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Background: Emergency general surgery (EGS) patients have a higher mortality than those having
elective surgery. Few studies have investigated changes in EGS-associated mortality over time or explored
mortality rates after discharge. The aim of this study was to conduct a comprehensive, population-based
analysis of mortality in EGS patients over a 20-year time frame.

Methods: This was a cross-sectional study of all adult EGS admissions in Scotland between 1996 and
2015. Data were obtained from national records. Co-morbidities were defined by Charlson Co-morbidity
Index, and operations were coded by OPCS-4 classifications. Linear and multivariable logistic regression
models were used to evaluate changes over time.

Results: Among 1450296 patients, the overall inpatient, 30-day, 90-day and 1-year mortality rates were
1-8, 3-8, 6-4 and 12-5 per cent respectively. Mortality was influenced by age at admission, co-morbidity,
operation performed and date of admission (all P <0-001), and improved with time on subgroup analysis
by age, co-morbidity and operation status. Medium-term mortality was high: the 1-year mortality rate
in patients aged over 75 years was 35-6 per cent. The 1-year mortality rate in highly co-morbid patients
decreased from 75-1 to 57-1 per cent over the time frame of the study (P < 0-001).

Conclusion: Mortality after EGS in Scotland has reduced significantly over the past 20 years. This analysis
of medium-term mortality after EGS admission demonstrates strikingly high rates, and postdischarge

death rates are higher than is currently appreciated.
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Introduction

Emergency general surgery (EGS) is the unscheduled
in-hospital treatment of patients under the care of a sur-
geon with training in gastrointestinal surgery. EGS is a
key component of the specialty of general surgery, with an
estimated 50 per cent of inpatient general surgical beds in
the UK being used to accommodate such patients!. In the
USA, EGS accounts for 3 million hospitalizations per year,
or 7 per cent of the total??.

EGS patients have a high risk of dying*~¢ — up to eight
times that of patients admitted electively*’. However,
few studies have investigated changes in EGS-associated
mortality over time. A previous report® on secular trends
in diagnosis, types of operation and age/sex-adjusted
in-hospital mortality over a 20-year period has been
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published recently, and showed an increasing number of
admissions of elderly patients, with a constant number of
operations. As part of this study, trends in inpatient mor-
tality demonstrated a decrease in the number of inpatient
deaths over time, standardized for age and sex®. However,
there is a substantial burden of mortality after discharge
from acute care, especially in older patients’, and trends in
postdischarge mortality are yet to be established.

There have been many analyses of specific surgical
conditions'® and subpopulations!’"2) as well as a variety
of mortality prediction models'?, but most of these stud-
ies focused on inpatient or early postoperative mortality.
Mortality rates beyond discharge and standard outcome
time frames such as 30days are rarely reported. More-
over, most studies, including current initiatives such as the
National Emergency Laparotomy Audit in the UK, are
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limited to patients undergoing operative treatment'#+~17,
whereas only 10-28 per cent of patients admitted under
the care of a general surgeon have an operation®?18.

The present study aimed to evaluate the secular trends
in mortality after EGS admission with particular refer-
ence to postdischarge mortality, operative compared with
non-operative treatment, and the impact of co-morbidity.

Methods

This was a population-based, cross-sectional study, set in
Scotland, and a further analysis of data used in a previ-
ous publication®. For the present analysis, medium-term
mortality data were obtained. The National Health Service
(NHS) in Scotland collects data on all hospital admissions,
through its Information Services Division (ISD). Patients
are assigned a unique Community Health Index number
at their first contact with NHS Scotland services!?. ISD
data are linked to death records; this allows mortality to be
analysed even once patients have been discharged from the
acute care setting, or if they are admitted to another facility,
and enables a comprehensive, population-based evaluation
of outcome and service.

This project was approved by the Public Benefit and
Privacy Panel of NHS Scotland (reference 1617-0207) and
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registered with the research governance department of
NHS Grampian and the University of Aberdeen.

