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ABSTRACT
Objective: This study aims to use the Dr Foster
Global Comparators Network (GC) database to examine
differences in outcomes following high-risk emergency
general surgery (EGS) admissions in participating
centres across 3 countries and to determine whether
hospital infrastructure factors can be linked to the
delivery of high-quality care.
Design: A retrospective cohort analysis of high-risk
EGS admissions using GC’s international administrative
data set.
Setting: 23 large hospitals in Australia, England and
the USA.
Methods: Discharge data for a cohort of high-risk
EGS patients were collated. Multilevel hierarchical
logistic regression analysis was performed to examine
geographical and structural differences between GC
hospitals.
Results: 69 490 patients, admitted to 23 centres
across Australia, England and the USA from 2007 to
2012, were identified. For all patients within this
cohort, outcomes defined as: 7-day and 30-day
inhospital mortality, readmission and length of stay
appeared to be superior in US centres. A subgroup of
19 082 patients (27%) underwent emergency
abdominal surgery. No geographical differences in
mortality were seen at 7 days in this subgroup. 30-day
mortality (OR=1.47, p<0.01) readmission (OR=1.42,
p<0.01) and length of stay (OR=1.98, p<0.01) were
worse in English units. Patient factors (age,
pathology, comorbidity) were significantly associated
with worse outcome as were structural factors,
including low intensive care unit bed ratios, high
volume and interhospital transfers. Having dedicated
EGS teams cleared of elective commitments with
formalised handovers was associated with shorter
length of stay.
Conclusions: Key factors that influence outcomes
were identified. For patients who underwent surgery,
outcomes were similar at 7 days but not at 30 days.
This may be attributable to better infrastructure and
resource allocation towards EGS in the US and
Australian centres.

Strengths and limitations of this study
▪ Uses an international data set to provide a large
cohort of patients for analysis.
▪ Is built on an international collaborative that facilitates sharing of outcome data and ultimately
benchmarking of clinical standards.
▪ Identifies key hospital infrastructure factors that
may influence the delivery of high-quality care
with the use of hierarchical logistic regression
modelling as well as examining global trends in
the delivery of EGS.
▪ Participation of only 23 centres means that true
country-wide conclusions cannot be made.
▪ The availability of data limited mortality analysis
to 30-day inhospital deaths across three different
healthcare systems. Without longer term
outcome data, findings must be interpreted with
caution.

INTRODUCTION
Emergency general surgery (EGS) involves
the assessment, management and care of
patients with acute abdominal pathology.1
The vast scope of this specialty covers the
entire spectrum of our population and its
associated burden means that EGS now
accounts for ∼50% of a general surgeon’s
workload.2 The delivery of high-quality EGS
remains a challenge for clinicians and
healthcare providers across the world with
outcomes following EGS admissions being
signiﬁcantly worse when compared with
elective practice.3 Mortality rates of ∼15%
following emergency laparotomy have been
reported in developed nations with this
ﬁgure rising to 25% in the elderly and
comorbid.3 4
Although much is being performed to
improve EGS services, there remains signiﬁcant variation in the delivery of care.3 5 The
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provision of emergency service delivery and how hospitals are structured to deal with the unpredictable and
acute burden of EGS admissions may account for differences in outcomes. The inﬂuence of structural factors
such as consultant workload, intensive care unit (ICU)
capacity and hospital volume on outcomes in EGS
remains relatively unknown.
The unpredictability and variety of workload seen in
EGS makes prospective data collection very challenging.
Using administrative outcome data can add valuable
information on patient demographics and treatment for
large cohorts of patients.6 The use of an international
data set allows for further analysis and comparison
between different healthcare systems and may provide
valuable information and insight for policymakers and
clinicians to develop pathways of care and improve
patient care.7
The sharing of international data in EGS is a novel
concept; the Dr Foster Global Comparators (GC)
Project aims to improve outcomes in healthcare by the
collection and sharing of administrative data between
member institutions across the world as a tool to enable
quality improvement and the identiﬁcation of best practice.8 The potential beneﬁts of collecting large global
data sets have already been shown by GC members in
elective surgery and this study aims to examine outcomes in EGS.9
The primary aim of this study was to determine
whether differences in outcome following EGS admissions exist between hospitals in the GC Project using
administrative data analysis. The secondary aim was to
explore the relationship between hospital structure and
outcome in the delivery of care for patients admitted as
general surgical emergencies (including those undergoing emergency surgery) in GC hospitals.
METHOD
Background to GC
GC is a clinician-led, not-for-proﬁt subsidiary of Telstra
Health. The project was conceived in 2011 and currently
consists of 41 centres across 4 continents. Member institutions aim to benchmark standards using their routinely collected administrative outcome data to inform
quality improvement and ultimately patient care. The
GC database is managed by a team of healthcare analysts
who work closely with members and are based in
London. GC receives quarterly data updates from participating centres.
Participants
Data were obtained from 23 academic medical centres
across 3 countries (Australia, England and the USA).
Each participating unit is a member of GC. Data for
English hospitals were obtained by GC from the
Hospital Episodes Statistics (HES) database.10 For the
other countries, electronic inpatient records were
obtained directly from each participating hospital’s
2

