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ABSTRACT

Objectives To evaluate whether distance and estimated
travel time to hospital for patients undergoing emergency
laparotomy is associated with postoperative mortality.
Design National cohort study using data from the
National Emergency Laparotomy Audit.

Setting 171 National Health Service hospitals in
England and Wales.

Participants 22 772 adult patients undergoing
emergency surgery on the gastrointestinal tract between
2013 and 2016.

Main outcome measures Mortality from any cause
and in any place at 30 and 90 days after surgery.
Results Median on-road distance between home and
hospital was 8.4km (IQR 4.7-16.7 km) with a median
estimated travel time of 16 min. Median time from
hospital admission to operating theatre was 12.7 hours.
Older patients live on average further from hospital

and patients from areas of increased socioeconomic
deprivation live on average less far away.

We included estimated travel time as a continuous
variable in multilevel logistic regression models adjusting
for important confounders and found no evidence for

an association with 30-day mortality (OR per 10 min of
travel time=1.02, 95% C1 0.97 to 1.06, p=0.512) or 90-
day mortality (OR 1.02, 95% Cl 0.97 to 1.06, p=0.472).
The results were similar when we limited our analysis

to the subgroup of 5386 patients undergoing the most
urgent surgery. 30-day mortality: OR=1.02 (95% CI 0.95
to 1.10, p=0.574) and 90-day mortality: OR=1.01 (95%
C10.94 to 1.08, p=0.858).

Conclusions In the UK NHS, estimated travel time
between home and hospital was not a primary
determinant of short-term mortality following emergency
gastrointestinal surgery.

INTRODUCTION

Emergency laparotomy is a common
surgical procedure that is associated with
high rates of death, complications and
prolonged length of stay."™ The National
Emergency Laparotomy Audit (NELA)
has been evaluating the care and outcomes
of patients requiring this type of high-risk
surgery in England and Wales since 2013.

Previous analyses have found consider-
able variation between hospitals in the
provision of structures and processes
which are associated with important clin-
ical outcomes.’

Across secondary care, consideration
has been given to concentrating specialist
services in fewer centres that can provide
higher quality care, particularly when path-
ways providing rapid access to definitive
diagnosis and treatment are required. For
example, improved outcomes following
centralisation have been demonstrated
in stroke,® vascular surgery and trauma.”
There is also a well-established associa-
tion between high hospital volume and
improved outcomes in many different
specialties and settings®™'%; the number of
emergency laparotomies undertaken per
year at each of the 187 hospitals contrib-
uting to NELA varies between 0 and more
than 300. The care of patients undergoing
emergency laparotomy may also disrupt
the care pathways of elective surgical
patients.”® For these reasons, central-
isation of emergency general surgical
services may be justifiably considered by
policymakers.

Despite the potential benefits, recon-
figuration of specialist services inevi-
tably increases the distance travelled
by some patients to hospital and can
disproportionately affect the ability of
distant patients to access care.'* There-
fore, before centralisation of services
can be considered, it is also important
for policymakers to understand the
potential risks of increasing travel
time for patients. The relationship
between distance to hospital (or travel
time) and mortality has been investi-
gated for several emergency ™' and
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non-emergency’> conditions but not for emergency
laparotomy at a national level.

We have therefore undertaken an analysis of NELA
data to investigate whether there is an association
between travel and mortality for patients undergoing
emergency laparotomy. Since patients undergoing
emergency laparotomy have time-critical pathology
and delays to surgery are harmful™>° our hypothesis
was that patients who take longer to reach hospital will
have increased mortality and this effect will be most
apparent in patients with greater surgical urgency.

The objectives of this study were to (1) describe the
distribution of distance to hospital in the population
undergoing emergency laparotomy, (2) describe how
hospital and patient characteristics vary by distance
travelled, and to (3) investigate the relationship
between travel time to hospital and risk of mortality.

METHODS

Study design

Observational study performed through secondary
analysis of NELA data. The findings are reported
according to the Strengthening the Reporting of
Observational Studies in Epidemiology statement.*®

Patient involvement

Patients were not involved in the design or implemen-
tation of this study. A draft of the study manuscript
was presented to a patient representative appointed
by NELA. His comments have been incorporated into
the discussion. The results will be disseminated to the
NELA lay representative committee.