Data sources

The ISD uses a nationally agreed coding mechanism to
ensure accuracy and consistency. Data are coded locally,
and then stored centrally. Individualized patient data,
anonymized at source, were used. These were transferred
to the Data Safehaven of the University of Aberdeen for
analysis. Demographic details (age and sex), co-morbidity
profile, date and type of admission (transfer from ward or
admission from home), and date of death (if applicable)
were available for every patient. Admission diagnoses were
available in the form of ICD-10 codes. Operative details
were coded using OPCS4. Operations were included if
they had an OPCS4 code with a G-] (upper gastroin-
testinal tract, lower gastrointestinal tract, other abdominal
organ, principally digestive) or T (soft tissue) prefix.

Case definition and terminology

An EGS patient was defined as a patient aged 16 years or
more, admitted to a Scottish hospital, under the care of
a consultant general surgeon (specialty code C1), either

Table 1 Demographics of cohort by year of study time frame
No. of No. of
No. of No. of male female

Year admissions operations* patients* patients*
1996 47803 13749 (28-8) 24189 (50-6) 23614 (49-4)
1997 65033 19073 (29-3) 32773 (50-4) 32260 (49-6)
1998 65232 19352 (29-7) 32751 (50-2) 32481 (49-8)
1999 65817 19398 (29-5) 33270 (50-5) 32547 (49-5)
2000 69774 19936 (28-6) 35235 (50-5) 34538 (49-5)
2001 71977 20358 (28-3) 36150 (50-2) 35827 (49-8)
2002 71823 20042 (27-9) 36355 (50-6) 35468 (49-4)
2003 71278 20470 (28:7) 35100 (49-2) 36178 (50-8)
2004 72313 20961 (29-0) 35536 (49-1) 36777 (50-9)
2005 70909 20687 (29-2) 34326 (48-4) 36583 (51-6)
2006 71073 20770 (29-2) 34118 (48-0) 36955 (52-0)
2007 73585 20994 (28-5) 35508 (48-3) 38077 (51-7)
2008 76278 21454 (28-1) 36515 (47-9) 39763 (52-1)
2009 77861 21022 (27-0) 36879 (47-4) 40980 (52-6)
2010 76756 20136 (26-2) 35914 (46-8) 40840 (53-2)
2011 79453 20323 (25-6) 36940 (46-5) 42513 (53-5)
2012 81568 19607 (24-0) 37067 (45-4) 44500 (54-6)
2013 81475 19650 (24-1) 36610 (44-9) 44865 (55-1)
2014 80955 19174 (23.7) 36215 (44-7) 44740 (55-3)
2015 79333 17 863 (22-5) 35450 (44-7) 43882 (55-3)

Median Significant Moderate No
age co-morbidity co-morbidity co-morbidity
(years)t (CCI>4)* (CCl1-4)* (ccloy*

52 (33-71) 763 (1-6) 14006 (29-3) 33034 (69-1)
52 (33-70) 1139 (1-8) 18860 (29-0) 45034 (69-2)
52 (34-70) 1172 (1-8) 19680 (30-2) 44380 (68-0)

51 (34-70) 1253 (1-9) 18806 (28-6) 45758 (69-5)
52 (34-70) 1332 (1-9) 19599 (28-1) 48843 (70-0)
52 (34-70) 1304 (1-8) 20347 (28-3) 50326 (69-9)
52 (35-70) 1269 (1-8) 19918 (27-7) 50636 (70-5)
53 (35-71) 1226 (1-7) 20163 (28-3) 49889 (70-0)
53 (36-71) 1232 (1-7) 20555 (28-4) 50526 (69-9)
53 (36-71) 1310 (1-8) 20033 (28-3) 49566 (69-9)
53 (36-71) 1157 (1-6) 19686 (27-7) 50230 (70-7)
53 (36-71) 1176 (1-6) 20093 (27-3) 52316 (71-1)
52 (36-70) 1089 (1-4) 20305 (26-6) 54884 (72-0)
52 (36-70) 1239 (1-6) 20751 (26-7) 55871 (71-8)
53 (36-70) 1261 (1-6) 20088 (26-2) 55407 (72-2)
52 (35-70) 1225 (1-5) 20328 (25-6) 57900 (72-9)
52 (35-70) 1298 (1-6) 20587 (25-2) 59683 (73-2)
52 (35-70) 1285 (1-6) 20272 (24-9) 59918 (73-5)
53 (35-70) 1324 (1-6) 20292 (25-1) 59339 (73-3)
53 (35-70) 1293 (1-6) 19549 (24-6) 58491 (73.7)

Values in parentheses are *percentages and tinterquartile range.