administrative database. These hospitals were selected
from within GC as the authors had access to complete
data sets of patient and hospital-level data covering the
period of analysis.
Inclusion
This study focused on high-risk emergency gastrointestinal surgical diagnoses. High-risk diagnoses were
deﬁned as those with a crude mortality rate of >5% as
previously described by Symons et al.11 The included
diagnosis codes have been broadly mapped into seven
clinical conditions (bowel ischaemia, diverticulitis, liver
and biliary, gastrointestinal ulcers, hernias, miscellaneous and peritonitis). Codes can be seen in online
supplementary ﬁle 1.
All adult patients discharged from the included hospitals between 1 January 2007 and 31 December 2012 who
were admitted with a primary diagnosis meeting the
inclusion criterion were studied whether they underwent
surgery or not.
Exclusion
Centres were excluded if the authors did not have access
to complete data for the period of analysis. Patients
admitted with a non-gastrointestinal primary diagnosis
and paediatric patients were excluded. Patients who
were classed as short stay (inpatient admission for <24
hours then discharged) were also excluded.
Study procedure
Survey
A survey covering key structural aspects of an EGS admission was created and distributed to medical directors
within the hospitals included in the study. The survey
was developed from that used in the NELA organisational audit with modiﬁcations made to account for the
international participants in the GC cohort3 (see online
supplementary ﬁle 2). There was a 100% return rate of
surveys from the 23 centres included in the study. The
relevant results of the survey were then translated to
appropriate binary codes (as they were yes/no
responses) and included in statistical analysis to determine the effect of hospital structure on outcome.
Administrative data collection
Using the relevant ICD-9 and ICD-10 codes for primary
diagnoses and operative procedures from the participating countries, data were collated and analysed using the
statistical software package R with the creation of logistic
regression models. Surgical procedures were deﬁned as
emergency open or laparoscopic abdominal operations
or emergent hernia repairs.
Outcome measures
▸ Mortality was deﬁned as any inhospital death within 7
or 30 days of hospitalisation. Data were not available
for deaths in the community or for other healthcare
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facilities to which the patients may have been
discharged.
▸ Readmission was deﬁned as any unplanned admissions to an inpatient unit at the same hospital within
30 days of discharge.
▸ Long length of stay was deﬁned as a length of stay
greater than that of the 75th centile patient in the participant groups for the primary diagnosis as described.
Statistical analysis
Patient-level data used for risk adjustment were: diagnosis group, age, sex, country, year of discharge, comorbidity and admission source/transfers. Demographic data
were analysed using simple statistical methods, the χ2
test was used for nominal data and the Kruksal-Wallis
test was used to compare ages of cohorts in the three
countries.
▸ Age was divided into four groups (<60, 60–69, 70–79,
>80).
▸ The comorbidity index score was constructed from
the 31 Elixhauser comorbidities, plus dementia, that
were recorded against each patient on admission to
hospital.12
▸ Transfers were deﬁned as patients being transferred
from another acute hospital setting in order to
receive emergency care.
▸ A handover was deﬁned as the transfer of care of a
patient from one consultant to another within the
same unit with a formalised process or protocol for
this transfer being in place.
Geographical differences
A multivariate logistic regression model was created
using the patient-level predictors to assess 7-day and
30-day in hospital mortality, 30-day emergency readmission to hospital and long length of stay. This allowed the
authors to determine whether geographical differences
in outcome exist.
Effect of hospital infrastructure
A hierarchical logistical regression model was created
using the available variables to analyse hospital infrastructure factors on the four aforementioned outcome
measures. A model was created for all admissions with a
further model for patients who underwent surgery to
see if there was a difference in these groups. The infrastructure factors that were assessed were the effect of:

