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Abstract

Background: Chronic obstructive pul-
monary disease (COPD) is common
among surgical patients, and patients
with COPD have higher risk for compli-
cations and death within 30 days after
surgery. We sought to describe the
longer-term postoperative survival and
costs of patients with COPD compared
with those without COPD within 1 year
after inpatient elective surgery.

Methods: In this retrospective
population-based cohort study, we
used linked health administrative data-
bases to identify all patients undergoing
inpatient elective surgery in Ontario,
Canada, from 2005 to 2019. We ascer-
tained COPD status using validated def-
initions. We followed participants for

1 year after surgery to evaluate survival
and costs to the health system. We quan-
tified the association of COPD with sur-
vival (Cox proportional hazards models)
and costs (linear regression model with
log-transformed costs) with partial
adjustment (for sociodemographic fac-
tors and procedure type) and full adjust-
ment (also adjusting for comorbidities).
We assessed for effect modification by
frailty, cancer and procedure type.

Results: We included 932616 patients,
of whom 170 482 (18%) had COPD. With
respect to association with risk of
death, COPD had a partially adjusted
hazard ratio (HR) of 1.61 (95% confi-
dence interval [CI] 1.58-1.64), and a
fully adjusted HR of 1.26 (95% Cl 1.24-

1.29). With respect to impact on health
system costs, COPD was associated
with a partially adjusted relative
increase of 13.1% (95% CI 12.7%-
13.4%), and an increase of 4.6% (95%
Cl 4.3%-5.0%) with full adjustment.
Frailty, cancer and procedure type
(such as orthopedic and lower abdomi-
nal surgery) modified the association
between COPD and outcomes.

Interpretation: Patients with COPD
have decreased survival and increased
costs in the year after surgery. Frailty,
cancer and the type of surgical proced-
ure modified associations between
COPD and outcomes, and must be con-
sidered when risk-stratifying surgical
patients with COPD.

Contemporary estimates suggest that more than 10% of sur-
gical patients have COPD.! Patients with COPD are at
increased risk for complications and death within 30 days
after surgery;?* previous work estimates a 35% increase in
odds of morbidity and a 30% increase in odds of death attrib-
utable to COPD after risk adjustment.®* However, existing
studies have substantial shortcomings. Several included
select hospitals, which limits generalizability, while others
were narrow in scope and studied selected surgical proced-
ures; most did not follow up patients for more than 30 days
after surgery.”

Patients with COPD may be at increased risk over the longer
term owing to age and other comorbidities.®® Understanding the
longer-term outcomes of surgical patients with COPD is critically
important to accurately guide informed consent discussions and
project care needs. The costs to health systems to care for patients
with COPD after surgery are also unknown;¥ delineating these
costs would facilitate system-level budgeting and resource alloca-
tion. We sought to compare survival and health care costs up to
1 year after inpatient elective surgery between patients with and
without COPD in a large, real-world surgical population in a health
system where hospital and physician care are government-funded.
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Methods

Study design and setting

We conducted a population-based cohort study in Ontario, Can-
ada, which we report according to the Reporting of Studies Con-
ducted Using Observational Routinely Collected Health Data
(RECORD) checklist.'t

Data sources

In this study, we used several databases linked on an individual
level, including the Discharge Abstract Database (DAD), which
captures hospital admissions and discharges, diagnoses and pro-
cedures; the Ontario Health Insurance Plan (OHIP) Database,
which captures physician claims; the National Ambulatory Care
Reporting System, which captures emergency care; the Continu-
ing Care Reporting System, which captures long-term and respite
care; and the Registered Persons Database (RPDB), which cap-
tures deaths. These data sets were linked using unique encoded
identifiers and analyzed at ICES.'2®ICES is an independent, non-
profit research institute whose legal status under Ontario’s
health information privacy law allows it to collect and analyze
health care and demographic data, without consent, for health
system evaluation and improvement.?

