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Abstract

Background: Postoperative complications are associated with reduced long-term survival. We characterise healthcare
use changes after sentinel postoperative complications.

Methods: We linked primary and secondary care records of patients undergoing elective surgery at four East London
hospitals (2012—7) with at least 90 days follow-up. Complication codes (wound infection, urinary tract infection, pneu-
monia, new stroke, and new myocardial infarction) recorded within 90 days of surgery were identified from primary or
secondary care. Outcomes were change in healthcare contact days in the 2 yr before and after surgery, and 2 yr mortality.
We report rate ratios (RaR) with 95% confidence intervals and adjusted for baseline healthcare use and confounders using
negative binomial regression.

Results: We included 49 913 patients (median age 49 yr [inter-quartile range {IQR}: 34—64]), 27 958 (56.0%) were female.
Amongst 3883 (7.8%) patients with complications (median age 58 [IQR: 43—72]), there were 18.4 days per year in contact
with healthcare before surgery and 25.3 days after surgery (RaR: 1.38 [1.37—1.39]). Patients without complications (median
age 48 [IQR: 33—63]) had 12.3 days per year in contact with healthcare before surgery and 14.0 days after surgery (RaR: 1.14
[1.14—1.15]). The adjusted incidence rate ratio of days in contact with healthcare associated with complications was 1.67
(1.49—1.87). More patients (391; 10.1%) with complications died within 2 yr than those without (1428; 3.1%).
Conclusions: Patients with postoperative complications are older with greater healthcare use before surgery. However,
their absolute and relative increases in healthcare use after surgery are greater than patients without complications.
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More than 5 million procedures are performed in the NHS each
year.! Death after surgery is uncommon, affecting around one
in 100 patients by 90 days."? However, complications after
surgery are much more common, affecting around one in 10
patients after inpatient surgery.® The incidence of complica-
tions varies depending on the type of surgery, how complica-
tions are defined, and the way in which data are collected.
The commonest complications after surgery are infectious,
such as surgical site infection and lower respiratory tract
infection.* ° Less frequent and more serious complications
include myocardial infarction and acute kidney injury.® °
Patients with complications after surgery have a greatly

increased risk of death during their hospitalisation.® However,
even those who survive the immediate affects of the compli-
cation have substantially reduced long-term survival.? ** ¥ In
addition, patients with complications have greater healthcare
costs and longer lengths of hospital stay.'®> '* Given the
increased length of stay associated with complications, it is
likely that healthcare use is elevated.

Patients undergoing surgery are increasingly older.’® As
patients age, they accumulate chronic diseases and therefore
use more healthcare.'® ¥/ They also have a higher risk of com-
plications after surgery, as do patients having major surgical
procedures.® As such, it is important to understand and take
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account of differing baseline healthcare use between patients
with complications and those without. We have demonstrated
previously that patients at high risk of early postoperative
death have greater healthcare use before surgery but experi-
ence disproportionate increases in healthcare use after surgery
compared with patients who are not at high risk of death.'®

The aim of this study was to determine the association
between specified postoperative complications on long-term
healthcare use, including primary and secondary care. Spe-
cifically, we took account of baseline healthcare use to provide
both absolute and relative measures of change.

Methods
Study design

We described previously the design and conduct of this linked
healthcare registry data study.'® We included patients who
underwent surgery at any Barts Health NHS Trust hospital and
were registered with a general practitioner (GP) in a clinical
commissioning group (CCG) area covered by the Discovery
Data Service. The local CCG areas were Tower Hamlets,
Newham, City and Hackney, and Waltham Forest in London,
UK. The Discovery Data Service contains primary care, sec-
ondary care, unscheduled care, and community mental health
records for patients. Data are collected from direct clinical care
databases, for example, primary care records come directly
from the electronic health record. These data are collected for
direct patient care, governance, quality improvement, and
research. For the purposes of this study, we identified primary
care records of patients who underwent surgery at a Barts
Health NHS Trust hospital. Records were linked using an
established pseudonymisation process. We received approval
from the Health Research Authority (reference: 19/HRA/0319)
and Discovery Data Service board (dated: 24 September 2019)
for this analysis. Data were held within a data security and
protection toolkit-compliant computing environment. We
report findings in line with the Reporting of studies Conducted
using Observational Routinely collected health Data statement
(Supplementary Appendix B).'” We developed a statistical
analysis plan before analysis. No sample-size calculation was
performed for this analysis of routinely collected data.