© 2019 The Authors.
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Fig. 1 Mortality of emergency general surgery patients over time, stratified by age group

a All age groups

€ Age 61-75 years
40
30

20 - =<

Mortality (%)

2000 2005 2010 2015
Year

40 - Inpatient 40
—_ e mm——— 30-day -
g 30r 90-day g 30k
> >
- 1-year =
£ 20 g 20

(]

2 b =

10 s e 10 |-

e —————
0 T ——— ) n L L I
2000 2005 2010 2015 2000 2005 2010 2015
Year Year

C Age 31-45 years d Age 46-60 years

40+ 40
g 30+ & 30+
= 2
E 20 E 20
S S
= =

10 - 0P~ __ o

b= ———— === = ) 0 g ——— P y—y—y—r—
2000 2005 2010 2015 2000 2005 2010 2015
Year Year

b Age 16-30 years

f Age over 75 years
O r~~oe~__
30 - ===

20

Mortality (%)

N~ a e —— =
-
-

0

| | | |
2000 2005 2010 2015

Year

a All age groups; b age 16—30years; ¢ age 31-45 years; d age 46—60 years; e age 6175 years; f age over 75 years. Results of the linear regression analysis,
including slope, 95 per cent c.i. and P values, are shown in Tizble S2 (supporting information).

directly from the community or from another hospital ward
or hospital, as an emergency (also sometimes referred to
as unscheduled or unplanned admissions), between 1 April
1996 and 31 December 2015.

Statistical analysis

Inpatient mortality (defined as death during the index
admission) and mortality at 30days, 90days and 1year
after the day of admission were analysed. To ensure

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

adequate follow-up, data captured were limited to index
admissions from 1996 to 2015. Annual trends were cal-
culated from 1997 onwards due to incomplete capture
of data in 1996. Patients were ‘virtually followed up’
until 1 January 2017, ensuring a minimum follow-up
of lyear for all subjects. Rather than present age- and
sex-adjusted mortality, which are often difficult to com-
prehend, the results were stratified by age group: 16-30,
31-45, 46-60, 61-75 and more than 75 years. Mortality

at all tme points was analysed in subgroups of whether
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Fig. 2 Mortality of emergency general surgery patients over time, by operative status during index admission
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a Inpatient mortality; b 30-day mortality; ¢ 90-day mortality; d 1-year mortality. Results of the linear regression analysis, including slope, 95 per cent c.i.

and P values, are shown in Table S3 (supporting information).

admitted patients underwent an operation or not, and
by degree of co-morbidity. Co-morbidity was quanti-
fied using the Charlson Co-morbidity Index (CCI), with
10-year lookback?®, and divided into three groups: no
co-morbidity (CCI score 0), co-morbidity (CCI score
1-4) and severe co-morbidity (CCI score above 4).

Univariable linear regression was used to analyse changes
in mortality rates over time. A multivariable logistic
regression model, adjusting for age, operative status, sex
and co-morbidity (by CCI group) was then created®.
Data were analysed using a combination of Microsoft
Excel® v16.0 (Microsoft, Redwood, Washington, USA)
and SPSS® v24.0 IBM, Armonk, New York, USA). Cat-
egorical data were analysed with y? tests, and ordinal data
using Mann—Whitmey U tests.