Participants

We included all patients aged 35 years or older living in Ontario
who underwent certain intermediate-to-high-risk elective non-
cardiac surgeries from April 2005 to March 2019, including
carotid endarterectomy, open or endovascular abdominal aor-
tic aneurysm repair, peripheral arterial bypass, total hip
replacement, total knee replacement, shoulder surgery, large
bowel surgery, partial liver resection, pancreaticoduodenec-
tomy, gastrectomy, esophagectomy, nephrectomy, cystectomy,
prostatectomy or hysterectomy (see Appendix 1, Supplement 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.220733/tab
-related-content, for rationale for selected procedures and pro-
cedure codes). *'® We included only the first surgery for
patients who underwent multiple procedures. To reduce the
probability of complicated surgeries that required revision or
reoperation influencing our findings, we excluded patients who
had undergone the same type of surgery in the previous year.
We also excluded patients who were ineligible for OHIP, and
those who had undergone lung transplant or surgery for lung
volume reduction.

Exposure

The primary exposure was physician-diagnosed COPD, defined
as 1 or more ambulatory claims or 1 or more hospital admissions
for COPD any time before the index surgery date.'”® This defini-
tion was previously validated against an expert panel in respira-
tory medicine and yielded a sensitivity of 85.0%, a specificity of
78.4% and a positive predictive value of 81.3%. In sensitivity
analyses, we used a specific definition of COPD, defined as 3 or
more ambulatory claims for COPD within any 2-year period or 1
or more COPD hospital admissions (sensitivity 57.4%, specificity
95.4%).7

Outcomes

Our primary outcome was all-cause death in the year after surgery;
the secondary outcome was total health care costs in the year after
surgery. We identified deaths during the index hospital admission
from the DAD, and deaths after discharge using the RPDB. We cal-
culated total health care costs from the perspective of a single-
payer health system using established methods for case-costing
with data from Ontario’s administrative databases, standardized to
2019 Canadian dollars (Appendix 1, Supplement 2). We summed
costs from the index hospital admission and from the year after dis-
charge to generate total health care costs per patient. Censoring in
cost analyses was negligible over the study period; total costs were
available for living patients for the year after surgery. We captured
the following costs using validated methods: costs for acute hospi-
tal admissions and emergency department visits using the
resource intensity weight method; costs of complex continuing
care and long-term care based on resource utilization groups and
length of stay; physician service costs based on fee-for-service pay-
ments to the physician; rehabilitation costs based on the rehabili-
tation patient group case mix and length of stay; and costs for
home care based on the number and costs per visit.}*2

Covariates

We identified demographics (age, sex) from the RPDB. We
assigned income based on median neighbourhood income from
Census data, and rural status based on the Rurality Index of
Ontario.??? We used validated algorithms to determine congestive
heart failure, hypertension or diabetes mellitus.?>-» We used Inter-
national Classification of Disease, Tenth Revision diagnostic codes
in the DAD in the 3 years before the index surgery to determine
coronary artery disease, atrial fibrillation, cerebrovascular disease,
primary lung cancer, primary non-lung cancer, peripheral vascular
disease, chronic kidney disease and liver disease (see Appendix 1,
Supplement 3 for comorbidity codes).?-¢ We extracted type and
site of the surgical procedure from the DAD, which has high accu-
racy.*** We determined frailty using the preoperative frailty index,
a multidimensional index modelled after the original Canadian
Study of Health and Aging Frailty Index; values greater than 0.21
were indicative of frailty.?® We used the Johns Hopkins Adjusted
Clinical Group (ACG) System (version 10) to generate clinically ori-
ented categories of morbidity, generated by summing aggregated
diagnosis groups (ADGs), operationalized as low (scores 0-5),
medium (5-9) or high (= 10).3>3! These measures capture overall
burden of comorbidity and are associated with health resource
use in various health systems.3>* We excluded COPD status in the
generation of frailty and Johns Hopkins ACG scores.