Setting

NELA is a prospective national audit that collects data
from all National Health Service (NHS) hospitals in
England and Wales that perform emergency abdom-
inal surgery.”” We derived our analysis data set from
the NELA cohort of patients who underwent surgery
between 1 December 2013 and 30 November 2016.
We identified hospital characteristics from the 2016
NELA Organisational Audit.’ Our study exposure was
calculated road travel time using aggregated patient
home location as the start point and hospital postcode
as the endpoint.

Participants
NELA intends to include all patients aged 18 or older
with an NHS number who require an unplanned
abdominal procedure on the gastrointestinal tract,
excluding trauma laparotomies and procedures prin-
cipally conducted to treat vascular, gynaecological
or renal tract pathology. Comparison with Hospital
Episode Statistics indicates that more than 80% of
eligible cases have prospective data recorded through
NELA.

From this initial cohort, we then aimed to identify
NELA participants for whom we could estimate travel

time to hospital, whose emergency surgical pathology
was likely to have been the reason for their hospital
presentation and of sufficient urgency to be potentially
affected by a travel delay. We therefore excluded the
following patients: those who had surgery in hospitals
not accepting emergency general surgical admissions;
those who had an emergency laparotomy as a result
of a complication after elective surgery on the same
hospital admission; those who were admitted for more
than 2 days prior to their emergency laparotomy; and/
or those who did not require surgery within 6hours
of the decision to operate (as recorded at the time
of booking on the NELA online case report form).
We used aggregated patient home to hospital travel
calculations on the assumption that patients travelled
from their home to hospital as part of their acute care
episode. We therefore excluded patients who did not
attend one of the five closest hospitals to their aggre-
gated home location as their travel estimations were
likely to be unreliable. We did not have available data
on actual journeys travelled or secondary hospital
transfers. Our sample size was determined by the
number of eligible cases.

Outcomes

The joint endpoints of this analysis were all-cause 30
and 90-day mortality, derived from death registration
data supplied by the Office for National Statistics.

Calculated distance and travel time

Patient postcodes in the NELA data set are aggre-
gated for anonymity and analysed at the level of lower
layer super output areas (LSOA), which are units of
UK census geography containing between 1000 and
3000 individuals.”® The postcodes of participants
were geocoded to the population weighted centroid
of their LSOA (n=22 117, 97%) or the first part of
their postcode (outcode) (n=655, 3%) if only this
was available. Hospitals were located using their full
postcode obtained from NHS Choices and geocodes
were obtained from the Open Geography Portal.”
Estimated travel time and distance were calculated
between patient and hospital locations using Google
Maps Distance Matrix API*" for car travel without
traffic. (The estimation of traffic effects on ambulance
transit times may not be accurate using commercial
geographic information systems.*') For estimation of
closest hospital to patient locations we constructed a
matrix of straight line (Cartesian) distances between all
patient and hospital locations. Straight line distances
were used instead of road distances for reasons of
cost and simplicity. To estimate total population prox-
imity to hospital we used Office for National Statistics
midyear population estimates 2018.**

Selection of covariates
Our primary research aim was to estimate the rela-
tionship between estimated travel time and mortality,
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controlling for the patients’ risk of death but being
careful not to control for mediator variables that
(although related to risk of death) may be causally
affected by travel delays (eg, increased heart rate
due to sepsis). The hypothesised causal relationships
between variables are displayed in online supplemen-
tary figure 2.

Candidate covariates were identified from the NELA
risk adjustment model® that has been developed and
validated on the NELA cohort. In addition to variables
from the NELA risk adjustment model we included time
of hospital admission, time between hospital admis-
sion and arrival in the operating theatre, and index of
multiple deprivation (associated with mortality after
emergency laparotomy**) that was adjusted® to allow
inclusion of data from England (2015 data) and Wales
(2014 data). A full list of the included and excluded
covariates is available in online supplementary table 1.

The NELA data set contains date and time stamps
for admission to hospital and arrival in operating
theatre, but due to frequently missing clock time we
dichotomised the interval from admission to arrival in
theatre into <24hours and 24-48 hours using exact
time where available otherwise by calendar date.

Statistical methods

Baseline characteristics of the study population
and hospitals are described in groups by minimum
calculated road distances. We grouped interhospital
distances into four categories and patient-hospital
distances into three categories. Baseline normally
distributed continuous data were described by mean
with SD and non-normally distributed continuous data
by median with range or IQR. Categorical data were
summarised as number and percentage and grouped to
avoid small numbers in categories.