intensive care beds available to EGS patients, volume of
EGS admissions, consultant workload factors (including
whether consultants were on-site 24 hours a day while
on-call) and handover of patient care between consultant shifts.
Ethics
All participating centres provide consent for the use of
their administrative data for research purposes as part of
GC membership. No identiﬁable patient data were used
as part of this study, and therefore, individual patient
consent was not required.
RESULTS
Demographics
A total of 69 490 patients were included in this study,
14 881 from Australia, 29 152 from England and 25 457
from the USA. Five centres were in Australia, 10 were in
England and 8 were in the USA.
Patient demographics, including age, sex and
comorbidity, were similar between countries (table 1).
Overall, a total of 27% of patients admitted underwent
a surgical procedure related to their primary admission
code (laparotomy or laparoscopic procedure); therefore,
73% of patients admitted to an EGS service did not
undergo surgery.
Geographical trends in outcome
A clear geographical difference in outcome was demonstrated with associated clustering of units from each
country. The funnel plots attached demonstrate that
geographical differences in outcome for all patients
admitted as EGS emergencies were seen across the
cohort (see funnel plots—ﬁgures 1–4).
Overall 30-day mortality for this cohort was 8% with a
mortality rate of 6% seen in the operative subgroup.
Mortality analysis was subdivided to look at 7-day and
30-day outcomes, and separated into two cohorts, allcomer and those who underwent surgery, this allowed
for an assessment of the impact of surgical intervention
on outcome. All-comer mortality at 7 days within this
cohort demonstrated ORs of 0.95 in Australia, 1.70 in
England and 0.62 in the USA (reference 1.00). At 30
days, a similar picture was seen with Australia 0.90,
England 1.91 and the USA 0.58 (reference 1.00). Within
the postoperative subgroup, 7-day mortality ORs were

Table 1 Demographics of all patients within study
Admissions (%)
Operated (%)
Average age
Female (%)

Australia

England

USA

Total

14 881 (21)
3422 (18)
63
50

29 152 (42)
8293 (43)
63
54

25 457 (37)
7367 (39)
57
57

69 490
19 082
61
54

p<0.01*
p<0.01†
p<0.01*

*χ2..
†Kruksal-Wallis.
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Figure 1 Seven-day unit level
mortality for all admissions.

Figure 2 Thirty-day unit level
mortality for all admissions.

Figure 3 Thirty-day unit level
readmissions for all admissions.

Figure 4 Long length of stay at
unit level for all admissions.
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the same across the cohort with OR 1.00. However, after
30 days, these results had changed to 0.74 in Australia,
1.47 in England and 0.92 in the USA.
The 30-day readmission rates showed ORs of 0.92 in
Australia, 1.42 in England and 0.76 in the USA (reference 1.00). In the postoperative subgroup, readmissions
were 1.32 in Australia, 1.42 in England and 0.79 in USA
(reference 1.00).
Long length of stay ORs were: 0.88 in Australia, 1.98
in England and 0.58 in the USA (reference 1.00). In the
postoperative subgroup, these were 0.82 in Australia,
1.56 in England and 0.78 in the USA.
All ﬁndings described above reached statistical signiﬁcance with p<0.01.
Patient factors
Mortality and other outcomes improved with time; 2012
mortality, and other outcomes, were signiﬁcantly
improved when compared with 2007 ( p<0.01 for 7-day
and 30-day mortality, readmission and long length of stay
in all-comer and postoperative groups) (tables 2 and 3).
Increasing age and comorbidity were associated with
worse outcomes ( p<0.01 in all outcome analyses).
Presenting pathology was also associated with
outcome, with bowel ischaemia and peritonitis associated with the highest levels of mortality in the allcomer and postoperative groups ( p<0.01).
Transfer from another unit was also associated with
worse outcomes ( p<0.01 in all analyses).

