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Complications after total knee replacement in
patients with chronic obstructive
pulmonary disease
A nationwide case–control study
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Abstract
The incidence and prevalence of chronic obstructive pulmonary disease (COPD) is associatedwith increasing age. Osteoarthritis is also
a growing problem in the aging population, and total knee replacement (TKR) is a common surgical procedure for this population. An
increasing number of COPD patients are receiving TKR, but few studies have examined the complications and outcomes after TKR in
COPD patients. The purpose of this study was to investigate the complications, including mortality, wound infections, hospitalization
readmission, pneumonia (PN), and cerebrovascular accidents (CVAs) in patients with COPD after receiving TKR.
The National Health Insurance operated by the government is a nationwide health care programwith universal coverage in Taiwan.

It covers approximately 99% of the total Taiwanese population of 23 million people. In this case–control study, we analyzed the
longitudinally linked National Health Insurance Research Database, which consists of a cohort of 1,000,000 randomly selected
enrollees retrospectively followed from 1996 to 2010. This study analyzed patients who underwent TKR surgery between January 1,
2004 and December 31, 2009 by identifying the International Classification of Diseases, Ninth Revision, Clinical Modification code.
We separated patients into COPD and non-COPD groups. Five study outcomes and complications were measured after TKR,
includingmortality for 1 and 3 years, wound infections for 1 and 2 years, hospitalization readmission for 30 and 90 days, PN for 30 and
90 days, and CVAs.
A total of 3431 patients who underwent TKR surgery were identified, including 358 patients with COPD and 3073 patients without

COPD. The COPD group had a higher percentage of 90-day PN (3.7% vs. 1.1%), 30-day readmission (7.0% vs. 4.0%), 30-day CVA
(1.7% vs. 0.6%), 90-day CVA (3.9% vs. 2.1%), and 3-year mortality (3.9% vs. 2.1%) than the non-COPD group. COPD was
associated with 90-day PN (adjusted hazard ratio[HR)]=2.12, P=0.030) after adjusting for sex, cardiovascular disease, and CVA
occurrence.
Patients with COPD had a higher risk of PN after TKR than patients without COPD, but no significant differences were found for

CVAs and mortality.

Abbreviations: CI = confidence interval, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, CVA =
cerebrovascular accident, CVD = cardiovascular disease, DM = diabetes mellitus, HR = hazard ratio, LHID = Longitudinal Health
Insurance Database, NHI = National Health Insurance, NHIRD = National Health Insurance Research Database, SD = standard
deviation, TKR = total knee replacement.
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1. Introduction reversible after treatment with medication.[1] Patients with
Chronic obstructive pulmonary disease (COPD) is a chronic lung
disease that produces airway obstruction and is not fully
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COPD have higher rates of complications after surgery than
the general population.[2–4]

Osteoarthritis is also called degenerative arthritis and is a
common form of arthritis that is commonly observed in older
people. Osteoarthritis results from cartilage degeneration and the
breakdown of joint cartilage and the underlying bone and
exhibits associated symptoms of joint swelling, pain, and
decreased range of motion; it causes a considerable socioeco-
nomic burden worldwide.[5] The age-associated increase in the
prevalence of COPD suggests that osteoarthritis is an increasing
problem in this population.
Total knee replacement (TKR) is a common surgical procedure

for osteoarthritis, rheumatoid arthritis (RA), systemic lupus
erythematosus, and psoriatic arthritis.[6,7] TKR may produce a
higher risk and more postoperative complications in patients
with advanced diseases that involve severe joint destruction and
deformity. Bozic et al[8] showed that the most significant
independent risk factor for revision TKR within 12 months
was COPD. Courtney et al[9] found that COPD is a risk factor
that was predictive of critical care intervention after TKR.
Courtney et al[10] also retrospectively reviewed 1012 consecutive
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patients undergoing elective primary hip and knee arthroplasties
and found that COPD is a risk factor for developing late (>24
hours) complications after operation. An increasing number of
COPD patients are undergoing TKR, and it is important to
examine the complications and outcomes after TKR in COPD
patients. The aim of our study was to investigate complications
including mortality, wound infections, hospitalization readmis-
sion, pneumonia (PN), and cerebrovascular accidents (CVAs)
in patients with and without COPD who undergo TKR by
analyzing a nationwide database.
Figure 1. Flow chart of the patients included in the study. COPD=chronic
obstructive pulmonary disease, TKR= total knee replacement.
2. Methods

