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Purpose: A relevant proportion of patients undergoing joint replacement surgery for the
treatment of osteoarthritis exhibit COPD. This coincidence may result from an increased
prevalence of both the diseases in elderly patients. In this study, COPD, which is known to be
associated with a variety of comorbidities, and its potential interactions, eg, mediated via systemic
inflammation, are discussed. The purpose of the present study was to identify the role of COPD
as an independent risk factor for complications after total knee and hip arthroplasty.

Patients and methods: In a monocentric patient cohort of 2,760 arthoplasties, propensity score
matching was done using the following factors: sex, age, replaced joint, American Society of
Anesthesiologists’ score, body mass index, hypertension, chronic heart disease, anticoagulation,
diabetes mellitus, chronic renal deficiency, and actual smoking status to create 224 pairs. Both
the pre-matched differences and the results after propensity score matching were statistically
analyzed with p=0.05 being defined as statistically significant.

Results: All confounders were eliminated after matching. Preoperatively measured C-reactive
protein and leukocytes were higher in the COPD group (p<<0.001; p=0.01, respectively).
Intensive care unit admission was higher for COPD patients (p=0.023). Pneumonia occurred
in patients with COPD only (p=0.024). There was a trend (not significant) toward a higher rate
of wound infections, increased transfusion of red blood cells, and a prolonged hospital stay in
patients with COPD.

Conclusion: COPD was associated with an increased length of hospital stay, a higher risk of
pneumonia and wound infection, higher general complications, and an increased need for red
blood cell transfusion. It is thus recommended to enhance the implementation of pneumonia
prevention programs on surgical wards.
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Plain language summary

COPD is a common disease, and its incidence increases with age. With increasing age, the rate of
the degenerative changes in lower limb joints also increases. Thus, the number of COPD patients
undergoing lower limb arthroplasty increases. Subsequent to exhausted conservative treatment
options, joint replacement remains as mainstay of therapy. The purpose of this study was to
determine the role of COPD in these surgical procedures. A statistical matched pair analysis was
used to create 224 pairs of patients with and without COPD. COPD patients had higher serum
C-reactive protein and leukocytes preoperativley. They were more frequently admitted to the
intensive care unit, and the rates of wound infections, the red blood cell transfusions, and the
hospitalization time were slightly higher. Importantly, pneumonia occurred in only the COPD
group. In summary, COPD as a disease is somehow underestimated by the orthopedic surgeons
but can have serious effects in the patients. Pneumonia prevention programs on surgical wards

have already been established and should be used more widely.
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Introduction

COPD is observed in a relevant proportion of elderly patients
undergoing joint replacement surgery. It is associated with
a broad variety of comorbidities including osteoarthritis,
rheumatoid arthritis, and other inflammatory diseases as well
as cardiovascular risk factors and manifest diseases.' There
are mutual interactions between COPD and comorbidities
regarding disease severity and prognosis. Independent of
potential pathophysiological interactions between COPD and
osteoarthritis (eg, systemic inflammation), the prevalence of
both the diseases increases with patient’s age. Thus, COPD
might be a comorbidity and risk factor in elderly patients
undergoing elective arthroplasty.

COPD is mainly caused by cigarette smoking,> but
other factors such as indoor air pollution® or environmental
exposure! can also contribute to the development of the
disease. The prevalence of COPD is higher in elderly
(>75 years) than in younger subjects.’> Osteoarthritis is com-
monly observed in older people,®” which is suggestive of a
large overlap of both the diseases. The prevalence of COPD
in the adult population is about 10%, with heterogeneity
across centers and sex.®

Currently, joint replacement surgery is the predominant
type of therapy for osteoarthritis of the lower joints. An
increasing incidence is suspected for the upcoming years’
with more than 300,000 joint replacements being performed
in Germany annually.!® Tt is well-known that smoking
increases the risk of complications in both hip'' and knee
replacement surgeries.'> These complications appear to be
mediated by an impaired inflammatory response.'* Patients
with COPD have higher rates of surgery-related complica-
tions than patients without COPD.!* However, whether the
presence of COPD is an independent risk factor regardless of
the smoking status is yet unknown. The results of this study
may impact approximately 30,000 (10%) patients annually
in Germany alone.