Hospital-level factors
Intensive care
ICU availability was associated with signiﬁcantly
improved outcomes. For every additional ICU bed per
100 hospital beds (range 2–14), a 5% cumulative
improvement in 7-day and 30-day mortality was seen in
the all-comer group ( p<0.01). Within the postoperative
subgroup, a 6% per additional hospital bed improvement in mortality was seen at 7 and 30 days ( p<0.01).
Increased ICU availability did not inﬂuence readmission
rates or length of stay (tables 4 and 5).
Volume
Volume was categorised into low-volume, middle-volume
and high-volume units based on EGS admissions during
the study period. Low-volume centres saw <3000 EGS
admissions, middle volume had 3000–4000 EGS admissions and high-volume centres saw >4000 EGS admissions. Middle-volume units were associated with the best
outcomes with a 16% improvement in 7-day all-comer
mortality ( p<0.01) and 11% improvement in 30-day
mortality ( p=0.02) when compared with low-volume and
high-volume centres.
In the postoperative subgroup, middle-volume units
were associated with an 18% improvement in 7-day mortality compared with low-volume centres ( p=0.03).
There was no signiﬁcant association between hospital volume and readmission rates and long length
of stay.

Table 2 Patient-level variables used in the primary logistic regression modelling to determine geographical differences in
outcome between the included centres

Year (ref. 2012)
2007
2008
2009
2010
2011
Sex (ref female)
Male
Age (ref <60)
60–69
70–79
80+
Comorbidity (ref <10)
>10
Pathology (ref HPB)
Bowel ischaemia
Bowel obstruction
Peritonitis
Diverticulitis
GI ulcers
Hernias
Miscellaneous

7-day mortality
OR (95% CI)

30-day mortality
OR (95% CI)

30-day readmission
OR (95% CI)

Long length of
stay OR (95% CI)

1.23 (1.06
1.10 (0.96
1.13 (0.99
1.09 (0.95
1.01 (0.88

1.37 (1.22
1.24 (1.11
1.25 (1.12
1.13 (1.01
1.08 (0.97

1.07 (1.00 to
1.11 (1.04 to
1.10 (1.03 to
1.03 (0.96 to
1.01 (0.95 to

1.24 (1.17 to
1.17 (1.10 to
1.13 (1.07 to
1.09 (1.03 to
1.10 (1.04 to

to 1.42)*
to 1.26)
to 1.30)
to 1.25)
to 1.16)

to 1.53)*
to 1.39)*
to 1.39)*
to 1.26)
to 1.20)

1.15)
1.18)*
1.17)*
1.09)
1.08)

1.32)*
1.24)*
1.20)*
1.15)*
1.16)*

0.92 (0.85 to 1.00)

0.96 (0.90 to 1.03)

1.03 (0.99 to 1.07)

0.90 (0.87 to 0.93)*

1.81 (1.54 to 2.13)*
3.20 (2.77 to 3.69)*
7.01 (6.83 to 8.01)*

1.73 (1.54 to 1.95)*
2.85 (2.56 to 3.17)*
6.11 (5.53 to 6.76)*

1.09 (1.03 to 1.15)*
1.24 (1.17 to 1.30)*
1.80 (1.71 to 1.90)*

1.19 (1.14 to 1.25)*
1.37 (1.30 to 1.48)*
1.43 (1.36 to 1.50)*

2.52 (2.30 to 2.76)*

3.83 (3.55 to 4.13)*

2.09 (2.00 to 2.18)*

2.69 (2.59 to 2.79)*

8.11 (6.97
1.13 (0.97
5.23 (4.36
1.90 (1.54
3.03 (2.43
1.04 (0.82
5.13 (4.35

4.85 (4.32
0.93 (0.83
3.11 (2.70
1.52 (1.30
2.72 (2.31
0.83 (0.70
3.32 (2.94

1.70 (1.58 to
1.02 (0.97 to
1.59 (1.46 to
1.04 (0.95 to
1.14 (1.02 to
0.75 (0.68 to
1.69 (1.57 to

0.49 (0.45 to
0.64 (0.61 to
0.63 (0.58 to
2.17 (2.02 to
1.65 (1.51 to
1.62 (1.51 to
1.41 (1.31 to

to 9.49)*
to 1.32)
to 6.26)*
to 2.35)*
to 3.78)*
to 1.32)
to 6.04)*

to 5.44)*
to 1.03)
to 3.57)*
to 1.78)*
to 3.20)*
to 0.99)
to 3.76)