Results

Between 1996 and 2015, there were 1450296 emergency
admissions, of 865 146 patients, under the care of a general

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

surgeon in Scotland. Of these admissions, 696901 (48-1
per cent) involved male and 753 388 (519 per cent) female
patients; sex was not known for seven patients. Over
the 20-year study period, there was a median of 72 145
admissions per year. The annual number of admissions
increased over time from 65033 in 1997 to 79333 in 2015
(P<0-001), as reported previously®. A total of 395019
admissions resulted in operative intervention (27-2 per
cent), with a median of 20 089 operations per year. In con-
trast to the number of admissions, there was no increase
in the number of operations per year. The median age of
patients increased from 52 (i.q.r. 33-71) in 1996 to 53
(35-70) in 2015. The proportion of patients with severe
co-morbidity (CCI score above 4) remained stable over
the duration of the study (24 347 patients, 1-7 per cent). In
contrast, the proportion of patients with mild/moderate
co-morbidity (CCI grade 1-4) decreased over time
(P =0-016), and the proportion with no co-morbidity
increased (P < 0-001) (Table 1).

www.bjsopen.com B7S Open 2019; 3: 713-721
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Fig. 3 Mortality of emergency general surgery patients over time, by Charlson Co-morbidity Index
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a Inpatient mortality; b 30-day mortality; ¢ 90-day mortality; d 1-year mortality. CCI, Charlson Co-morbidity Index. Results of the linear regression,
including slope, 95 per cent c.i. and P values, are shown in 7Tizble S4 (supporting information).

Change in mortality over time

The all-cause inpatient mortality rate over the study period
was 1-8 per cent, 30- and 90-day mortality rates were 3-8
and 6-4 per cent respectively, and the 1-year mortality
rate was 125 per cent. All of these values decreased over
time, although the rate of decrease was greater for later
time points: mean reduction 0-099 per cent per annum for
inpatient mortality, 0-119 per cent for 30-day mortality,
0-167 per cent for 90-day mortality, and 0-274 per cent
for 1-year mortality (all P<0-001) (Zable S1, supporting
information).

Mortality analysis by age group

The mortality rate increased with age at all mortality time
points studied (P < 0-001) (Fig. I). The inpatient mortality
rate was 0-03 per cent in 16—30-year-olds, 0-15 per cent
in 31-45-year-olds, 0-8 per cent in 46—60-year-olds, 2-7
per cent in 61-75-year-olds and 6-3 per cent in those aged
over 75years. The 30-day, 90-day and 1-year mortality

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

rates were all higher, increasing to 35-6 per cent in patients
aged over 75 years at 1 year. When analysed by age group,
mortality decreased over time for each stratum, and at all
four time points. Decreases were most marked in older
patients, with over 75-year-olds experiencing the greatest
reduction. The inpatient mortality rate in this group
decreased by 0-307 per cent per year, 30-day mortality
by 0-312 per cent per year, 90-day mortality by 0-429
per cent per year, and 1-year mortality by 0-582 per cent
per year (all P<0-001). Similar changes were seen in
younger patients, although they were less pronounced. In
16—30-year-olds, the inpatient mortality rate decreased
by 0-002 per cent per year (P <0-001), 30-day mortality
by 0-006 per cent per year (P<0-001), 90-day mortal-
ity by 0-007 per cent per year (P<0-001) and 1-year
mortality by 0-012 per cent per year (P =0-007). The
31-45-year-olds, 46—60-year-olds and 61-75-year-olds
had reductions that lay between the two extremes of

age (Fig. 1).

www.bjsopen.com B7S Open 2019; 3: 713-721



718

G. Ramsay, J. M. Wohlgemut and J. O. Jansen

index admission

Table 2 Multivariable logistic regression model for in-hospital, 30-day, 90-day and 1-year mortality emergency general surgery index

In-hospital mortality

30-day mortality

90-day mortality 1-year mortality

Odds ratio P Odds ratio
Time
Year of admission 0-95 (0-94, 0-95) <0-001 0-97 (0-97, 0-97)
Sex
M 1-00 (reference) 1-00 (reference)
F 1-11 (1-08, 1-14) <0-001 0-98 (0-96, 0-99)

Operative status

No operation 1-00 (reference) 1-00 (reference)

Operation 0-66 (0-64, 0-68) <0-001 0-80 (0-78, 0-81)
Co-morbidity

None 1-00 (reference) 1-00 (reference)

CCl score 1-4 3-80 (3-68, 3-92) <0-001 372 (3-64, 3-80)

CCl score >4 12.50 (11-90, 13-12) <0-001 12.92 (12-47, 13-39)
Age group (years)

16-30 1-00 (reference) 1-00 (reference)