Statistical modelling

The analysis plan was developed a priori although
several authors were familiar with the data set and
one author had conducted preliminary analysis of the
travel time variable. Our primary analysis was to esti-
mate the association between travel time and mortality
using multilevel logistic regression models with the
patient at the lowest level and a random intercept for
hospital.

Missing data occurred in up to four covariates for
871 (3.8%) participants. We used multiple imputation
by chained equations with 10 imputed data sets to
account for these missing values assuming they were
missing at random.*® The imputation model included
all outcome and predictor variables including those
that were excluded from our main analysis. Rubin’s
rules were used to pool the regression coefficients
and estimate their SEs. Further details of missing data
handling and complete records analysis are in online
supplementary table 2.

Estimated travel time was included as a continuous
variable and, along with patient age, was winsorised
at the 1st and 99th centiles. We report our results per
10 min units of estimated travel time. We prespecified
non-linear transformations of covariates and interac-
tion terms by using those included in the NELA risk
adjustment model where applicable, these consisted of
a linear plus quadratic term for age, an age with Amer-
ican Society of Anesthesiologists (ASA) interaction and
an ASA with respiratory signs interaction.

Non-linear effects of the travel time variable were
explored using a multivariable fractional polynomial
approach.”” Multivariable models containing best
fitting fractional polynomial transformations were
compared with models containing less complex trans-
formations and linear models, the likelihood ratio test
was used to compare the models for fit. The o level for
choosing a transformation was set at 0.05. Multilevel
models included all covariates from the multivariable
models regardless of significance.

Sensitivity analyses
To test the hypothesis that patients requiring the most
urgent surgery are more susceptible to a travel time
effect on mortality, we performed preplanned sepa-
rate analyses on patients undergoing surgery with
an urgency of within 2 and 6hours. We performed
further sensitivity analyses to test whether exclusion of
patients based on closest hospital or winsorisation of
the travel time variable affected our results.

All analyses were carried out in R V.3.6.3 for
Windows.* The following packages were used: ggmap,
Ime4, mice, mfp, rgeos, rgdal, tableone, tidyverse and

sp.

RESULTS

There were 171 hospitals in England and Wales that
reported accepting acute general surgical admissions.
Their spatial distribution is shown in figure 1 with
population distance to hospital and distances between
hospitals. 92.5% of the population of England and
Wales live in an LSOA with centroid within 20km of
a hospital accepting acute general surgical admissions
and over 99% within 40 km. Hospitals are clustered in
areas of increased population density. Seventy per cent
of the population have more than one hospital within
20km of their home; 32% have five or more. Most
hospitals are close to neighbouring centres. Seven-
ty-one per cent of hospitals are located within 30 km
of the next closest hospital, with only 8% having the
next closest hospital more than 50 km away.

The structural characteristics of hospitals arranged
by road distance to nearest alternative provider are
shown in online supplementary table 3. Compared
with hospitals located in proximity to other centres,
more remote hospitals are likely to have fewer beds
and reduced case volume of emergency laparotomies.
More remote hospitals are also less likely to be tertiary
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Figure 1 Map of the study area showing 171 hospitals in England and
Wales that accept patients for emergency laparotomy. Background map
image: Stamen maps. Includes Office for National Statistics data containing
public sector information licensed under the Open Government License
v3.0. LSOA, lower layer super output area.

gastrointestinal surgery referral centres or to have
ambulatory general surgical units.

The identification of cases for our study data set is
described in figure 2. A total of 22 772 cases were avail-
able for analysis and of these 5386 were patients with
the highest surgical urgency (surgery within 2 hours).

Travel distance

The median estimated patient journey distance to
hospital was 9.0km (IQR 4.9-18.0 km), the maximum
(before winsorisation) was 169 km.

A total of 18 536 (81%) patients attended the closest
hospital to their aggregated home location and 22 212
(93%) attended one of the three closest hospitals.

Older patients lived further from the hospitals
at which they underwent surgery compared with
younger patients. For patients with age greater than
80 years median distance was 9.5 km (IQR 5.0-18.8
km) compared with 7.7km (IQR 4.2-15.8 km) for
patients aged less than 50 years (p<0.001). Patients in
areas of the greatest socioeconomic deprivation lived
closer to the hospital at which they underwent surgery
(median distance 6.0 km, IQR 3.6-10.9 km) compared
with those in areas of least deprivation (10.9 km, IQR
6.1-18.0 km) (p<0.001). Table 1 shows the baseline
characteristics of the study population.