Statistical analysis
We compared characteristics of people with and without COPD
using standardized differences. Standardized differences of less
than 10% represent small differences.®

We generated cumulative mortality rates by COPD status
using the Kaplan-Meier method. We computed unadjusted haz-
ard ratios (HRs) to evaluate the impact of COPD on survival using
Cox regression models. We generated both partially adjusted
(adjusting for sociodemographic factors, including age, sex,
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income quintile, rural residence and type of surgery) and fully
adjusted models (adjusted for sociodemographic factors, as well
as comorbidities, frailty and level of comorbidity).1626283¢ Age was
a continuous variable, expressed as a 4-knot restricted cubic
spline to account for any nonlinear association with the out-
come. We modelled surgery as a 7-level categorical variable that
included type (e.g., minimally invasive) and site (e.g., upper
abdominal) based on clinical sensibility.3” The proportional haz-
ards assumption was supported by nonsignificant correlations
between Schoenfeld residuals with transformed time.

We calculated health care costs by COPD status; we also plot-
ted unadjusted total costs by COPD status for each type of sur-
gical procedure. We used regression analyses to assess relative
incremental costs associated with COPD. We ran ordinary least
squares regression of the logarithmic transformation of costs
(see cost modelling approach in Appendix 1, Supplement 2).3 In
multivariable analyses, we adjusted for the same covariates as
the survival model. We verified underlying model assumptions.

We used R (version 3.4.2) for analyses. An o value of 0.05 was
used as the level of significance.

Effect modification analysis

As frailty may modify the association between COPD and out-
comes,* we evaluated its potential effect modification by includ-
ing an interaction term between COPD and frailty, with no
changes to remaining covariates. Similarly, as respiratory com-
plications commonly occur after open upper abdominal surgery
and open aortic surgery,*** we evaluated effect modification
with an interaction term between COPD and procedure type. We
separately evaluated potential effect modification by cancer by
including an interaction term between COPD and cancer. We
used the Wald method to assess the presence of interaction.

Sensitivity analysis

To account for possible misclassification of the exposure vari-
able, we conducted sensitivity analyses using the more specific,
previously described definition of COPD.Y” We also expressed
COPD as a 3-level variable (no COPD, incident COPD within
5 years of diagnosis, prevalent COPD of greater than 5 years’
duration) to evaluate whether duration of COPD affected associ-
ation with outcomes. We conducted analyses with follow-up lim-
ited to 30 days after surgery to evaluate the influence of COPD on
perioperative outcomes. Finally, we conducted a sensitivity anal-
ysis restricting procedures to those completed during a more
contemporary period from 2014 to 2019.

Sample size and missing data

As this was a population-based study, we included all eligible
patients; no formal sample size calculation was used. Data were
missing for only 0.3% of participants for neighbourhood income
quintile, and 0.08% of participants for rural residence. Given neg-
ligible missing data, we conducted a complete case analysis.

Ethics approval
The study was approved by the University of Toronto Research
Ethics Board (Protocol #36261).

Results

Of 1220491 patients aged 35 years or older who underwent
inpatient elective surgery in Ontario from 2005 to 2019, we
included 932616 patients (Figure 1), of whom 170482 (18.3%)
had physician-diagnosed COPD.

Table 1 shows patient characteristics by COPD status.
Patients with COPD were older and were more frequently male,
of lower income quintile, residents of long-term care and admit-
ted to hospital before surgery than those without COPD. They
were also more likely to have other pre-existing diseases such as
coronary artery disease, congestive heart failure and lung can-
cer. A greater proportion of patients with COPD had frailty and
medium-to-high comorbidity. Patients with COPD more fre-
quently underwent orthopedic surgery, open upper abdominal
surgery and vascular surgery.

During the year after surgery, 52021 (5.6%) patients died,
including 18007 (10.6%) patients with COPD and 34014 (4.5%)
patients without COPD. Within 30 days after surgery, patients
with COPD were more likely to die (n = 5873, 3.4%) than those
without (n = 9429, 1.2%). Unadjusted cumulative mortality by
COPD status is presented in Figure 2. Patients with COPD had an
increased risk of all-cause death (Table 2), with an unadjusted HR
of 2.45 (95% Cl 2.41-2.50), a partially adjusted HR of 1.61 (95% Cl
1.58-1.64), and a fully adjusted HR of 1.26 (95% Cl 1.24-1.29).