31-45 340 (2-73, 4-24) <0-001 3:54 (3-14, 4-00)

46-60 13-03 (10-61,16-00) <0-001 10-86 (9-70, 12-16)

61-75 34.64 (28-30, 42-40) <0-001 24.94 (22-30, 27-88)

>75 83.77 (68-48, 102-49) <0-001 52.20 (46-68, 58-30)

P Odds ratio P Odds ratio P
<0-001 0-97 (0-97, 0-97) <0-001 0-98 (0-98, 0-98) <0-001
1-00 (reference) 1-00 (reference)
<0-001 0-95 (0-94, 0-97) <0-001 0-88 (0-087,0-89) <0-001
1-00 (reference) 1-00 (reference)
<0-001 0-91 (0-90, 0-93) <0-001 0-97 (0-95, 0-98) <0-001
1-00 (reference) 1-00 (reference)
<0-001 4.25 (4-18, 4-32) <0-001 4.59 (4-53, 4-64) <0-001
<0-001 19-11(18.57,19-70) <0-001 27-42(26-60, 28-25) <0-001
1-00 (reference) 1-00 (reference)
<0-001 373 (3-40, 4-09) <0-001 349 (3-30, 3-70) <0-001
<0-001 11.23(10-30, 12:24) <0-001 9-58 (9-08, 10-11) < 0-001
<0-001 25-12(23-07,27-36) <0-001 21-21(20-11,22-40) <0-001
<0-001 51.24 (47-06,55-79) <0-001 47.53 (45-10,50-14) <0-001

Values in parentheses are 95 per cent confidence intervals. CCI, Charlson Co-morbidity Index.

Operative and non-operative treatment

Overall inpatient, 30-day, 90-day and 1-year mortality rates
in patients who had an operation were 1-4, 3-3, 6-0 and
12-2 per cent respectively (Fig. 2). Patients who did not
have an operation had slightly higher rates than those who
had a procedure at all time points (1-9, 3-8, 6-2 and 12-6
respectively; all P <0-001). Inpatient mortality in patients
who underwent operative management decreased by 0-106
per cent per year (P <0-001). Longer time points were
again associated with a greater decrease: 0-115 per cent
for 30-day mortality, 0-171 per cent for 90-day mortality,
and 0-261 per cent for l-year mortality (all P <0-001).
For patients who did not have an operation during their
emergency admission, mortality at different time points
decreased similarly (all P <0-001).

Co-morbidity

Patients in the co-morbidity (CCI score 1-4) and severe
co-morbidity (CCI score above 4) groups had higher mor-
tality than those with no co-morbidity (CCI score 0) at all
four time points (Fig. 3). Mortality was related to extent of
co-morbidity: patients with no co-morbidity had very low
inpatient, 30-day, 90-day and 1-year mortality. In contrast,
those with co-morbidity (CCI score 1-4) had an inpatient
mortality rate of 4-4 per cent, 30-day mortality rate of 9-0

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

per cent, 90-day mortality rate of 15-4 per cent, and 1-year
mortality rate of 29-5 per cent, with annual improvements
of 0-149, 0-237, 0-303 and 0-380 per cent respectively over
time. At the beginning of the study, patients with severe
co-morbidity (CCI score above 4) had high inpatient (19-8
per cent), 30-day (30-1 per cent), 90-day (50-1 per cent)
and 1-year (75-1 per cent) mortality. However, these val-
ues improved markedly over time: over the duration of
the study there was a 0-82 per cent reduction per year in
hospital mortality, a 0-87 per cent per year reduction in
30-day mortality, a 1-14 per cent per annum reduction in
90-day mortality, and a 1-09 per cent per annum reduction
in 1-year mortality (all P <0-001). At the end of the study,
the 1-year mortality rate for EGS patients with severe
co-morbidity had decreased from 75-1 to 57-1 per cent.

Multivariable analysis

Patient age, operative intervention, underlying
co-morbidity and year of admission all influenced mor-
tality at all four time points studied in this analysis.
Furthermore, there were changes in patient characteristics
and operative management over the 20 years of the study
(Table 1). A multivariable model was therefore created to
assess whether secular trends in mortality improvement
were independent of these confounders (7able 2). At each
mortality time point studied, year of admission was an

www.bjsopen.com B7S Open 2019; 3: 713-721
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independent factor for outcome. Sex, operative status,
co-morbidity and age were also independent predictors.