Original resear

SOURCE DATASET (n =71 417)
Adult patients that underwent NELA laparotomy in England
and Wales between December 12013 and November 30 2016

NOT ASSESSED FOR ELIGIBILITY (n = 1 592)
e Mortality status not known

ASSESSED FOR ELIGIBILITY
n=69 825

EXCLUDED AS INELIGIBLE (n =47 053) *
e Patients who underwent surgery in hospitals that do
not accept emergency admissions n=597
e Patients that had surgery during an elective admission
(or as a complication of surgery during the same

admission) n=7797
e Patients that did not require urgent surgery (within 6
hours of decision) n=32285

e Surgery more than 48 hours from admission n =40 515
e Patients did not attend one of local five hospitals

n=3821
e Patient home location not known n=122

* some patients excluded in multiple categories

A4

AVAILABLE FOR ANALYSIS (n = 22 772)
e Surgical urgency within 6 hours (n = 22 772)
e Surgical urgency within 2 hours (n = 5 386)

Figure 2 STROBE flow diagram. NELA, National Emergency Laparotomy
Audit.

Travel time and in-hospital time before surgery
Calculated road distance and estimated travel time
were strongly correlated (Pearson’s r=0.935). The
travel distances correspond to a median estimated
travel time (without traffic) of 16 min (IQR 11-23 min)
with a maximum of 127 min. For the 19 193 (84%)
patients who had recorded and plausible timepoints,
median time from admission to theatre was 12.7 hours
(IQR 6.7-23.3 hours). Most of this time was between
admission and decision for surgery (median 9.1 hours,
IQR 4.3-19.0 hours) compared with between decision
for surgery and arrival in operating theatre (median
2.3 hours, IQR 1.3-3.9 hours).

The relationship between estimated travel time to
hospital and risk of mortality
Overall, 3340 (14.6%) patients died within 30 days of
surgery and 4082 (17.9%) died within 90 days. The
unadjusted relationship between estimated travel time
and mortality is shown in online supplementary figure 1.
We found no evidence for a non-linear association
between travel time and the log odds of mortality
after adjusting for all covariates in a multilevel logistic
regression. We therefore report estimates using a linear
effect of time on the log odds of mortality. We found
no evidence for an association between estimated
travel time and mortality for patients undergoing
surgery with an urgency of less than 6 or 2hours in
unadjusted and adjusted analyses (table 2).
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Table 1 Baseline characteristics of participants grouped by road distance to hospital (n=22 772)

Distance between patient home and hospital

<10 km 10-30 km >30 km
n 12 335 8542 1895
Age 67 (51-78) 69 (55-78) 69 (56-78)
Female (%) 6155 (49.9) 4390 (51.4) 959 (50.6)
ASA-PS (%)
1or2 5384 (43.6) 3704 (43.4) 810 (42.7)
3 3835(31.1) 0(31.7) 611(32.2)
4 2731(22.1) 1883 (22.0) 430 (22.7)
5 385(3.1) 245 (2.9) 44 (2.3)
Malignancy (%)
None 10 260 (83.2) 7038 (82.4) 1560 (82.3)
Primary only 1057 (8.6) 746 (8.7) 177 (9.3)
Nodal metastases 359 (2.9) 278 (3.3) 57 (3.0)
Distant metastases 603 (4.9) 441 (5.2) 96 (5.1)
Missing data 56 (0.5) 39(0.5) 5(0.3)
ECG signs (%)
No abnormalities 9607 (77.9) 6619 (77.5) 1447 (76.4)
AF rate 60-90 460 (3.7) 312 (3.7) 87 (4.6)
AF rate >90 or other arrhythmia 2187 (17.7) 1552 (18.2) 345(18.2)
Missing data 81(0.7) 59 (0.7) 16 (0.8)
Cardiac signs (%)
No failure 9071 (73.5) 6162 (72.1) 1349 (71.2)
Diuretic, digoxin, antianginal or antihypertensive therapy 2491 (20.2) 1834 (21.5) 407 (21.5)
Oedema, warfarin or borderline cardiomegaly 575 (4.7) 404 (4.7) 97 (5.1)
Raised JVP or cardiomegaly 146 (1.2) 109 (1.3) 27(1.4)
Missing data 52 (0.4) 33(0.4) 15(0.8)
Respiratory signs (%)
No dyspnoea 8766 (71.1) 6111 (71.5) 1326 (70.0)
Dyspnoea on exertion or mild COPD 1982 (16.1) 1420 (16.6) 323(17.0)
Limiting dyspnoea or dyspnoea at rest 1527 (12.4) 980 (11.5) 234 (12.3)
Missing data 60 (0.5) 31(0.4) 12 (0.6)
Creatinine (mmol/L), median (IQR) 84 (66—116) 84 (66—116) 84 (67-119)
Urea (mmol/L), median (IQR) 7.1(4.9-10.9) 7.2 (5.1-11.1) 7.5(5.1-11.5)
Sodium (mmol/L), median (IQR) 137 (134-139) 137 (133-139) 136 (133-139)
Potassium (mmol/L), median (IQR) 4.1(3.8-4.5) 4.2 (3.8-4.5) 4.1(3.8-4.5)

