaesthesia for perianal disease, tracheostomy, and 
skin lump excisions or repair of lacerations
Fisher’s exact test was used when the expected count in one or more cells is < 5

Operations Pre-ESAT (n = 568) ESAT (n = 584) p

Appendicectomy 176 (31.0) 167 (28.6) 0.4
*I&D/wound debridement 208 (36.6) 226 (38.7) 0.5
Cholecystectomy 41 (7.2) 83 (14.2) < 0.01
Hernia repair 16 (2.8) 13 (2.2) 0.7
Laparotomy
 Adhesiolysis 8 (1.4) 5 (0.9) 0.5
 Bowel resection 32 (5.6) 27 (4.6) 0.5
 Exploratory and trauma laparotomy 33 (5.8) 21 (3.6) 0.1
 Peptic ulcer 16 (2.8) 12 (2.1) 0.5
 Gastric resection 2 (0.4) 5 (0.9) 0.2
 Other 2 (0.4) 4 (0.7) 0.4

Thoracotomy 1 (0.2) 2 (0.3) 0.5
Minor 33 (5.8) 19 (3.2) 0.05
Emergency endoscopies
 Emergency esophagogastroduodenoscopies 25 35 0.5
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(7.2%). Emergency endoscopies were comparable between 
the two periods (Table 4).

The average time to ED review by the surgical team was 
shorter in the ESAT period, 75 min as compared to 81 min 
in the pre-ESAT period; however, this did not reach statisti-
cal significance (p = 0.09) (Table 5). There was significantly 
greater involvement of consultants in major cases (95.9% 
vs 86%) and higher number of cases performed in the day 
(7.30 am–4 pm) in the ESAT period (52.1% vs 47.9%). Sur-
geries were significantly increased in the daytime include 
appendicectomies, cholecystectomies, and drainage of 
abscesses (p < 0.05) (Table 6). The average time to OT allo-
cation (min) was significantly reduced in the ESAT period. 
The average time was halved for P1 cases − 26 vs 47 min in 
the ESAT period as compared to pre-ESAT, respectively, 
P2–63 vs 98 min and P3–76 vs 225 min (p = 0.001).

Comparing key outcome indicators between the two peri-
ods, there were fewer Clavien–Dindo grade three and four 
surgical complications and lower overall mortality in the 

Table 5  Efficiency outcomes Efficiency outcomes Pre-ESAT (n = 1248) ESAT (n = 1284) p

Case time (min) from booking to OT
 P1 (n = 40) 47 (33.9) 26 (12.1) < 0.01
 P2 (n = 337) 98 (65.5) 63 (27.5) < 0.01
 P3 (n = 715) 225 (304.9) 76 (47.8) < 0.01

Time from ED referral to GS review (min) [n = 1670] 81 (91.1) 75 (49.9) 0.09
Consultant in OT for major cases (%) (n = 317) 86% 95.9% < 0.01
Cases performed at day/night time (%) n = 568 n = 584 < 0.01
 Day (07:30–16:00) 40% 52.1%
 After hours (16:00–07:30) 60% 47.9%

Table 6  Timing of surgeries

Operations Pre-ESAT 
(n = 568)

ESAT 
(n = 584)

p

Day Night Day Night

Appendicectomy 67 109 166 1 < 0.01
*I&D/wound debridement 87 121 123 103 < 0.01
Cholecystectomy 20 21 59 24 0.015
Hernia repair 4 12 2 11 0.44
Laparotomy
 Adhesiolysis 3 5 1 4 0.49
 Bowel resection 10 22 13 14 0.18
 Exploratory and trauma lapa-

rotomy
13 20 9 12 0.81

 Peptic ulcer 3 13 6 6 0.09
 Gastric resection 1 1 5 0 0.29
 Other 0 2 2 2 0.4

Thoracotomy 0 1 1 1 0.67
Minor 17 16 7 12 0.31

Table 7  Clinical outcome data

Data are number (%); mean (SD)
ED emergency department, GS general surgery, OT operating theatre, SGD Singapore dollars, ICU inten-
sive care unit

Clinical outcomes Pre-ESAT (n = 1248) ESAT (n = 1284) p

Overall mortality (n, %) 24 (1.9) 13 (1.0) 0.08
Surgical complications (Clavien–Dindo) grade (n, %)
III–V 11 (1.9) 3 (0.5) 0.02
 HDU (days) 2.5 (2.9)

(n = 90)
2.2 (1.9)
(n = 79)

0.4

 ICU (days) 8.3 (12.7)
(n = 42)

4.7 (4.8)
(n = 57)

0.9

Overall length of stay (days) 4.5 (9.4) 4.0 (4.3) < 0.01
Appendicectomy 2.6 (2.2) 2.4 (1.8) 0.4
Cholecystectomy 5.0 (3.6) 4.1 (2.0) 0.2
Incision and drainage 3.7 (11.5) 1.6 (1.3) 0.01
Readmission rate (%) [within 1 month] 5.2 3.8 (49) 0.1
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ESAT period (Table 7). The length of stay was significantly 
reduced in the ESAT period (4 vs 4.5 days), with shorter 
stays in high dependency and intensive care units. There 
was also a reduction in readmission rates (p = 0.1) in the 
ESAT period.

Discussion

Despite the plethora of evidence on improved outcomes with 
adoption of Acute Care Surgery model of care, recent sur-
veys of University Hospitals in the US revealed that only a 
third had adopted the model [3]. KTPH is the first hospi-
tal in Singapore to adopt the ACS model which is known 
as ESAT unit since 2014. While the initial ESAT SC has 
shown improved efficiency and outcomes [10], its long-term 
sustainability remains a concern over the years. In face of 
ongoing issues of increased acute care workload and need 
for a sustainable pool of acute care surgeons, the ESAT SC 
was modified to the WC roster to achieve sustainability of 
the service.