1.84)*
1.08)
1.79)*
1.14)
1.26)
0.82)*
1.83)*

0.52)*
0.67)*
0.68)*
2.34)*
1.81)*
1.73)*
1.51)*

The data presented are for all EGS admissions (Cohort of 69 490 patients).
*p<0.01.
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Table 3 Patient-level variables used in the primary logistic regression modelling to determine geographical differences in
outcome between the included centres

Year (ref 2012)
2007
2008
2009
2010
2011
Sex (ref female)
Male
Age (ref <60)
60–69
70–79
80+
Comorbidity (ref <10)
>10
Pathology (ref HPB)
Bowel ischaemia
Bowel obstruction
Peritonitis
Diverticulitis
GI ulcers
Hernias
Miscellaneous

7-day mortality OR
(95% CI)

30-day mortality
OR (95% CI)

30-day readmission
OR (95% CI)

Long length of
stay OR (95% CI)

1.17 (0.84
1.03 (0.75
0.99 (0.71
1.10 (0.81
0.96 (0.70

1.23 (0.97
1.30 (1.05
1.13 (0.90
1.06 (0.85
0.98 (0.79

1.10 (0.97 to
1.14 (1.00 to
1.08 (0.95 to
1.04 (0.92 to
1.04 (0.92 to

1.17 (1.05
1.18 (1.06
1.13 (1.02
1.01 (0.92
1.15 (1.04

to 1.63)
to 1.42)
to 1.36)
to 1.50)
to 1.31)

to 1.55)
to 1.62)
to 1.42)
to 1.32)
to 1.23)

1.26)
1.29)
1.23)
1.18)
1.18)

to 1.30)
to 1.31)*
to 1.25)*
to 1.12)
to 1.27)*

0.86 (0.71 to 1.04)

0.95 (0.83 to 1.08)

1.07 (0.99 to 1.15)

0.93 (0.88 to 0.99)*

2.08 (1.52 to 2.85)*
2.84 (2.12 to 3.81)*
4.57 (3.44 to 6.05)*

1.94 (1.57 to 2.41)*
2.66 (2.17 to 3.25)*
4.52 (3.72 to 5.48)*

1.11 (1.00 to 1.23)
1.21 (1.09 to 1.34)*
1.62 (1.45 to 1.80)*

1.38 (1.28 to 1.50)*
1.68 (1.54 to 1.83)*
1.90 (1.74 to 2.09)*

2.58 (2.07 to 3.21)*

3.79 (3.23 to 4.45)*

2.19 (2.01 to 2.38)*

2.83 (2.65 to 3.08)*

7.62 (4.48
0.45 (0.26
3.16 (1.78
1.06 (0.47
1.19 (0.66
0.65 (0.37
2.27 (1.26

4.59 (3.26
0.62 (0.44
2.00 (1.37
1.18 (0.70
1.56 (1.09
0.54 (0.37
1.69 (1.15

1.82 (1.51 to
0.73 (0.63 to
1.16 (0.95 to
0.99 (0.74 to
0.73 (0.61 to
0.54 (0.46 to
1.14 (0.94 to

0.47 (0.40
0.72 (0.63
0.41 (0.34
1.71 (1.32
0.81 (0.69
0.70 (0.61
1.20 (1.01

to 12.96)*
to 0.78)*
to 5.63)*
to 2.40)
to 2.16)
to 1.15)
to 4.08)*

to 6.45)*
to 0.87)
to 2.93)*
to 1.99)
to 2.24)
to 0.78)*
to 2.47)*

2.19)*
0.86)*
1.42)
1.32)
0.89)
0.64)
1.39)

to 0.56)*
to 0.81)*
to 0.48)*
to 2.20)*
to 0.94)*
to 0.80)*
to 1.42)

The data presented are for the subgroup of patients who underwent surgery (cohort of 19 082 patients).
*p<0.01.