Cohort identification

We selected patients undergoing surgery at a Barts Health NHS
Trust hospital using a previously described list of Office of
Population Censuses and Surveys Classification of In-
terventions and Procedures version 4.7 codes (OPCS 4 codes),’
which we refined to four character versions.” These are typi-
cally performed in an operating theatre, under regional or
general anaesthesia, or involve insertion of a stent/device. We
identified the first procedure for each patient within secondary
care records between 1 January 2012 and 1 January 2017 after a
S5 yr washout period. We restricted to those registered with a
relevant GP practice. We excluded organ donation procedures,
operative deliveries, and emergency admissions. We excluded
emergency admissions using admission method codes as
recorded in secondary care records.?’

Cohort construction

The hospital episode associated with the first procedure was
the index surgical episode. We linked to inpatient admission,
outpatient, emergency department attendance, and primary

care records for the 2 yr before and after surgery. Primary care
records were extracted from the Discovery Data Service and
inpatient admissions; outpatient and emergency department
attendances were extracted from the Cerner Millennium data
warehouse. The Cerner Millennium data warehouse contains
secondary care records within Barts Health NHS Trust hospi-
tals, including procedures, diagnoses, and process measures
(e.g. length of hospital stay). Death data were extracted from
the NHS Spine. We restricted all primary and secondary care
encounters to the period of primary care registration to ensure
we considered each patient’s unique risk time.

Outcome measures

The primary outcome measure was the change in healthcare
use in the 2 yr before and after surgery, reported as a rate ratio
between the days in contact per patient year for each time
point. The secondary outcome measure was 2 yr survival.

Exposure

The primary exposure was the occurrence of first complication
within 90 days of surgery. The following complications were
defined using Read Codes in primary care records and Inter-
national Classification of Diseases, 10th Revision (ICD-10)
codes in secondary care records (codes are listed in
Supplementary Appendix A).

(i) Wound infection
(ii) Urinary tract infection
(iii) Pneumonia
(iv) New stroke
(v) New myocardial infarction

These common complications were selected as sentinel
events to enable us to explore their association with changes
in healthcare use. We did not seek to provide a comprehensive
description of postoperative complications, as this is available
elsewhere.’

Variables

Age was defined as the number of completed years at the
start of the index surgical admission. Sex was recorded as
male or female. Procedures were grouped by anatomical
location to one of 18 categories based on the first two digits of
the primary OPCS 4 code.’’ We categorised procedures as
either involving an overnight stay or day case based on length
of hospital stay. We identified ethnicity from primary care
records and aggregated these to five ethnic categories (South
Asian, Black, White, other, and missing) that align with the
UK 2011 census groupings.”” We divided the cohort into na-
tional quintiles of the English index of multiple deprivation
(IMD 2019), as described previously.'® ?* Chronic diseases
were identified using a modified version of the Charlson
score, using ICD-10 codes in secondary care records, and
using Read Codes in primary care records, including relevant
Quality Outcome Framework register codes.?* *° We captured
diagnoses from prior episodes in secondary care with a two
yr lookback file, and at any time before surgery in primary
care. Presence of a diagnostic code in either primary or sec-
ondary care was sufficient for diagnosis. Time to complica-
tion was measured in days from the date of index surgical
procedure until the date of first diagnosis, restricted to 90
days after surgery.
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First operation 2012—7 at a Barts
Health NHS Trust hospital amongst
adults registered to relevant primary

care provider:

n=52 598

Excluded
Linkage unsuccessful
n=649 (1.2%)

Organ donation
N=28 (<0.1%)

Final cohort

n=51 695

Obstetric procedures
N=222 (0.4%)

Inconsistent date of death
N=4 (<0.1%)

Complete 90 day follow-up
n=49 913

Core analysis dataset

Fig 1. Flow of participant selection.

Statistical analysis

We report the characteristics of included patients, stratified by
the presence or absence of a complication. We restricted to
patients with complete follow-up (i.e. at least 90 days of post-
operative primary care registration) and present the charac-
teristics of patients with incomplete follow-up. We present the
proportion of patients with complications at 90 days.