The median costs of caring for patients with and without
COPD in the year after surgery are presented in Table 3. Com-
pared with patients without COPD, unadjusted costs were 38.7%
(95% ClI 38.2%-39.3%) higher among patients with COPD, includ-
ing 21.7% (95% Cl 21.3%-22.0%) during the index hospital
admission and 46.8% (95% Cl 45.5-48.2) in the year after surgery.

Patients aged = 35 yr who underwent inpatient
elective surgery from 2005 to 2019

n=1220491

—— Excluded n =287 875

» Repeat elective surgical
procedures n =206 226

» Patients who had undergone
the same type of
procedure in the previous
year n=80865

» Patients who had undergone
lung transplantation or
lung volume reduction
surgery n=784

Included in study

n=932616

Figure 1: Cohort creation.
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Table 1: Characteristics of people with and without COPD who underwent inpatient elective surgery in Ontario, Canada,

from 2005 to 2019

No. (%) of patients*

Total With COPD No COPD Absolute standardized
Characteristic n=932616 n=170482 n=762134 difference
Age, yr, median IQR 65 (55-75) 71 (62-78) 64 (53-74) 0.51
Sex, female 558918 (59.9) 90453 (53.1) 468465 (61.5) 0.17
Income quintile 0.19
1 (lowest) 170841 (18.4) 39749 (23.4) 131092 (17.3)
2 187056 (20.1) 37246 (21.9) 149810 (19.7)
3 187150 (20.1) 33188 (19.5) 153962 (20.3)
4 189986 (20.4) 31034 (18.3) 158952 (20.9)
5 (highest) 194779 (20.9) 28704 (16.9) 166075 (21.9)
Rural status 142015 (15.2) 29194 (17.1) 112821 (14.8) 0.06
Comorbidities
Coronary artery disease 37700 (4.0 13795 (8.1) 23905 (3.1) 0.22
Congestive heart failure 61932 (6. ) 25934 (15.2) 35998 (4.7) 0.36
Myocardial infarction 35805 (3.8) 11823 (6.9) 23982 (3.1) 0.17
Atrial fibrillation 23572 (2.5) 8910 (5.2) 14662 (1.9) 0.18
Peripheral vascular disease 11730 (1.3) 5086 (3.0) 6644 (0.9) 0.15
Hypertension 546824 (58.6) 120562 (70.7) 426262 (55.9) 0.31
Diabetes 202848 (21.8) 47889 (28.1) 154959 (20.3) 0.18
Stroke or TIA 14464 (1.6) 4704 (2.8) 9760 (1.3) 0.11
Chronic kidney disease 11024 (1.2) 4257 (2.5) 6767 (0.9) 0.13
Cancer, any non-lung 112571 (12.1) 23575 (13.8) 88996 (11.7) 0.07
Lung cancer 2860 (0.3) 1769 (1.0) 1091 (0.1) 0.12
Liver disease 3453 (0.4) 1112 (0.7) 2341 (0.3) 0.05
Frailtyt 66869 (7.2) 28104 (16.5) 38765 (5.1) 0.37
ACG category 0.41
Low 195264 (20.9) 21320 (12.5) 173944 (22.8)
Medium 400106 (42.9) 61703 (36.2) 338403 (44.4)
High 337246 (36.2) 87459 (51.3) 249787 (32.8)
Long-term care resident 14469 (1.6) 4851 (2.8) 9618 (1.3) 0.11
Hospital admission in year before 141350 (15.2) 40035 (23.5) 101315 (13.3) 0.27
index surgery
Surgical procedure 0.41
Orthopedic 433665 (46.5) 84938 (49.8) 348727 (45.8)
Upper abdominal MIS 49883 (5.3) 8980 (5.3) 40903 (5.4)
Upper abdominal open 125249 (13.4) 25998 (15.2) 99251 (13.0)
Lower abdominal MIS 129974 (13.9) 16943 (9.9) 113031 (14.8)
Lower abdominal open 134205 (14.4) 11956 (7.0) 122249 (16.0)
Aortic open 15270 (1.6) 5808 (3.4) 9462 (1.2)
Other vascular 44370 (4.8) 15859 (9.3) 28511 (3.7)