Table 4 Hospital-level variables used in the hierarchical regression model to determine which structural factors affect
outcomes

Transfer (ref no)
Volume (ref <3000)
Consultant on-site
24 hours (ref not)
Consultant cleared
of elective
commitments
(ref no)
Primary assessment
(ref trainee)
Handovers (ref no)
Dedicated EGS
operating theatre
(ref no)
Surgical assessment
unit present (ref no)
ICU beds

7-day mortality
OR (95% CI)

30-day mortality
OR (95% CI)

30-day
readmission
OR (95% CI)

Long length of
stay OR (95% CI)

Transfer in
3000–4000
>4000
Onsite

2.06
0.84
1.08
1.01

1.93 (1.53 to
0.89 (0.81 to
1.06 (0.98 to
1.00 (0.80 to

1.16 (1.01
1.04 (0.98
0.99 (0.94
1.28 (1.14

1.44
1.05
1.01
0.98

Cleared

1.04 (0.91 to 1.20)

0.95 (0.85 to 1.06)

0.94 (0.88 to 1.01)

0.78 (0.74 to 0.83)*

Assessment by
Consultant
Handovers
Dedicated EGS
Operating
Theatre
Surgical
Assessment
Unit Present
ICU beds per
100 hospital
beds

1.01 (0.83 to 1.22)

1.19 (1.03 to 1.38)

1.04 (0.95 to 1.13)

1.24 (1.15 to 1.34)*

0.94 (0.80 to 1.11)
0.94 (0.83 to 1.06)

1.01 (0.89 to 1.14)
0.91 (0.82 to 1.00)

0.98 (0.92 to 1.06)
1.00 (0.94 to 1.06)

1.07 (1.01 to 1.14)
0.96 (0.91 to 1.02)

(1.53 to 2.77)*
(0.75 to 0.95)*
(0.97 to 1.17)
(0.74 to 1.36)

2.44)*
0.98)
1.16)
1.25)

to 1.34)
to 1.09)
to 1.05)
to 1.42)*

(1.27 to 1.64)*
(1.00 to 1.11)
(0.96 to 1.05)
(0.89 to 1.08)

1.25 (1.12 to 1.39)* 1.32 (1.21 to 1.43)* 1.08 (1.03–1.14)*

1.07 (1.02 to 1.11)

0.93 (0.91 to 0.95)* 0.95 (0.93 to 0.96)* 0.99 (0.98 to 1.00)

1.01 (1.01 to 1.02)*

The data presented for all EGS admissions in the study (cohort of 69 490 patients).
*p<0.01.
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Table 5 Hospital-level variables used in the hierarchical regression model to determine which structural factors affect
outcomes

Transfer (ref no)
Volume (ref <3000)
Consultant onsite
24 hours (ref not)
Consultant cleared of
elective
commitments (ref no)
Primary assessment
(ref trainee)
Handovers (ref no)
Dedicated EGS
operating theatre
(ref no)
Surgical assessment
unit (ref no)
ICU beds

7-day mortality
OR (95% CI)

30-day mortality
OR (95% CI)

30-day
readmission
OR (95% CI)

Long length of
stay OR (95% CI)

Transfer in
3000–4000
>4000
Onsite

1.62
0.87
1.07
0.74

1.49 (0.94 to 2.38)
0.82 (0.68 to 0.99)
0.87 (0.74 to 1.04)
0.67 (0.47 to 0.98)

1.08 (0.82
0.98 (0.88
0.96 (0.87
0.94 (0.77

1.42
1.04
0.96
0.91

Cleared

1.35 (1.09 to 1.67)* 1.04 (0.83 to 1.31)

1.01 (0.88 to 1.16) 0.80 (0.72 to 0.89)*

Assessment by
consultant
Handovers
Dedicated EGS
operating theatre

0.89 (0.65 to 1.72)

1.08 (0.80 to 1.45)

1.11 (0.93 to 1.32) 1.11 (0.96 to 1.27)

0.79 (0.57 to 1.10)
0.92 (0.70 to 1.22)

1.01 (0.78 to 1.31)
0.95 (0.78 to 1.17)

0.99 (0.86 to 1.15) 1.19 (1.06 to 1.34)*
1.05 (0.93 to 1.19) 0.89 (0.80 to 0.98)

Surgical
assessment unit

1.26 (0.99 to 1.62)

1.29 (1.09 to 1.54)* 1.09 (1.00 to 1.20) 1.02 (0.95 to 1.10)