We present the change in healthcare use, stratified by the
presence or absence of complications. Healthcare use is
expressed as number of days in contact with primary or sec-
ondary care per patient year. We include inpatient admis-
sions, emergency department attendances, outpatient clinic
appointments, and primary care encounters. We restricted all
healthcare encounters to patients’ primary care registration
period and used this as the denominator. We determined the
crude rate by dividing the total number of encounters across
all patients by the total number of days of registration. We
multiplied the crude rate by 365 to provide the number of days
in contact per patient year. We present the cumulative rate of
death within 2 yr. We present the crude and adjusted hazard
ratios for 2 yr death; we adjusted for age and sex in a Cox
proportional hazards model. Events were right censored at the

Incomplete 90 day follow-up
n=1782

Characteristics and outcomes
presented

end of the registration window. We estimated when health-
care use returned to a new baseline by calculating proportion
of patient days with healthcare contact in the final 5 months of
the study (i.e. Months 19—24) and identified when healthcare
use came within 10% of this new baseline.

We adjusted for potential confounders of the association
between complications and subsequent healthcare use with a
multivariable regression model. Because of the highly variable
frequency of healthcare encounter events, we used a negative
binomial model. The dependent variable was the rate of
healthcare use per patient year, and the independent variables
were presence of any complication, age (modelled with a
restricted cubic spline with three degrees of freedom), sex,
presence of any chronic diseases, and procedure category. We
also included patients’ healthcare use in the 2 yr before sur-
gery, which we modelled using a restricted cubic spline with
five degrees of freedom. We present the incidence rate ratio
associated with complications before and after adjustment.
For each complication, we computed the unadjusted and
adjusted incidence rate ratios using a negative binomial
regression model. The unadjusted incidence rate ratio
included baseline healthcare only, and the adjusted incidence
rate ratios also included sex and age.
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Table 1 Characteristics of included patients, stratified by the
presence or absence of complications within 90 days of sur-
gery. Data are presented as n (%) unless otherwise stated.
Long-term diseases were captured from primary and sec-
ondary care data using Charlson index conditions. IQR, inter-
quartile range; sp, standard deviation. * numbers <7 sup-
pressed for statistical disclosure control.

All patients Complication

within 90 days

None One or

more
Number 49 913 46 030 3883
Age
Mean (sp) 49.4 (18.2) 48.8 (18.1) 56.8 (17.8)
Median (IQR) 49 (34—64) 48 (33—63) 58 (43—72)
Sex
Male 21 955 (44) 20 404 (44.3) 1551 (39.9)
Female 27 958 (56) 25 626 (55.7) 2332 (60.1)

Index of multiple deprivation (national quintile)
1 (most deprived) 14 274 (28.6) 13 030 (28.3) 1244 (32)

2 25522 (51.1) 23558 (51.2) 1964 (50.6)
3 7009 (14) 6540 (14.2) 469 (12.1)
4 2278 (4.6) 2126 (46) 152 (3.9)

5 (least deprived) 756 (1.5) 703 (1.5) 53 (1.4)
Missing 74 (0.1) 73 (0.2) (<0.2)"
Ethnic category

White 23539 (47.2) 21607 (46.9) 1932 (49.8)
Asian 13482 (27) 12298 (26.7) 1184 (30.5)
Black 6593 (13.2) 6173 (13.4) 420 (10.8)
Other 2674 (5.4) 2520 (5.5) 154 (4)
Missing 3625 (7.3)  3432(7.5) 193 (5)
Smoking status

Current 10982 (22) 10179 (22.1) 803 (20.7)
Former 12 810 (25.7) 11561 (25.1) 1249 (32.2)
Never 24190 (48.5) 22410 (48.7) 1780 (45.8)
Unknown 1931 (3.9) 1880 (4.1)  51(1.3)
Number of long-term diseases

0 26 282 (52.7) 25024 (54.4) 1258 (32.4)
1 14 347 (28.7) 13151 (28.6) 1196 (30.8)
2 5836 (11.7) 5106 (11.1) 730 (18.8)
3 2258 (4.5) 1839 (4) 419 (10.8)
>3 1190 (2.4) 910 (2) 280 (7.2)
Day-case or inpatient