Note: ACG = adjusted clinical group, COPD = chronic obstructive pulmonary disorder, IQR = interquartile range, MIS = minimally invasive surgery, TIA = transient ischemic attack.
*Unless indicated otherwise.
tWe determined frailty using the preoperative frailty index. Values > 0.21 were indicative of frailty.?
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Figure 2: Unadjusted cumulative mortality over a year after surgery by chronic obstructive pulmonary disease (COPD) status among patients who

underwent inpatient elective surgery.

Patients with COPD had 13.1% (95% ClI 12.7%-13.4%) higher
total costs with partial adjustment and 4.6% (95% Cl 4.3%-5.0%)
higher total costs with full adjustment, which was similar to
higher costs in the year after surgery (15.0% [95% C| 14.0%-
16.1%] with partial adjustment and 4.9% [95% CI 3.9%-5.8%]
with full adjustment).

Unadjusted total costs after each type of surgery by COPD
status are presented in Figure 3. Certain surgical procedures,
such as upper abdominal surgery and aortic surgery, were asso-
ciated with greater total costs, regardless of COPD status. The
impact of COPD on costs varied by procedure type and was more
pronounced after lower abdominal and orthopedic surgery. Esti-
mates of absolute cost increases attributable to COPD, with par-
tial and full adjustment, over a range of non-COPD costs, as well
as the proportion of patients by COPD status that accrued total
costs greater than $15000 in the year after surgery, are presented
in Appendix 2, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.220733/tab-related-content.

Effect modification analysis

We found evidence of significant interaction between COPD and
frailty, COPD and cancer, and COPD and procedure type (HRs for
unadjusted, partially adjusted and fully adjusted analyses are
presented in Table 4).

Sensitivity analysis

Findings were robust in sensitivity analyses (Table 2). When
COPD was based on a more specific definition (n = 71986 with
COPD) or a 3-level definition (n = 56 761 with incident COPD,
n = 113721 with prevalent COPD), and in separate analyses
restricted to a contemporary period (n = 61246 patients with
COPD of total n =329836), observed associations between COPD
status with death and cost in unadjusted analyses diminished in
magnitude after risk adjustment. Notably, the HRs for death (par-
tially adjusted HR 2.02 [95% CI 1.98-2.07]; fully adjusted HR 1.40
[95% CI 1.37-1.43]) and relative change in cost (partially adjusted
increase of 25.6% [95% Cl 25.0%-26.2%]; fully adjusted increase
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Table 2: Unadjusted, partially adjusted and fully adjusted associations of COPD with 1-year survival and costs after inpatient

elective surgery*

All-cause death Total costs (?
g
Unadjusted Partially adjusted Fully adjusted ‘_”‘
Unadjusted  Partially adjusted Fully adjusted relative difference relative difference relative difference (2]
Analysis HR (95% CI) HR (95% CI) HR (95% CI) % (95% CI) % (95% Cl) % (95% CI) =
Primary analysist 2.45(2.41-2.50)  1.61(1.58-1.64) 1.26(1.24-1.29) 38.7 (38.2-39.3) 13.1(12.7-13.4) 4.6 (4.3-5.0)
Sensitivity analyses
Specific definition of COPD}  3.53 (3.46-3.61)  2.02(1.98-2.07) 1.40(1.37-1.43)  64.1(63.2-65.1)  25.6(25.0-26.2) 9.8 (9.3-10.3)
3-level definition of COPD§
Incident COPD 2.31(2.25-2.38)  1.72(1.67-1.77)  1.29(1.26-1.33) 33.4(32.6-34.3) 14.7 (14.1-15.3) 5.6 (5.1-6.1)
Prevalent COPD 2.52(2.47-2.57) 1.57(1.54-1.60) 1.25(1.22-1.28)  41.4(40.8-42.1)  12.2(11.8-12.7) 4.1 (3.7-4.5)
30-day follow-up 2.82(2.73-2.91) 1.72(1.66-1.78)  1.32(1.28-1.37) 26.7 (26.3-27.1) 7.0 (6.7-7.3) 2.1(1.8-2.3)
Contemporary period 2.41(2.34-2.49)  1.63(1.58-1.68)  1.27(1.23-1.32) 36.1(35.2-37.0) 13.7 (13.1-14.3) 4.9 (4.3-5.4)