(0.82 to 3.22)
(0.66 to 1.13)
(0.85 to 1.35)
(0.48 to 1.12)

0.94 (0.91 to 0.98)* 0.98 (0.95 to 1.02)

to 1.41)
to 1.09)
to 1.07)
to 1.15)

(1.25 to 1.61)*
(0.95 to 1.14)
(0.89 to 1.05)
(0.78 to 1.07)

1.00 (0.99 to 1.02) 1.01 (1.00 to 1.02)

The data presented are for the subgroup of patients who underwent surgery (cohort of 19 082 patients).
The four funnel plots (figures 1–4) were created by using patient-level variables in a multivariate logistic regression model and demonstrate
differences in geographical trends and outcome between the 23 GC centres included in this study. (n=69 490 in all funnel plots.)
----=99.8% control limits.
*p<0.01.

Consultant workload
The working pattern of consultant surgeon’s on-call for
EGS was examined. Having a consultant based onsite
24 hours a day while on duty was associated with a 33%
improvement in 30-day mortality rates in the postoperative subgroup ( p=0.04). However, there was no signiﬁcant improvement in outcome for all other measures
of mortality in this area. An English registrar (or
Australian/US equivalent resident surgeon) making the
primary surgical assessment rather than a consultant was
not associated with any difference in mortality across all
cohorts.
Clearing consultant surgeons of elective commitments
while on duty for EGS was associated with a signiﬁcant
improvement in 7-day mortality in the procedure subgroup, OR 0.65 ( p<0.01). Having surgeons free of elective commitments was also associated with a 22%
improvement in long length of stay for EGS patients
( p<0.01).
Handovers
The presence of a formal handover process and the
number of handovers of EGS patients was not associated
with adverse outcomes.
DISCUSSION
This study is unique as it is the ﬁrst to examine a combination of geographical trends in outcomes in EGS admissions and how they may be inﬂuenced by structural
factors within hospitals. The use of administrative data to
Chana P, et al. BMJ Open 2017;7:e014484. doi:10.1136/bmjopen-2016-014484

inform clinicians of outcomes has been successfully
implemented across many areas of surgery; however, this
is the ﬁrst study to examine outcomes in high-risk EGS
across a number of countries. The GC project has been
at the forefront of using the power of administrative data
to examine global outcomes, so that different healthcare
systems can learn from each other and identify best practice from the sharing of outcome data.9
Although many steps are being taken to implement
improvement in the delivery of EGS,3 5 13–15 the ﬁndings
from this study illustrate areas where care could be
improved such as increased provision of intensive care
beds and deﬁning appropriate surgeon working patterns. Improvements in practice have been demonstrated with mortality rates reducing over the time of the
study from 2007 to 2012; however, the overall mortality
remained at 6% for patients undergoing EGS procedures which is much higher than in elective practice
where the predicted mortality is <2% following an elective laparotomy.1
Most of the US hospitals within this cohort had established acute care surgery (ACS) programmes that are
shown to be associated with improved outcomes in EGS
as well as the highest ratios of ICU beds available within
their hospitals.13 In Australia, the Victorian Audit of
Surgical Mortality has demonstrated a temporal increase
in the use of ICU availability for emergency and highrisk surgical patients and this has been associated with
improvements in mortality and these changes are
reﬂected in the outcomes seen from the Australian
centres in this study.14 15
7
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Previously published work has showed that senior clinician involvement is associated with improved outcomes
in surgery and this study supports this.13 16 However, the
most notable ﬁnding from this study is the impact of
ICU support in improving mortality for EGS patients. A
6% improvement in mortality was seen for every additional ICU bed per 100 hospital beds ( p<0.01). This
may go some way to explain the geographical differences
in outcome as US hospitals had a greater proportion of
ICU beds compared with those in Australia and the UK.
A similar picture was seen in a recent UK study which
examined EGS outcomes in UK hospitals.11 It is important for those involved in the delivery of EGS to recognise that it is a multidisciplinary specialty and
appropriate support services such as: ICU, radiology and
pathology are essential to providing high-quality care.
A commonly occurring theme in 21st century healthcare is the centralisation of services to specialist units.
This has been seen in elective cardiac, oesophagogastric
and vascular surgery with successful results.17 The USA
is also in the process of centralising EGS services as part
of the ACS model, which encompasses EGS, trauma and
surgical critical care in large specialist units.5 It is
thought that improved outcomes seen in large units are
due to a high volume of workload and concentrations of
expertise and resources allowing for patients to receive
optimal care.13 This study shows that centralisation may
not be appropriate for EGS as transfers from other units
as well as high-volume centres were associated with poor
outcomes and increased mortality. This may be due to
the acute nature of EGS meaning that delays caused by
transfers, or having to wait for treatment in busy highvolume centres, may lead to adverse outcomes, making
centralisation inappropriate unlike in the aforementioned elective specialties. Further work needs to be performed to explore this as it may be that the patients in
these hospitals had more complex pathology and therefore may have had a greater risk of mortality as the
largest centres had the most complex workload with sick
patients being transferred in from smaller units.
The limitations of presenting administrative data ﬁndings are well recognised, as results are dependent on the
quality of coding which can result in cases being
inappropriately included or omitted from the data set.
However, the large number of patients included in our
cohort counters this argument. Having outcome data for
almost 70 000 patients coupled with the degree of statistical signiﬁcance seen in the results shows that the
trends observed are of clinical importance.
It is important to highlight that the ﬁndings from this
study are only based on a limited number of centres
(23) within the countries examined; therefore, they may
not be representative of outcomes across countries as a
whole. As the majority of centres were large academic
surgical units, outcomes in other units in the selected
countries may differ and the overall mortality ﬁgures, of
8% and 6% in the subgroup who underwent surgery, are
lower than ﬁndings previously described from the UK
8