Inpatient 13379 (26.8) 11458 (24.9) 1921 (49.5)
Day case 36 534 (73.2) 34572 (75.1) 1962 (50.5)

To explore how postoperative complications might inde-
pendently influence long-term healthcare need, we did a post
hoc sensitivity analysis amongst patients who developed
pneumonia within 90 days of surgery. We identified patients
who developed pneumonia in either primary or secondary
care records with relevant codes (Supplementary Appendix A).
We matched individuals with a logistic regression model,

including age, ethnicity, IMD quintile, sex, chronic diseases,
procedure group, and inpatient or day-case surgery as the in-
dependent variables and pneumonia as the dependent vari-
able. For each patient with pneumonia, the five most similar
patients were sampled with replacement. We present the
healthcare use and risk of death, stratified by the presence or
absence of pneumonia. All analyses were performed using R
version 4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria) and associated packages.”®

Results

We identified 52 598 adults having their first elective procedure
with a primary care provider in a relevant area, and linkage
was successful for 51 949 records (98.8%). Of these, we
excluded 28 (<0.1%) organ donation procedures, 222 obstetric
procedures (0.4%), and four records with inconsistent date of
death (<0.1%) (Fig 1). Of 51 695 eligible patients, 1782 (3.4%) had
fewer than 90 days follow-up. These patients were excluded
from the core analysis, and their characteristics and outcomes
are summarised in Supplementary Tables 1 and 2. Aside from
being younger (median age 38 [inter-quartile range {IQR}]:
28-56] yr) and having a lower burden of chronic disease (no
diseases: 1108; 62.2%), the characteristics of excluded patients
were similar to included patients. Excluded patients had a
much lower rate of all complications (Supplementary Table 2).

Characteristics of included patients

We included 49 913 patients with at least 90 days follow-up
who had a median age of 49 yr (IQR: 34—64 yr), and 27 958
(56.0%) were female. Some 39 796 (79.7%) patients were in the
lowest two quintiles of deprivation nationally, and the com-
monest ethnic category was White (23 539; 47.2%). Most pro-
cedures were female upper genitourinary tract procedures
(5214; 10.4%), and 36 534 (73.2%) were performed on a day-case
basis. The characteristics of patients, stratified by the occur-
rence of 90 day complications, are listed in Table 1.

Incidence of complications

A specified complication occurred in 3883 patients within 90
days of surgery (7.8%). The commonest complication was
urinary tract infection (n=1873; 3.8%), and new stroke was the
least frequent (n=125; 0.3%) (Table 2). Patients with compli-
cations were older (median age 58 yr [IQR: 43—72]) than those
without complications (median age 48 yr [IQR: 33-63])
(Table 1). One or more long-term diseases were suffered by
2625 (67.6%) patients who experienced complications
compared with 21 006 (45.6%) of those without complications.

Table 2 Incidence of first occurrence of specified complications within 30 or 90 days of surgery, and time to first occurrence, stratified
by presence of relevant diagnostic code in primary or secondary care data. Data are presented as n (%) unless otherwise stated. Median
times are in completed days and presented with inter-quartile range.

Complication

Pneumonia  Wound infection  Urinary tract infection =~ New myocardial infarction = New stroke
Number by 90 days 1125 (2.3) 897 (1.8) 1871 (3.7) 145 (0.3) 124 (0.2)
Median time (IQR) 30 (11-61) 19 (11-34) 31 (14-57) 15 (5—45) 35 (11-60.2)
Number by 30 days 564 (1.1) 630 (1.3) 918 (1.8) 99 (0.2) 55 (0.1)
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Table 3 Number of days in contact before and after surgery, stratified by type of encounter and presented by presence of complication codes. Data presented as encounters per patient

year with associated 95% confidence intervals, unless otherwise stated. Before, 2 yr before surgery; after, 2 yr after surgery. *Excludes the days spent in hospital for index surgical

admission. 'P<0.05.