(2014-2019)

Note: Cl = confidence interval, COPD = chronic obstructive pulmonary disorder.

*Partial adjustment for age (expressed as a 4-knot restricted cubic spline), sex, neighbourhood income quintile (expressed as a 5-level categorical variable), rural residence and surgical
procedure. Fully adjusted models also adjust for long-term care residence, inpatient hospital admission in the year before surgery, comorbid disease (coronary artery disease, atrial
fibrillation, peripheral vascular disease, hypertension, diabetes, stroke or transient ischemic attack, chronic kidney disease, cancer, lung cancer, liver disease), frailty and adjusted
clinical group (ACG) categories per the Johns Hopkins ACG system.

tPrimary analysis used an exposure of physician-diagnosed COPD, defined as 1 or more ambulatory claims or 1 or more hospital admissions for COPD any time before the index surgery
date.

1The specific definition defined COPD as 3 or more ambulatory claims for COPD within any 2-year period or 1 or more COPD hospital admissions.

§The 3-level definition categorized patients as not having COPD, having had incident COPD within 5 years of diagnosis and prevalent COPD of greater than 5 years.

Table 3: Costs for the total period, the index hospital admission and the year after hospital admission, as well as unadjusted,

partially adjusted and fully adjusted estimates of relative increase for patients with COPD versus those without COPD*

Cost, $ Relative increase, % (95% Cl)
Patients without COPD Patients with COPD Partially
Period n=762134 n=170482 Unadjusted adjusted Adjusted
Total 38.7(38.2-39.3) 13.1(12.7-13.4) 4.6 (4.3-5.0)
Median (IQR) 17671 (12547-31869) 25556 (15900-47 495)
Mean + SD 29159+ 35626 40872 +48309
Index hospital admission 21.7(21.3-22.0) 4.9 (4.7-5.2) 1.0(0.8-1.2)
Median (IQR) 12213 (9258-15071) 13697 (10942-19215)
Mean + SD 15114 +19555 19753 £29408
Year after hospital admission 46.8 (45.4-48.2) 15.0 (14.0-16.1) 4.9 (3.9-5.8)

Median (IQR)
Mean + SD

4343 (1854-15601)
14045+ 25766

8494 (2988-25027)
21118+34171

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disorder, IQR = interquartile range, SD = standard deviation.

*Partial adjustment for age (expressed as a 4-knot restricted cubic spline), sex, neighbourhood income quintile (expressed as a 5-level categorical variable), rural residence, and
surgical procedure. Adjusted models additionally adjust for long-term care residence, inpatient hospitalization in the year before surgery, comorbid disease (coronary artery disease,
atrial fibrillation, peripheral vascular disease, hypertension, diabetes, stroke or TIA, chronic kidney disease, cancer, lung cancer, liver disease), frailty and adjusted clinical group (ACG)
categories per the Johns Hopkins ACG system.

of 9.8% [95% Cl 9.3%-10.3%]) were higher when COPD status
was ascertained using a more specific definition. In sensitivity
analyses with a 30-day follow-up period, associations of COPD
with death were greater than in the primary analysis, but also
diminished with risk adjustment (partially adjusted HR 1.72

[95% Cl 1.66-1.78]; fully adjusted HR 1.32 [95% CI 1.28-1.37]).
The magnitude of associations with cost over 30 days were
smaller than in the primary analysis (partially adjusted relative
increase 7.0% [95% Cl 6.7%-7.3%], fully adjusted increase of
2.1%[95% Cl 1.8%-2.3%)]).
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Figure 3: Unadjusted total cost over a year after surgery for each procedure type by chronic obstructive pulmonary disease (COPD) status among
patients who underwent inpatient elective surgery. Note: Cl = confidence interval, MIS = minimally invasive surgery.