and USA.18 The recent publication of data from the UK
National Emergency Laparotomy Audit showed an
overall mortality rate of 11% after emergency laparotomy in the UK and previous literature cites mortality
rates of between 15% and 25% following emergency
laparotomy.3 4 19 The lower mortality rates (6%) seen in
the operative subgroup compared with the nonoperative subgroup may be explained by the fact that
patients within this cohort were initially deemed ﬁt
enough to undergo surgery and were always more likely
to survive than those deemed unﬁt. The differences in
mortality may therefore be a reﬂection of decisionmaking from clinicians who deliver high-risk EGS services to select patients for surgery who are more likely to
survive and to treat the sicker or highly comorbid conservatively or with palliative care.
The outcomes examined were limited by the availability of data. Therefore, mortality examination was conﬁned to inhospital mortality within 30 days. This may
mean that patients dying in the community following
discharge or transfer to another healthcare facility
would be missed. The US hospitals in this study are
major academic medical centres that receive tertiary and
quaternary referrals. Established US practice at this type
of institution is to transfer patients out to a lower level of
care such as a skilled nursing facility much earlier than
might be performed in the UK or Australia. This difference in practice may account for some of the perceived
improved outcomes, as adverse events occurring elsewhere are not recorded within the institution’s administrative database.
Examining mortality for a longer period of time (60–
90 days) may also demonstrate a change in outcomes
between units. Thirty days are a relatively short period of
time to follow-up patients and patients with high-risk
pathology may remain in a high-dependency environment during this time. A similar picture in 30-day mortality between English units was seen in elective
colorectal resections; however, when follow-up was
extended to 90 days and beyond, it was felt a more
accurate interpretation of outcomes and identiﬁcation
of high and low-performing units was seen.20 It may be
that patients in US units have prolonged ICU stays due
to the greater resource availability seen. Therefore, these
patients may be dying at a later stage and were not
recorded in our analysis. Overall patterns in EGS outcomes, particularly mortality, may be similar if longer
follow-up data were available.
This study did not explore the economic impact of
delivering EGS services within GC hospitals. It is well
recognised that the USA has the greatest expenditure of
GDP (16.9%) on healthcare in the world with the UK
and Australia spending lower proportions of their GDP
(9.3% and 9.1%, respectively).21 It is not known
whether the UK and Australia provide similar resource
allocation to EGS delivery as the USA. Further work in
collaboration with healthcare economists and policymakers is required to explore this further.
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This work has generated questions that will impact signiﬁcantly on the delivery of EGS. The question now
remains how can these ﬁndings be successfully implemented into clinical practice to improve care for this
high-risk cohort of patients.
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