Total healthcare encounters

Secondary care encounters

Timing Primary care encounters

Hospital admissions

Emergency department

Outpatient attendance

Rate ratio

After*

Before

After*

Before

After

Before

After

Before

After

Before

1.17 (1.16—1.17)f

2.8(2.7-2.8) 12.8 (12.7-12.8) 14.9 (14.9-14.9)

0.7 (0.7-0.7)

0.4 (0.4—0.4)

0.3 (0.3-0.3)

3.9 (3.9-3.9)

5 (2.4-2.5)

9 (9-9.1)

9.6 (9.6—9.6)

All

Complication code

Absent

1.14 (1.14-1.15)¢

14.0 (14.0—-14.1)

12.3 (12.3—-12.3)

1.9 (1.9-1.9)
5.6 (5.5-5.6)

0.6 (0.6—0.7)
1.6 (1.6—1.6)

0.4 (0.4—0.4)
0.8 (0.8—0.8)

3.7 (3.7-3.7) 0.3 (0.3-0.3)

5.5 (5.5-5.6)

(2.4—2.4)
3.2 (3.2-3.3)

2.4

8.6 (8.6-8.6)

9.3 (9.2-9.3)

1.38 (1.37—-1.39)f

25.3 (25.2—25.4)

18.4 (18.3—18.5)

0.4 (0.4-0.4)

14.6 (14.5-14.7)

13.6 (13.5-13.7)

Present

Influence of complications on long-term healthcare
use

In the 2 yr before surgery, patients with complications had a
higher burden of healthcare use (18.4 days per patient year
[95% confidence interval {CI}: 18.3—18.5]) than patients without
complications (12.3 days per patient year [95% CI: 12.3—12.3]).
Data for the years after surgery exclude the number of days
spent as an inpatient during the index hospital admission. In
the 2 yr after surgery, patients with complications spent 25.3
days per patient year (95% CI: 25.2—25.4) in contact with a
healthcare professional (rate ratio 1.38 [1.37—1.39]) (Table 3).
Amongst patients without complications, 14.0 days per patient
year (95% CI: 14.0—14.1) were spent in contact with a health-
care professional (rate ratio 1.14 [1.14—1.15]) (Fig 2). Most en-
counters were in primary care, but the largest increase
occurred in hospital admissions or outpatient appointments
(Table 3). Within the first 6 months after surgery, 44.9 days per
patient year were spent in contact with a healthcare profes-
sional amongst patients with complications compared with
19.9 days amongst patients without complications
(Supplementary Table 3). Healthcare use reached 10% of the
final baseline at 47 weeks after surgery amongst those with
complications compared with 36 weeks amongst those
without (Supplementary Fig 1). We observed similar patterns
of change in healthcare use across different ethnic categories
(Supplementary Table 4). The healthcare use around surgery
and the rate of death within 2 yr, stratified by type of
complication, are listed in Supplementary Table 5.

Adjusted rate ratio of healthcare use after surgery

The unadjusted incidence rate ratio of healthcare use after
surgery was 2.14 (95% CI: 2.08—2.21) amongst patients with
complications compared with those without complications.
The multivariable adjusted incidence rate ratio was 1.67 (95%
CI: 1.49-1.87). The multivariable model is summarised in
Supplementary Table 6. For an average patient aged 64 yr with
preoperative healthcare use of 15 days in 2 yr, 23 (23—25) days
would be expected in the 2 yr after surgery. A similar patient
with a complication would expect 33 (31—34) days over the
same period. The unadjusted and adjusted incidence rate ra-
tios of healthcare use in the 2 yr after surgery, stratified by type
of complication, are listed in Supplementary Table 5. There
was a significant interaction between age and complications
for patients aged under 58 yr, indicating complications have a
greater relative influence in younger patients.

Death after complications

Overall, 1819 (3.6%) patients died within 2 yr. Amongst 3888
patients with complications, 391 (10.1%) died in 2 yr compared
with 1428 of 46 025 (3.1%) patients without complications
(Supplementary Table 3). The crude hazard ratio for death
within 2 yr amongst those with complications was 3.4 (95% CI:
3.1-3.8). The age and sex adjusted hazard ratio for death
within 2 yr was 2.3 (95% CI: 2.0—-2.6).