After establishment of the ESAT WC roster, there is 
improved access to surgical review and treatment as com-
pared to the pre-ESAT period. Coupled with higher con-
sultant supervision rates, patient safety outcomes such as 
complication rates and mortality have reduced. There was 
also reduction in hospital length of stay. Despite increasing 
trauma workload over the years, we also observed reduction 
in crude mortality from trauma.

We attribute the achievement of these outcomes to four 
main reasons:

1. Improved resource allocation and productivity after 
separating elective and emergency work streams.

2. Consistent senior supervision of management decisions, 
discharge planning and operative cases.

3. Consistent team access by staff from multiple disciplines 
such as the emergency department, radiological depart-
ment, intensive care unit and operating theatre.

4. The trauma and emergency surgical skills and experi-
ence complement each other allowing extensive experi-
ence to provide care to complex emergency or trauma 
care.

The enforcement of routine consultant-led rounds in 
the afternoon facilitates timely review of patients’ clinical 
updates and investigations’ results led to appropriate and 
efficient management. Similarly, handover meetings in the 
morning regarding overnight admissions ensures robust con-
tinuity of care for patients. This is essential for identification 
of ongoing issues and hence facilitating planning of treat-
ment and manpower for the day. Our findings of improved 

clinical outcomes were comparable with that illustrated in 
the current literature [3–6].

About 10% of workload was trauma related of which 
most were managed non-operatively, while the remainder 
comprised of emergency surgery. Therefore, it is ideal to 
incorporate both emergency surgery and trauma as a com-
bined service in our institute. It provides an opportunity 
to maintain operative skills and experience in our unit due 
to more common non-operative management of injuries 
in trauma. Comparing pre-ESAT and post-ESAT periods, 
majority of diagnoses was comparable. There is a trend 
towards lower rates of non-specific diagnoses in the ESAT 
period. This could be due to improved communication with 
ED colleagues, timely review of patients triaged to surgical 
care and early computed tomography scans prior to admis-
sion. We also observed doubling of cholecystectomies per-
formed in the acute setting in the post-ESAT period without 
increased complication rates.

Prior to the implementation of ESAT unit, the manage-
ment of acute gallbladder conditions was not standardised 
and was shared amongst hepatobiliary and general surgeons. 
There were constraints to perform index admission chol-
ecystectomy during the pre-ESAT period such as concur-
rent elective clinics, endoscopies, and elective OT for the 
general surgeon on call. One of the benefits of ESAT unit is 
the availability of the emergency consultant surgeon without 
elective commitment to manage the acute gallbladder con-
ditions effectively and efficiently. The ESAT service hence 
provides more index admission laparoscopic cholecystec-
tomy and potentially reduces readmission rates and overall 
length of stay in patients that would have been managed with 
interval cholecystectomies in the pre-ESAT period.

Our study highlights the potential for adaptability in the 
manpower arrangement of the ESAT unit without compro-
mise on outcomes. The current WC roster involves consult-
ants who are committed to both acute care service as well 
as their own individual surgical subspecialties. This enables 
them to hone their skills and accumulate experience in acute 
care surgery while at the same time continuing their elec-
tive surgical work during off periods. For the department, it 
ensures an adequate trained pool of surgeons in acute care 
surgery. The advantages of this include opportunities to 
establish a larger network with relevant health care profes-
sionals, permit flexibility for manpower shifts and preven-
tion of burnout of surgeons.

It is evident in our study that the outcomes of the ESAT 
unit in KTPH are sustainable even after the adoption of a 
weekly consultant rotation roster. Underlying the success 
of the ESAT unit in our institute is the support from the 
hospital stakeholders as well as fellow surgical colleagues 
within the department. With sustained results, the develop-
ment of ACS will hopefully gain traction in this region. 
The authors feel that the single-consultant-led ESAT unit 
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can be adopted as a bridge to full implementation of the 
WC roster when there are sufficient committed ACS spe-
cialists and a rising workload. The ESAT WC roster can 
potentially be adopted in countries, where the subspecialty 
of acute care surgery has not been established.

Further areas of development of the current ESAT unit 
include maximizing training opportunities and encour-
aging further training for surgical residents interested in 
acute care surgery. It is essential to attract aspiring young 
surgeons into this emerging field to develop acute care sur-
gery as a subspecialty in Singapore. The authors are also 
exploring protocol led pathways for common emergency 
surgeries (e.g., laparoscopic appendicectomies, cholecys-
tectomies, or emergency laparotomies) and the incorpora-
tion of geriatric physicians to improve the care of elderly 
patients undergoing emergency general surgery [11–14].

The limitations of the study include its retrospective 
nature with potential biases. The presence of confounding 
effects that were difficult to adjust include differences in 
quality of care and surgical technology between the two 
time periods and the level of experience of surgeons rotat-
ing weekly in the ESAT WC roster. There were no adjust-
ments performed for the different case mixes in both time 
periods, comorbidities, and time of the year. Despite this 
study’s early (third year) outcomes and limitations, the 
ESAT unit has potential to benefit the patients with fur-
ther standardisation and improvement of acute care pro-
cesses. Further studies with longer period for observation 
of outcomes and comparison between ESAT WC and SC 
frameworks may be worthwhile to undertake.

Conclusion

Acute care surgery model has shown sustained improve-
ment in the clinical outcomes and efficiency of patient care 
in our institution. The ESAT unit has integrated into the 
General Surgery department successfully separating the 
emergency and elective workload.
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