Interpretation

Patients with COPD had lower survival and greater health care
costs in the year after scheduled surgery than patients without
COPD. The condition was associated with a 61% increase in haz-
ard of death and 13% greater total costs after adjustment for
sociodemographic factors and procedure type. After also adjust-
ing for comorbidities, COPD was associated with a 21% increase
in hazard of death and 5% greater total costs. Frailty, cancer and
type of surgical procedure modified associations between COPD
and outcomes.

Nearly 1 in 5 surgical patients had physician-diagnosed COPD.
Recent evidence suggests prolonged time to functional recovery
after major surgery among older patients with comorbid illness,
which would include patients with COPD.*** |n our study,
patients with COPD were at increased risk of death and accrued
greater costs beyond 30 days after surgery. Studies looking at a
follow-up period of 30 days after surgery may not capture the
overall burden of impaired recovery in complex surgical patients.

Patients with COPD typically have concurrent comorbidity, bio-
psychosocial issues and frailty.** For example, 50% of patients with
COPD have a high burden of comorbidity, and almost 1 in 5 live with
frailty. Disentangling the direct effects of COPD, associated comor-
bidity or frailty on patients’ outcomes is challenging. Our findings
highlight the importance of careful risk prediction and decision-
making for patients with COPD who are considering surgery.

The causal pathways between coexisting conditions are com-
plex and can be difficult to temporally define for each individual,
meaning that typical approaches to adjustment, such as multi-
variable regression, may not fully capture the overall impact of
each comorbidity. Acknowledging these limitations, our unad-
justed analysis showed large effect sizes related to COPD, but
sequential adjustment for comorbidities, oncologic status and
frailty substantially attenuated these associations. Although
patients with COPD are at elevated risk for adverse postoperative
outcomes, the magnitude of this risk that is explained by COPD
itself, as opposed to concomitant comorbidity and frailty,
appears to be relatively small.
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Table 4: Assessment of effect modification by frailty, cancer and surgical procedure on the association between COPD and

outcomes*

Interaction

COPD by frailty
No frailty
Frailty
COPD by cancer
No cancer
Cancer
COPD by procedure
Orthopedic
Open aortic
Upper abdominal MIS
Upper abdominal open

Lower abdominal MIS

All-cause death

Partially adjusted,

COPD v. no COPD
HR (95% ClI)

1.73 (1.67 to 1.79)
1.38 (1.33t0 1.43)

1.75(1.71t0 1.78)
1.29 (1.25t0 1.34)

1.89(1.83t0 1.94
1.34(1.22t0 1.48

1.53 (1.41to 1.66

1.91 (1.80 to 2.02

Fully adjusted,
COPD v. no COPD
HR (95% ClI)

1.41 (1.38to0 1.45)
1.09 (1.06 to 1.12)

1.39 (1.36 t0 1.42)
0.97 (0.94 to 1.01)

1.46 (1.41t0 1.50
1.12 (1.02to 1.23

1.22 (1.12t0 1.32

1.44 (1.36 to 1.52

Partially adjusted relative
difference, COPD v. no COPD

% (95% CI)

9.2(8.7t09.7)
1.2(0.2t02.2)

143 (13.9t0 14.7)
3.5 (2.6t0 4.5)

13.7(13.2t0 14.3)
8.4 (6.2t010.7)
10.0 (8.5t0 11.6)

6.5(5.6t07.3)

19.3 (18.1t0 20.6)

Fully adjusted relative
difference, COPD v. no COPD

% (95% Cl)

5.6 (5.3 10 6.0)
-2.4(-1.5t0-3.3)

6.4 (6.1t06.8)
-6.3(-5.5t0 -7.1)