Discussion

This population-based, 20-year analysis has demonstrated
significant reductions in inpatient, 30-day, 90-day and
1-year mortality following emergency general surgical
admission. The secular reductions in mortality were
observed across all subgroup analyses, by age, opera-
tive status and co-morbidity, and were more marked at
later tme points. In addition, the improvements in mor-
tality over time were independent of these factors on
multivariable analysis.

Reductions in age- and sex-standardized inpatient mor-
tality rates of EGS patients have been reported previously®.
The present study adds an in-depth analysis of these
trends, by examining mortality at later time points and
following discharge from acute care. The improvements
seen were particularly striking in those at high risk, such
as the elderly, and those with extensive co-morbidities,
suggesting gradual improvements in the system of care.
Improved mortality in patients having operations as well
as those who were managed without surgery also sug-
gests a more systemic improvement in clinical care, than
merely a change in perioperative practice’! =2}, or bet-
ter case selection. Improvements in critical care, and also
increased liaison with family doctors and other services,
such as geriatric and community specialties, multidisci-
plinary team working and more frequent use of radiological
diagnostics, may all have contributed to these improve-
ments in clinical outcomes. However, the reasons behind
the mortality improvements seen in this study are beyond
the scope of the present analysis. Further improvements
could potentially be seen by increasing multidisciplinary
links, particularly in the frail elderly cohorts, and adopt-
ing an enhanced recovery approach to patients who have an
operation®*.

The present study analysed outcomes in a longer
follow-up time frame than that usually assessed for
EGS mortality studies’> 28, Despite the improvements
seen, a key finding from this work is the surprisingly
high postdischarge mortality rates in EGS care when
studied at 1year after admission. For those aged over
75 years, the 1-year mortality rate associated with an EGS
admission was more than 33 per cent. In addition, on
subgroup analysis, the highly co-morbid group had a 1-
year mortality rate above 50 per cent in 2015. Patients
who are elderly and have underlying co-morbidity still
have a very high postdischarge mortality rate, which
could indicate that EGS admission alone selects for a

© 2019 The Authors.
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high-risk group of patients. EGS admission in these
patient groups may provide an opportunity for optimiza-
tion of medical management, or a joint surgical-geriatric
model of care?? 732, Furthermore, these outcome data
should be in the minds of surgeons when discussing
treatment options with patients, particularly frail, elderly
individuals??33733,

This study has limitations. The analysis was conducted
by admission episode rather than at patient level. Patients
admitted to EGS services on several occasions during the
last months of their life will be overanalysed in this manner.
However, the mortality analysis by episode is well estab-
lished and forms the basis of indices such as the Summary
Hospital Mortality Index. Corrections for multiple admis-
sions are methodologically complex and likely to alter the
mortality rates by only a small amount!?. In addition, stud-
ies such as this rely on accurate and consistent coding. The
ISD of the NHS Scotland has consistently used profes-
sional coders to abstract data, and the quality of the coding
has been verified in a number of audits'’. Lastly, infor-
mation on the cause of death for each patient during this
study was not available. The issues of high postdischarge
mortality raise the question of what these patients die
from. This information is not directly available, and would
require additional permissions and data linkage. However,
this study also has many strengths, the most important
being that the data provide information on the long-term
outcome of patients, even after discharge. The ability to
track patients and their outcomes over time is a key advan-
tage of the Scottish NHS data.

This 20-year epidemiological study of EGS admissions
in Scotland builds on previous analysis, by examining
secular trends in mortality at different time points. It
confirms that the mortality rate following EGS is high
for many patient groups, particularly the elderly and
those with co-morbidity. Furthermore, medium-term and
postdischarge mortality is substantial: surviving an EGS
admission does not imply that patients will survive the
next year, whether managed surgically or not. However,
outcomes have improved over the past two decades, and
more so at the later time points than for inpatient mortal-
ity. These findings suggest that there has been a gradual
overall improvement in the system of care, including after
discharge.
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