2.1. Ethics statement

This retrospective study was approved by the institutional review
board (IRB) of the Chi Mei Medical Center, Taiwan (IRB no.
10504-E01). Consent was specifically waived by the approving
IRB because all personal identifying information was removed
from the dataset, and strict anonymity was maintained before
further analysis.

2.2. Data sources

The National Health Insurance (NHI), operated by the
government since 1995, is a nationwide health care program
with universal coverage in Taiwan. The NHI is a single-payer
insurance plan that covers approximately 99% of the total
Taiwanese population of 23 million people and contracts with
97%of the healthcare providers.[11] The NHI Research Database
(NHIRD), one of the largest administrative health care databases
in the world, was released for research purposes. It contains all
inpatient and outpatient registration and claims data of the NHI
program, including demographic characteristics of patients,
disease-diagnostic and surgery-operation codes (based on the
International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM]), prescription records, and medical
expenditures. In this study, we analyzed the longitudinally linked
NHIRD data, which consisted of a cohort of 1,000,000 randomly
selected enrollees retrospectively followed from 1996 to 2010.
2.3. Design and study participants

This study was designed as a population-based, longitudinal
cohort study to retrospectively analyze patients who underwent
TKR surgery by identifying cases in which the TKR was listed as
the major procedure in the NHIRD database between January 1,
2004 and December 31, 2009 in Taiwan. In total, 3563 patients
who underwent TKR surgery were preliminarily retrieved from
1,000,000 random samples of the NHIRD database (Fig. 1). We
excluded patients who were younger than 40 years and those
diagnosed with cancers before the TKR surgery. After exclusion
filtering, total of 3431 patients remained in our study. To analyze
the complications of TKR patients with a COPD history, the
patients were separated into COPD and non-COPD groups (358
and 3073 patients separately) by using diagnostic codes ICD-9-
CM to identify COPD patients 2 years before the TKR surgery
according to their inpatient and outpatient records. The
admission date for TKR surgery was designated as the index date.

2.4. Confounders

Patient characteristics and comorbidities were considered as
confounders in our study. Characteristics included age, sex, and
2

length of stay (LOS) in hospital for TKR surgery. To examining
comorbidities, each patient was traced back from 2 years to the
index date, which included cardiovascular disease (CVD), CVAs,
chronic kidney disease (CKD), diabetes mellitus (DM), and RA.
2.5. Outcomes and complications

Five outcomes and complications were expected after TKR in
COPD patients, including mortality for 1 and 3 years, wound
infections for 1 and 2 years, hospitalization readmission for
30 and 90 days, PN for 30 and 90 days, and CVA for 30 and
90 days.

2.6. Statistical analysis

Continuous variables are presented as means (with standard
deviations [SDs]), and discrete variables are expressed as
frequencies and percentages. Demographic and comorbidity
variables for the COPD and non-COPD groups were analyzed
using x2 tests and Student t test. Owing to the non-normal
distribution of the LOS variable, a Mann–Whitney U test was
performed to examine the significance. Statistical significance was
indicated by a 2-sided P value of<0.05. Univariate analyses were
performed using the Kaplan–Meier estimator with significance
determined by the log-rank test to compare the survival function
of complications and outcomes for patients who received TKR
among variables such as COPD status, comorbidities, and
demographic variables. To investigate the main effect of COPD
that was associated with complications and outcomes, Cox
proportional hazards regression analysis was conducted by
controlling the significant characteristics identified in the
univariate tests and estimating the hazard ratios (HRs) and
95% confidence intervals (CIs). In the sensitivity analysis, we
conducted separate regression analysis among different age
subgroups (using 65, 70, 75, and 80 years as cutoffs) to determine
how ages affected our findings. All statistical analyses were
performed by using SPSS software (version 15, SPSS Inc.,
Chicago, IL).
3. Results

3.1. Characteristics

A total of 3431 qualified patients who underwent TKR surgery
were identified in this study. The mean (SD) age was 70.1 (±8.4)
years and 74.6% were female. The average LOS was 8.4 (±5.4)
days. The study group consisted of 358 TKR patients with



Table 1

Demographics of patients with/without COPD who underwent TKR.