White cell count (x10%/L), median (IQR)
Haemoglobin (g/L), median (IQR)
Heart rate (BPM), mean (SD)
GCS (%)

15

14

9-13

3-8

Missing data
Systolic blood pressure (mm Hg), mean (SD)
P-POSSUM score, mean (SD)
Admission to theatre time (hours), median (IQR)
Soiling (%)

None

Serous fluid

Localised pus

Free pus, blood or bowel content

12.4 (8.7-17.0)
136 (119-151)
95 (20.4)

11112 (90.1)
705 (5.7)

258 (2.1)

192 (1.6)

68 (0.6)

124 (25.2)
21.0(24.8)
11.9 (6.3-22.9)

3203 (2
3018 (24.
1312(1

(

6.0)

5)
0.6)
4735 (38.4)

12.3(8.6-16.7)
136 (119-151)
95 (20.8)

7714 (90.3)

467 (5.5)

175 (2.0)
28(1.5)

58 (0.7)

124 (25.5)

21.37 (24.7)

12.4 (6.4-23.3)

2311(27.1)
2195 (25.7)
850 (10.0)

3146 (36.8)

12.5(8.8-17.0)
135 (117-149)
95(21.3)

1699 (89.7)
115(6.1)

40 (2.1)
28(1.5)
13(0.7)

124 (26.0)
22.46 (25.3)
12.3(5.9-23.0)
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Table 1 Continued

Distance between patient home and hospital

<10 km 10-30 km >30 km
Missing data 67 (0.5) 40 (0.5) 9(0.5)
Time of hospital admission
00:00-03:59 0(12.2) 1003 (11.7) 224 (11.8)
04:00-07:59 1228 10.0) 867 (10.1) 182 (9.6)
08:00-11:59 2089 (16.9) 1349 (15.8) 288 (15.2)
12:00-15:59 2742 (22.2) 1887 (22.1) 409 (21.6)
16:00-19:59 2645 (21.4) 1906 (22.3) 413(21.8)
20:00-23:59 2121(17.2) 1530 (17.9) 379 (20.0)
IMD quintile (%)
1 (least deprived) 1909 (15.5) 1957 (22.9) 259 (13.7)
2 1950 (15.8) 1982 (23.2) 407 (21.5)
3 2053 (16.6) 1833 (21.5) 578 (30.5)
4 2622 (21.3) 1460 (17.1) 359 (18.9)
5 (most deprived) 3443 (27.9) 1086 (12.7) 219(11.6)
Missing data 358 (2.9) 224(2.6) 73 (3.9)
Urgency (%)
Urgent (2—6 hours) 8669 (70.3) 6001 (70.3) 1344 (70.9)
Emergency surgery delayed for resuscitation* 711 (5.8) 552 (6.5) 109 (5.8)
Immediate (<2 hours) 2955 (24.0) 1989 (23.3) 442 (23.3)
30-day mortality (%) 1745 (14.1) 1186 (13.9) 293 (15. 5)
90-day mortality (%) 2115(17.1) 1475 (17.3) 350 (18

*Option previously included in the National Emergency Laparotomy Audit (NELA) data set.
AF, Atrial fibrillation; ASA-PS, American Society of Anesthesiologists physical status classification; BPM, beats per minute; COPD, chronic obstructive
pulmonary disease; GCS, Glasgow coma scale; IMD, index of multiple deprivation; JVP, jugular venous pulse; P-POSSUM, Portsmouth physiological and

operative severity score for the enumeration of mortality and morbidity.