Sensitivity analysis: propensity matched analysis of
patients with pneumonia

Pneumonia within 90 days of surgery occurred amongst 1125
(2.3%) patients. Patients who developed pneumonia were
significantly older (median age 62 yr [IQR: 49—74]) than those
who did not develop pneumonia (median age 48 yr [IQR:
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Fig 2. Proportion of patients spending a day in contact with a healthcare professional in the 2 yr before and after surgery, and the cu-
mulative rate of death, stratified by the presence of complication codes. Data aggregated by 7 day (week) windows, each of which has 95%

confidence intervals.

34—63]). Patients who developed pneumonia had a higher
healthcare need before surgery (20.0 days [95% CI: 19.8—20.2
days]) compared with those who did not develop pneumonia
(12.6 days [95% CI: 12.6—12.6 days]).

To account for the differing baseline, we did an exploratory
propensity matched sensitivity analysis. We matched 5625
patients to the 1125 patients who developed pneumonia, and
their characteristics are listed in Supplementary Table 7. The
time spent in contact with a healthcare professional was 20.0
days per patient year (95% CI: 19.8—20.2) in the 2 yr before
surgery and 32.6 days (32.4—32.8 days; rate ratio 1.63
[1.61-1.65]) after surgery amongst patients with pneumonia.
Patients in the matched cohort spent 16.3 (16.3—16.4) days
before and 22.8 (22.7—22.9 days; rate ratio 1.39 [1.39—1.40]) after
surgery in contact with a healthcare professional. The rate of
death by 2 yr was 9.7% amongst those in the matched cohort
and 16.0% in the pneumonia cohort. Most of the increased
healthcare need associated with pneumonia occurred in the
first 6 months after the operation (pneumonia: 55.0 days per
patient year vs matched group: 33.5 days) (Supplementary
Table 8; Supplementary Fig 2). By the final 6 month period

(Days 548—730 after surgery), patients with pneumonia had
22.2 days in contact compared with 17.8 amongst those
without pneumonia.

Discussion

The principal finding of this large regional cohort study was
that selected complications after elective surgery were asso-
ciated with substantially greater healthcare use, both in ab-
solute terms and relative to baseline healthcare use. By using
precise linkage of hospital and primary care records, we were
able to measure the temporal change in healthcare use before
and after surgery. The increase in healthcare use after surgery
amongst patients with complications was greatestin the first 6
months after surgery but persisted throughout the 2 yr period
we examined. Patients with complications had a three-fold
higher rate of death than those without. Whilst patients with
complications were older, had a higher burden of comorbid
disease, and had higher preoperative healthcare use, they
suffered a disproportionate rise in healthcare use after com-
plications. After adjusting for age comorbidity and differing
preoperative healthcare use, our findings were unchanged. To
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further account for the differing characteristics of patients
with complications, we explored a sentinel complication
(pneumonia) in a propensity matched analysis. Patients
experiencing postoperative pneumonia had persistently
increased healthcare use after surgery and a three-fold higher
rate of death than similar patients without pneumonia.

The overall rate of complications we observed was lower
than in prior studies of mixed surgical populations. For
example, in an international prospective cohort study of 44
000 patients undergoing inpatient elective surgery, complica-
tions were reported for 16.8% of patients within 30 days of
surgery.> However, one-third of these were unspecified com-
plications, which we would not be able to capture through
coding data alone. We pre-specified important postoperative
complications that could be identified in both primary and
secondary care using diagnostic codes. These were selected as
common complications to explore the hypothesis that com-
plications are associated with greater postoperative health-
care use. When we consider the complications we specified,
the rate of pneumonia in the International Surgical Outcomes
Study was 1.6% and amongst inpatients in our study was 4.4%.
The increased incidence in our cohort is likely because of the
longer follow-up in our study (90 days) and the inclusion of
primary care data. Whilst many studies report 30 day infec-
tion, our findings would suggest that the rate of complications
remains elevated over the subsequent 90 day period, which
aligns with a recent study of patients in the USA.”’ When we
stratified by type of complication, the infectious complication
associated with the greatest cumulative rate of death and in-
crease in healthcare use was pneumonia. However, urinary
tract infection and wound infection were both associated with
increases in healthcare use of between one and two-thirds.
Whilst our study is unable to establish a causal relationship
between complications and long-term healthcare use given
the potential for unmeasured confounding, it adds to the
substantial literature demonstrating the poor long-term
health outcomes associated with postoperative complica-
tions.® 127%* 27 Qur data highlight the attention provided in
primary care before and after surgery. Whilst the largest
relative change in healthcare encounters was within second-
ary care, primary care still accounted for most encounters,
even amongst patients with complications.