COPD patients Non-COPD

Characteristic Overall N=3431 N=358 (10.4%) N=3073 (89.6%) P

Age, mean±SD 70.7±8.12 72.56±8.06 69.78±8.07 <0.001
Sex, frequency (%)
Female 2558 (74.6) 222 (62.0) 2336 (76.0) <0.001
Male 873 (25.4) 136 (38.0) 737 (24.0)

Comorbidities, frequency (%)
HTN 2249 (65.5) 272 (76.0) 1977 (64.3) <0.001
CVD 276 (8.0) 64 (17.9) 212 (6.9) <0.001
CVA 488 (14.2) 84 (23.5) 404 (13.2) <0.001
CKD 273 (8.0) 42 (11.7) 231 (7.5) 0.051
DM 896 (26.1) 92 (25.7) 804 (26.2) 0.453
RA 248 (7.2) 33 (9.2) 215 (7.0) 0.081

LOS, days, median±SD 7±5.10 8±5.13 7±5.09 0.004

CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, CVA=cerebrovascular Accident, CVD= cardiovascular disease, DM=diabetes mellitus, HTN=hypertension, LD= liver disease,
RA= rheumatic arthritis, SD= standard deviation, TKR= total knee replacement.
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COPD, and the control group consisted of 3073 TKR patients
without COPD. The comparisons of basic characteristics
between these 2 groups (COPD vs. non-COPD) for patients
who received TKR are shown in Table 1. Patients in the COPD
groupwere significantly older than those in the non-COPD group
(72.56 vs. 69.78 years). In addition, the COPD group had a
smaller proportion of women (62.0% vs. 76.0%) and a higher
prevalence of comorbidities (hypertension [HTN] [76.0% vs.
64.3%], CVD [17.9% vs. 6.9%], CVA [23.5% vs. 13.2%], CKD
[11.7% vs. 7.5%]) than the non-COPD group. Patients in the
COPD group also had a significantly longer LOS in hospitals
(median 8 vs. 7 days).
3.2. Univariate analysis

To find complications in patients with and without COPD who
undergo TKR, the comparisons among 2 groups are listed in
Table 2. The COPD group had a higher percentage of 90-day PN
(3.7% vs. 1.1%), 30-day readmission (7.0% vs. 4.0%), 30-day
CVA (1.7% vs. 0.6%), 90-day CVA (3.9% vs. 2.1%), and 3-year
mortality (3.9% vs. 2.1%) than the non-COPD group. In
addition, possible risk factors for complications including age,
sex, and 5 types of comorbidities were examined. Age was
Table 2

Univariate analysis for risk factors of complications following TKR.

COPD, y/n Age, �59/≥60 Sex, m/f H

1-year WI 2.8/2.9† 13/2.8 4/2.5
∗

2-year WI 2.8/3.8 4.3/3.6 4.7/3.3
∗

30-day PN 1.1/0.6 0.0/0.7 1.3/0.4
∗∗

90-day PN 3.7/1.1
∗∗

0.5/1.5 2.9/0.9
∗∗

30-day RD 7.0/4.0
∗∗

3.8/4.4 6.1/3.7
∗∗

90-day RD 13.7/11.4 13.6/11.4 13.9/10.9
∗

1
30-day CVA 1.7/0.6

∗
0.3/0.8 1.3/1.6

∗

90-day CVA 3.9/2.1
∗

0.8/2.5
∗

3.8/1.8
∗∗

2
1-yr mortality 0.6/0.6 0.8/0.6 0.7/0.5
3-yr mortality 3.9/2.1

∗
1/2.5 4.5/1.6

∗∗

CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, CVA= cerebrovascular ac
RD= readmission, TKR= total knee replacement, WI=would infection.
∗
P<0.05.