5.1 (4.6 t0 5.6)
2.1(0.1t04.1)
1.8(0.4t03.2)
-2.4(-1.6t0-3.2)
9.2 (8.1t010.2)

1.68 (1.51t0 1.87
1.42 (1.34 to 1.50

( )

( )

( )

1.39 (1.35to 1.44)

( )

Lower abdominal open ( )
( )

Other vascular

)
)
)
1.08 (1.05 to 1.12)
)
)
)

(
(
1.49 (1.34t0 1.66
1.16 (1.10t0 1.23

19.1 (17.7 t0 20.5)
11.2 (9.8 t0 12.5)

13.5(12.2 to 14.8)
3.4(2.2t0 4.6)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disorder, MIS = minimally invasive surgery.

*Partial adjustment for age (expressed as a 4-knot restricted cubic spline), sex, neighbourhood income quintile (expressed as a 5-level categorical variable), rural residence, surgical
procedure. Fully adjusted models additionally adjust for long-term care residence, inpatient hospitalization in the year before surgery, comorbid disease (coronary artery disease,
atrial fibrillation, peripheral vascular disease, hypertension, diabetes, stroke or TIA, chronic kidney disease, cancer, lung cancer, liver disease), frailty and adjusted clinical group (ACG)

categories per the Johns Hopkins ACG system.

From a practical perspective, determining the exact magni-
tude of elevated risk attributable to COPD has limited value for
patients and clinicians. Clinicians should identify the presence
of COPD as an indicator of risk and complexity, which should
trigger further assessment for other meaningful and modifiable
preoperative risk factors, including comorbidity, frailty and
type of surgery. Procedures such as open aortic and upper
abdominal surgery are associated with higher postoperative
risks irrespective of COPD status,*>**% whereas others, such as
orthopedic and lower abdominal surgery, may be of signifi-
cantly greater risk for patients with COPD. Much like a recent
evaluation of patients with frailty,* our results suggest that
perioperative management of patients with COPD requires
careful consideration of the multiple domains that contribute
to their elevated perioperative risk.

Our findings of the greater costs accrued by COPD patients after
surgery will facilitate system-level planning by hospital administra-
tors and policy-makers. Importantly, the increased cost burden
occurred in the period after hospital admission, suggesting that
these patients warrant attention for additional follow-up and
rehabilitation beyond 30 days after surgery. The impact of COPD
was also heterogeneous across different types of surgery, with
greater observed impact after lower abdominal and orthopedic
surgery procedures. Future work is needed to identify which facets
of patients’ long-term recovery require further investment after dif-
ferent types of surgery to improve processes of care and long-term
outcomes in patients with COPD.

Limitations

We defined our cohort by identifying patients who underwent
surgery, giving rise to possible selection bias as patients with
more severe disease may not have been offered surgery.
Although this is a possibility, no current perioperative evidence
precludes elective noncardiothoracic surgery owing to COPD
alone.*® Nonetheless, the generalizability of our results to
patients who are not surgical candidates may be limited. Also,
should evidence from our study change risk prediction and sur-
gical decision-making, our results may not be generalizable to
future patients undergoing surgery. Our study did not include a
measure of COPD severity. We conducted sensitivity analyses
using duration of COPD to account for incident versus prevalent
COPD, and using a more specific definition of COPD; the latter
showed a higher risk of death and greater costs among patients
with COPD, although magnitudes of unadjusted associations still
diminished with risk adjustment. Future work is needed to gener-
ate a severe COPD definition using health administrative data
that predicts increased risk of postoperative complications.

Conclusion

Chronic obstructive pulmonary disease is commonly encoun-
tered among patients undergoing inpatient elective surgery.
Patients with COPD have higher costs and risk of death when
undergoing surgery than patients who are otherwise similar. The
association between COPD and adverse outcomes persists
beyond the immediate perioperative period, and is affected by
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frailty, cancer and type of surgery. Perioperative patient care
should include comprehensive assessment and treatment tai-
lored not only to COPD, but also to management of concomitant
conditions and surgical disease.
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