The occurrence of a postoperative complication is more
strongly associated with long-term death than underlying
chronic diseases.'! The findings of our adjusted death analysis
align with a recent pooled analysis of two cohort studies we
undertook.’? The influence of complications on long-term
healthcare use after adjustment was relatively greater than
all chronic diseases except for cancer. This is likely because of
ongoing treatment of patients with cancer, including chemo-
therapy and radiotherapy, which would result in a consistent
increase in healthcare need. However, patients with compli-
cations were older, had a higher burden of chronic disease,
typically underwent cardiac or thoracic procedures, and had
greater healthcare use before surgery. As such, the observed
association may have been confounded because patients with
complications were already predisposed to greater healthcare
use before developing a complication. We explored this with
both a multivariable regression and a propensity matched
analysis amongst patients with pneumonia. An observational
study, such as ours, cannot definitively determine if associa-
tions are causative. However, our findings suggest that some
of the long-term harm experienced by high-risk patients may
be mediated by complications. Most excess healthcare use

amongst patients with pneumonia was in the first 6—-12
months after surgery. These findings suggest that in addition
to reduced long-term survival, patients with complications
also have a higher burden of healthcare use after surgery. This
increase is both greater in absolute terms than those without
complications, and disproportionately higher relative to their
preoperative baseline.

Strengths and weaknesses

This study has strengths. First, we used a robust linkage
infrastructure to generate a detailed dataset of linked primary
and secondary care records. Most healthcare in the UK is
provided by primary care providers, and these records provide
rich, detailed understanding of the surgical population. Spe-
cifically, capture of chronic diseases within primary care re-
cords is likely more complete than secondary care records,
and we anticipate that more postoperative infections will be
treated within primary care.”® ?° Second, we used a repro-
ducible definition of surgery based on OPCS codes that we
have described and used previously. Third, we used a consis-
tent risk-time measure based on GP registration. We excluded
some 4% of records that had incomplete 90 day follow-up time.
These patients had low rates of infection, which likely relates
to their primary care registration being outside the Discovery
Data Service coverage area in the immediate postoperative
period. Fourth, we planned our analysis, including the specific
complications we describe, and the method of determining
risk-time.

This study also has some potential limitations. First, in any
study of routinely collected data, there is a risk of information
bias. However, the rates of complications we identified are
comparable with other studies, and the influence of those
complications on long-term survival was similar. Second, we
included only the first operation per patient, which means
some patients may have gone on to have subsequent pro-
cedures during the follow-up period. However, this enabled
longitudinal follow-up before and after surgery, which was the
key aim of our study. Third, misclassification of the primary
exposure (complication) may occur if chronic diagnoses are
confused for acute conditions. We minimised this by
restricting complications to only those that occurred after
surgery, which, in elective patients, should reliably capture
only postoperative complications. We also reduced this risk by
excluding patients with a prior diagnosis of stroke or
myocardial infarction from our assessment of these rare, but
important, cardiovascular complications. As such, we antici-
pate that our capture of cardiovascular complications repre-
sents an under-estimate. We selected a representative set of
important complications based on previous epidemiological
studies to explore the association between them and subse-
quent healthcare use. Our aim was not to describe the inci-
dence of complications after surgery, particularly because
some complications (e.g. bleeding) are likely to be poorly
captured within routine coding data. The East London popu-
lation also has a higher burden of chronic disease at a younger
age, which may limit the external generalisability of our
findings.

Future work and conclusions

Complications after surgery are associated with a substantial
increase in healthcare need that is most prominent in the first
6 months after surgery. This increase in healthcare use is
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likely to be associated with substantial financial costs to the
healthcare system and direct impairments to quality of life for
patients. Whilst the extent to which complications can be
prevented and their causative influence on long-term health-
care cannot be precisely established, this study provides
further evidence that patients with short-term surgical com-
plications suffer persistent long-term harm. Surgical compli-
cations thus represent a key target for both primary and
secondary treatment interventions to improve long-term
outcomes in perioperative medicine.
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