∗∗
P<0.01 significant when comparing Kaplan–Meier survival curves between groups by log-rank test

† Presented in percentage (%).
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correlated with 90-day CVA incidence. Interestingly, sex was
associated with most complications except for 1-year mortality.
In terms of comorbidities, CVD exhibited a greater association
with outcome variables including 90-day PN, 30-day readmis-
sion, 90-day readmission, 30-day CVA, 1-year mortality, and 3-
year mortality. The cumulative incidence curves for the COPD
and non-COPD groups are shown in Figure 2. The log-rank test
for 90-day PN and 30-day readmission indicated significant
differences in the complication risks between the COPD and non-
COPD groups, and the cumulative incidence curves showed that
the COPD group exhibited significantly higher incidence rates
than the non-COPD group.

3.3. Multivariate analysis

To estimate the unbiased complication risks associated with
COPD in patients who received TKR, a multivariate Cox
regression analysis was conducted by adjusting for the interfer-
ence effects owing to the comorbidity and demographic variables
that were found to be significant in the univariate analysis
(Table 3). The analysis demonstrated that COPD was associated
with 90-day PN (adjusted HR=2.12, P=0.030) after adjusting
for sex, CVD, and CVA. The adjusted HR of 30-day readmission
TN, y/n CVD, y/n CVA, y/n CKD, y/n DM, y/n

2.7/3.2 3.3/2.9 3/2.8 4/2.8 3.5/2.7
3.5/3.8 3.5/3.6 3.4/3.6 5.4/3.4 4/3.6
0.4/1.1 1.5/0.6 1.2/0.5 0.4/0.6 0.6/0.7
1.2/1.8 4/1.2

∗∗
2.9/1.2

∗∗
2.2/1.3 1.7/1.3

4.1/4.7 7.3/4
∗∗

5.5/4.1 6.4/3.9
∗∗

6/3.7
∗∗

1.6/11.8 17/11.2
∗∗

12.3/11.5 18/11.1
∗∗

13.3/11
∗

0.3/1.5 2.2/0.6
∗∗

2.3/0.5
∗∗

0.7/0.7 0.7/0.8
.8/1.2

∗∗
3.3/2.2 6.8/1.5

∗∗
3.3/2.2 2.5/2.2

0.4/0.3 1.8/0.5
∗∗

1/0.5 1.1/0.5 0.7/0.6
2.3/2.4 5.4/0.02

∗∗
4.9/1.9

∗∗
4.4/2.2

∗
3.5/5.4

∗∗

cident, CVD= cardiovascular disease, DM=diabetes mellitus, HTN=hypertension, PN=pneumonia,

.

http://www.md-journal.com


Figure 2. Cumulative incidence rates of complications including (A) 90-day
pneumonia and (B) 30-day readmission in COPD patients and non-COPD
patients after receiving total knee replacement. The log-rank test demonstrated
significant differences in complication risks between the two groups. The
cumulative incidence curves show that patients with COPD had a higher
incidence rate than those without COPD. COPD=chronic obstructive
pulmonary disease.

Liao and Lu Medicine (2016) 95:37 Medicine
was 1.63 (P=0.028) for the COPD group compared to the non-
COPD group after adjusting for sex, CKD, and DM. Otherwise,
no significant associations with COPD were found for 30-day
CVA, 90-day CVA, and 3-year mortality after controlling for risk
covariates. In the sensitivity analysis (Table 4), the Cox
proportional hazard regression was conducted in different
age subgroups. For patients’ age <75 years, the adjusted
HR of 90-day PN was 4.41 (P=0.001) and the adjusted
HR of 30-day readmission was 2.10 (P=0.011) indicated
COPD patients in this subgroups were more associated with
complication risks.
Table 3

Multivariable analysis by Cox regression of complications following

90-day PN 30-day RD 30-d

HR P HR P HR

COPD 2.12 0.030 1.63 0.028 1.63
Age

∗
— — — — —

Sex 0.37 0.001 0.64 0.011 0.54
HTN — — — — —

CVD 2.32 0.021 — — 2.35
CVA 1.81 0.072 — — 3.83
CKD — — 1.98 0.003 —

DM — — 1.65 0.004 —

CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, CVA= cerebrovascular ac
RD= readmission, TKR= total knee replacement.
∗
Risk factors with P value <0.05 in the univariate analysis were used as adjusted covariates in the m
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4. Discussion