For the 22 772 patients categorised as requiring
surgery within 6hours (online supplementary table
4), the estimated adjusted OR for 30-day mortality
per 10 min of travel time was 1.02 (95% CI 0.97 to
1.06, p=0.512) and for 90-day mortality the esti-
mated adjusted OR was 1.02 (95% CI 0.97 to 1.06,
p=0.472).

For the 5386 patients categorised as requiring
surgery within 2hours (online supplementary table
5) the estimated adjusted OR for 30-day mortality

per 10 min of travel time was 1.02 (95% CI 0.95 to
1.10, p=0.574) and for 90-day mortality the esti-
mated adjusted OR was 1.01 (95% CI 0.94 to 1.08,
p=0.858).

The sensitivity analyses performed without limiting
the inclusion to patients who had surgery in their
local five hospitals (online supplementary table 6) and
limiting to patients who attended their closest hospital
only (online supplementary table 7) yielded similar
results to the main analysis.

Table 2 Adjusted and unadjusted effects of estimated travel time on mortality expressed as OR per 10 min of travel time. Full multilevel

models are shown in online supplementary tables 4 and 5

30-day mortality

OR 95% Cl

Surgical urgency within 6 hours

Unadjusted 1.01 0.97 to 1.05

Patient-level model 1.01 0.97 to 1.05

Multilevel model 1.02 0.97 to 1.06
Surgical urgency within 2 hours

Unadjusted 1.04 0.981t0 1.11

Patient-level model 1.02 0.95t0 1.10

Multilevel model 1.02 0.95t0 1.10

90-day mortality

P value OR 95% Cl P value
0.604 1.01 0.98t0 1.04 0.482
0.650 1.01 0.97 to 1.05 0.633
0.512 1.02 0.97 to 1.06 0.472
0.226 1.03 0.97 to 1.09 0.341
0.560 1.01 0.94 t0 1.08 0.864
0.574 1.01 0.94 10 1.08 0.858

Adjusting variables in patient-level model: age, age’, ASA, respiratory history, cardiac history, malignancy, sex, index of multiple deprivation, audit year,
time of hospital admission, time from admission to theatre, age * ASA, respiratory history * ASA. Multilevel model: patient-level model variables and

random intercept term for hospital.
ASA, American Society of Anesthesiologists.
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DISCUSSION

Principal findings

We have conducted an analysis of 22 772 patients,
controlling for important predictors, to test our
hypothesis that increased travel time between patient
home and hospital would be associated with reduced
survival following emergency laparotomy. This
hypothesis was not confirmed. Our estimates suggest
that there is either no effect of travel time on short-
term mortality after emergency laparotomy, or that
any effect is small. This finding was unchanged when
analysis was limited to the 5386 patients requiring the
most urgent surgery—that is, within 2hours of the
decision to operate.

The estimated median travel time in this cohort was
16 min compared with a median time spent in hospital
prior to surgery of 12hours. This suggests travel
time may be negligible compared with the time most
patients spend on their overall journey to the oper-
ating theatre.

The 171 hospitals that accept emergency general
surgical patients vary in their proximity to each
other and in their capacity to provide structures and
processes of care that are associated with improved
outcomes. Evidence that contributes to understanding
this variability in emergency care has implications for
the ongoing reconfiguration of health services.

Strengths and weaknesses of the study

A key strength of this study is its originality and its
comprehensiveness. This is the first study to examine
travel time and distance for emergency laparotomy
patients across England and Wales using the largest
and most comprehensive prospectively collected data
set available. The NELA data set contains detailed risk
factor information data for patients undergoing emer-
gency laparotomy which we were able to use for adjust-
ment in analyses, unlike many other studies in this field.

There are also some weaknesses to this analysis.
An important caveat when interpreting our findings
is that NELA does not include patients who did not
undergo surgery. If some patients were too unwell to
be managed surgically due to delays reaching care,
their exclusion would bias the estimate of the associ-
ation between travel distance and mortality.