The prevalence of COPD increases with age, along with a steadily
increasing incidence of osteoarthritis. It is important to evaluate
whether patients with COPD have an increased risk of
complications after undergoing TKR. The complications in this
study were measured after the index date and show the
complications in patients with COPD after TKR. Our study
demonstrated that patients with COPDwho underwent TKR had
increased risks of 30-day readmission and 30-day CVA, but no
differences were found for 90-day readmission and 1-year
mortality compared to patients without COPD.
In our study, the average age of COPD patients when they

underwent TKR was 72.56 years, which is younger than the
average age (75.88 years) at which COPD patients received total
hip replacement (THR) in our previous study. Similar to previous
studies, most patients who received TKR, regardless of COPD
status, were older than 60 years and were predominantly
women.[12,13] In our study, HTN was the most common
comorbidity in both groups. Compared to patients without
COPD, patients with COPD had a higher prevalence of HTN,
CVD, and CVA. This phenomenon was also observed in patients
with and without COPD who received THR in our previous
study. According to previous studies, the common comorbidities
in patients undergoing TKR include COPD, diabetes, CVD, and
CVA, but few of these studies have considered their impact on the
prognosis after TKR.[12–15] Our study focused on the impact of
COPDon the prognosis of TKR. The effect of comorbid illness on
mortality and prognosis needs to be further investigated.
A retrospective study in the Medicare Patient Safety Monitor-

ing System showed a trend toward a decreased LOS after TKA
from 4.1 days between 2002 and 2004 to 3.8 days between 2005
and 2007 in 4057 TKA patients.[14] Another study reviewed
patients with TKR performed between April 2001 and December
2004 and excluded patients with an American Society of
Anesthesiologists score of≥3 or with perioperative complications
and showed a LOS of 3.6 days.[16] Husted et al[17] surveyed 1731
patients who underwent TKR or total hip arthroplasty in a well-
described, standardized, fast-track setup from 2004 to 2008 and
found a LOS of 4.6 to 3.1 days. In our study, the LOS in COPD
patients was 8 days, and that in non-COPD patients was 7 days.
Some factors contributed to a longer LOS in our study than in
other studies. First, the population of our study consisted of older
adults with more comorbidities. Second, we included primary
TKR and cases of revision, whereas previous studies only
included primary TKR and excluded revision TKR. Third,
TKR.

ay CVA 90-day CVA 3-year mortality

P HR P HR P

0.327 1.25 0.464 0.82 0.52
— 2.24 0.174 — —

0.142 0.50 0.003 2.54 <0.001
— 2.01 0.190 — —

0.086 — — 2.00 0.02
0.001 3.69 0.001 0.49 0.004
— — — 1.52 0.188
— — — 1.74 0.016

cident, CVD= cardiovascular disease, DM=diabetes mellitus, HTN=hypertension, PN=pneumonia,

ultivariable Cox regression.



Table 4

Sensitivity analysis by Cox regression of complications following TKR.

Age <75 y Age <80 y Age <75 y Age <80 y

90-day PN 90-day PN 30-day RD 30-day RD

HR P HR P HR P HR P

COPD 4.41 0.001 2.59 0.013 2.10 0.011 1.72 0.027
Sex

∗
0.65 0.316 0.40 0.005 0.73 0.190 0.76 0.168

CVD 2.77 0.054 1.63 0.294 — — — —

CVA 2.00 0.155 2.01 0.065 — — — —

CKD — — — — 2.36 0.003 2.29 0.001
DM — — — — 1.69 0.019 1.66 0.019

CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, CVA= cerebrovascular accident, CVD= cardiovascular disease, DM=diabetes mellitus, PN=pneumonia, RD= readmission,
TKR= total knee replacement.
∗
Risk factors with P value <0.05 in the univariate analysis were used as adjusted covariates in the multivariable Cox regression.
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previous studies excluded high-risk populations such as those
with an American Society of Anesthesiologists score of ≥3 or
those with perioperative complications. Fourth, implementation
of a fast-track perioperative program that provides the best
possible evidence-based treatment during hospitalization reduces
the LOS in other countries. In Taiwan, no fast-track program
exists,[18,19] and patients receive rehabilitation in the hospital
rather than home-based rehabilitation.
In our study, the 30-day readmission rate was 4% in the non-