Our use of home to hospital travel calculations
as a surrogate for prehospital delay also has several
limitations. We did not have data on actual jour-
neys travelled (patients may not have travelled from
home) and were unable to control for potential
confounders that were not in our data set including
expedited ambulance transport and interhospital
transfers. Prehospital delay is affected by several
unmeasured factors including traffic, means of trans-
port” and the perceived quality of care.’® Road
travel time provides only limited information about
patient access to care and may not be representative
of patients without private transport.’’ The use of

geographic information systems to estimate transport
times has only moderate accuracy compared with
actual recorded times’” and aggregation of patient
home locations to the centroids of LSOAs or post-
code outcodes further reduces the accuracy of our
calculations. Since LSOAs and postcode areas are not
of equal geographical size any inaccuracies in travel
estimation will be greater in rural areas. It is possible
that the categorisation of patients as ‘urgent’ in itself
may partly depend on travel time, such that patients
with longer journeys to hospital are more likely to be
classified as ‘urgent’ and therefore more likely to be
selected into our study cohort. However, a compar-
ison of patients in different surgical urgency cate-
gories suggested that they had the same or similar
travel times on average (online supplementary table
8). Since most travel times were short (upper quar-
tile: 23.4 min) relative to the definition of urgency
(under 2and 6hours, respectively), this potential
selection bias is likely to be small.

Organisational and process factors such as tertiary
hospital status and access to geriatrician services are asso-
ciated with better outcomes, and were not controlled for
in this study.” We limited our analysis to patients under-
going urgent surgery with the expectation that many
patients were likely to have been transported to hospital
by ambulance; prehospital delay could also have a bene-
ficial effect if it provided an opportunity for optimisa-
tion of deranged physiology.

We also caution that our results were obtained
given the current distribution of hospitals performing
emergency laparotomy. It is not clear that our results
would apply in the same way after a potential service
reconfiguration that might change the pattern of travel
times to emergency laparotomy.

There may not be a distance effect for emergency
laparotomy in England and Wales due to the distribu-
tion of hospitals and patients described. Compared
with other high-income countries the UK has high
population density and few hospitals that can be
classified as remote.”® The findings of this study are
of international relevance to populations where esti-
mated travel is similar to the UK but are not gener-
alisable to areas of extreme population dispersion or
large geographical distances.

Although we did not find a significant distance effect
on 30or 90-day mortality, it is possible that other
outcomes might be affected by distance to hospital.
Associations between distance and adverse outcomes
have been identified in non-emergency care, for long-
term survival and quality of life.*”

Meaning of the study

Compared with, for example, patients undergoing
primary coronary angioplasty,'® ¢ where there is a
clear time-critical pathology and treatment endpoint, it
is likely that emergency general surgical patients will not
have a predictable response to prehospital delay. This
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is because the emergency general surgical population
include patients with a diverse range of pathologies.

This observational study cannot prove the null
hypothesis, that travel time has no effect on short-term
mortality, but suggests that any effect, if one does exist,
is likely to be small. It is also important to note that we
found that a significant proportion of the population
live in proximity to multiple hospitals accepting acute
general surgical patients. This finding is in keeping
with previous reviews examining distances between
home and emergency care in the UK.** This suggests
that in many cases, hospitals could be reconfigured
into network arrangements without substantially
impacting on the distance travelled to care. Having
considered the potential risks, we can now consider
the arguments for centralisation of emergency services.
The main potential benefit is the concentration of care
in specialist centres to improve quality and outcome.
Separate analysis of NELA data’ has found interhos-
pital variation in adjusted mortality, which can in part
be explained by differences in care processes, associ-
ated structures and hospital characteristics. Another
rationale for the reconfiguration of services is to
separate emergency and elective care. Recent work
has identified the presence of an emergency depart-
ment as the single biggest risk factor for cancellation
of planned inpatient surgery that may waste resources
and cause harm or distress to patients.'’

If quality of care can be improved by reconfiguring
services, this must be balanced against any adverse
effects of reduced access. Our study did not find a
significant relationship between distance and mortality,
but we do not know the impact on other outcomes
such as inpatient complications and length of stay.
Local care is often preferred by patients and they may
be less likely to present for emergency care if they live
further from hospital.”>” Access is infrequently cited
as a reason in reconfiguration decisions,”® and any
benefits obtained might not apply to patients who live
far from hospital.”” While it is true that some patients
may prefer to travel further to centres that have lower
perioperative mortality,’’ ¢! on reviewing our findings,
our patient representative emphasised the importance
of local care for patients and their families.

CONCLUSION

In this study we did not identify an adverse effect
of calculated travel time on short-term mortality
following emergency laparotomy.
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