COPD group and 7% in the COPD group. Bini et al[16] reviewed
90-day readmission rates for 9150 patients who underwent
primary TKR or THR between April 2001 and December 2004
and excluded the high-risk population; the readmission rate was
3.5%. Vorhies et al[14] retrospectively reviewed 4057 Medicare
TKA patients from 2002 to 2007 and found a 30-day readmission
rateof 5.6%.Ournon-COPDgrouphad a similar readmission rate
as in these studies, but the COPD group had a higher readmission
rate than the general population. According to our previous study,
patients with COPD also had a higher 30-day readmission rate
after THR than the general population.[20] Patients with COPD
weremore likely to have comorbidities andmultiple comorbidities
than patients without COPD, and this may explain the higher rate
of readmission.Our study findings are a reminder to clinicians and
caregivers that patients with COPD have a high readmission rate
after TKRand that additional closemonitoring and follow-upmay
be important in this population.
Although the number of cases in the present study was small, it

seemed that patients with COPD had a higher risk of CVA after
TKR than the non-COPD patient group. An important risk factor
for CVA is cigarette smoking, and this is also risk factor for
COPD. Otherwise, COPD is a systemic inflammatory disease,
and increased inflammation is a plausible explanation for
CVAs.[21] COPD patients have a higher risk of developing
neuronal damage because of hypoxia or associated comorbid-
ities, and aging along with low brain perfusion contributes to
cerebral damage.[22] The effects of inflammation, aging, and
comorbidities such as diabetes, HTN, and hypoxia may be
synergistic to CVAs, but the underlying mechanisms require
further elucidation. It is necessary to pay attention to CVAs in
COPD patients after TKR. Patients with COPD had a higher risk
of developing PN after TKR than patients without COPD. COPD
is a risk factor for the development of PN, and previous studies of
PN have shown that COPD is a frequent comorbidity. Because
PN is more common when the immunity of lung is already
weakened and immune system does not work properly.[23]

There are some limitations of our study. First, no laboratory
data, including pulmonary function, were present in the database,
5

and the disease severity could not be evaluated in the COPD
population. Because this was a nationwide study, our study group
represents the distribution of COPD in an Asian population in
clinical practice. The study showed complications after TKR in the
general COPD population regardless of disease severity. Second,
the accuracy of NHI claims data for COPD is debatable. Previous
studies have validated the diagnosis accuracy in theNHIRD, and it
appears tobe a validdatabase forpopulation research.[24,25] Third,
this is a retrospective study, and TKR treatment was conducted by
different surgeons andhospitals.Nuances in the surgical procedure
and variations in the postoperative care planwere present. Fourth,
the diagnoses of COPD were identified on the basis of ICD-9-CM
codes and were not validated using pulmonary function test.
Although COPD was defined by ≧3 outpatient or ≧1 discharge
claims records with COPD, the possibility of misdiagnosis still
exists. Otherwise, we described complications occur after surgery.
There are many factors associated with these complications and
other aspects of etiology cannot be ruled out in our retrospective
study. Several factors might have affected the occurrence of
complications, such as severity of COPD and osteoporosis,
surgeon experience and surgeon volume, postoperative care,
rehabilitation program, and level of hospital. A prospective study
with a standardized treatment protocol for each TKR patient with
COPD is warranted for further evaluation. An investigation of the
relationship between COPD severity and complications after TKR
is also needed.

5. Conclusion

This is a nationwide study of a large number of patients that
compared complications after TKR in patients with and without
COPD. Patients with COPD had a higher risk of PN after TKR
than patients without COPD, but no significant differences were
found for CVAs andmortality.We believe that the study provides
valuable information about the complications of TKR in patients
with COPD.
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