The aim of this study was to evaluate the risk factors and
complications in a propensity score-matched population, with
and without COPD, receiving lower limb arthroplasty.

Patients and methods

A total of 2,760 patients receiving primary total knee or hip
arthroplasty between January 1, 2010, and December 31,
2014, have been included in this monocentric study. The
hospital was an orthopedic clinic with a capacity of 80 beds,
specialized in large joint arthroplasty. Patients undergoing
revision surgery, fracture, and tumor prostheses were excluded

from the study. Thus, a total of 1,416 hip replacements and
1,344 knee replacements data were examined. All knee
replacements were performed using the medial parapatellar
approach, and only cemented and cruciate retaining primary
implants were used. Hip replacements were done through the
direct anterior approach in 847 patients (59%) and through
the anterolateral Watson-Jones approach in 569 cases (41%).
Data about the in-hospital stay were collected and ano-
nymized. Preoperative assessed data were derived from the
patients’ history and the anesthesiological evaluation. Based
on these data, 224 patients with COPD were identified. Due
to the retrospective nature, data on COPD severity level were
only partial or outdated and were disregarded. The flowchart
of patient selection is shown in Figure 1. The diagnosis was
derived from the patient’s history or based on the anesthe-
siologist’s discretion of the individual medication. Patient
matching was done in a 1:1 manner by using the following
confounding characteristics: sex, age, replaced joint, Ameri-
can Society of Anesthesiologists’ (ASA) score, body mass
index (BMI), arterial hypertension, chronic heart disease,
anticoagulation, diabetes mellitus, and chronic renal defi-
ciency. ASA score was determined by the anesthesiologist.
Postoperative admission to the intensive care unit (ICU) was
the individual decision of the anesthesiologist and was based
on multiple factors such as occupancy of the ICU, prolonged
surgery, and time of surgery during the day. Development of
nosocomial pneumonia was well documented with laboratory
results and X-rays, in accordance with the guidelines.'

2,760 patients received a
unilateral THA (1,416) and TKA (1,344)

A 4

2,536 patients
excluded
without COPD

A 4

224 patients with COPD

Propensity score matching based on:
sex, age, replaced joint, ASA, BMI,
arterial hypertension, anticoagulation,
diabetes, chronic renal disease, and
smoking

) l

224 matched patients
with COPD

224 matched patients
without COPD

Figure | Flowchart of the patients included in the study and patient matching.
Abbreviations: ASA, American Society of Anaesthesiologists; BMI, body mass
index; THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Statistical analysis and propensity score

matching

In order to account for all the covariates and thus to reduce
the bias in an uncontrolled, retrospective cohort, propensity
score matching was performed.'® To obtain propensity
scores of COPD, a univariate logistic regression analysis
using the 10 variables presented in Table 1 was performed.
Comparisons between the two groups were performed using
the y* test for categorical variables and one-way analysis
of variance or Student’s #-test for continuous variables.
Before matching, the BMI of non-COPD patients was
lower, the rate of all preoperative comorbidities was lower,
and average ASA score was much lower (Table 1). After
propensity score matching, no differences were found in the
demographic data and preoperative risk factors between the
two groups (Table 1). Regional anesthesia was the predomi-
nant method in both the groups.

Data were analyzed by using SPSS version 23.0 (IBM
Corporation, Armonk, NY, USA). Data were expressed as
mean * standard deviation (SD) and median with ranges or
proportions. Statistical significance was set at p=0.05.

Ethics approval and informed
consent

The study was reviewed and approved by the ethical com-
mittee under the accession number F-2015-010 by the
Ethical Board of the Medical Chamber of Stuttgart, Baden-
Wiirttemberg, Germany. Patient consent was not required
for a retrospective data analysis. Patient data have been
collected in a pseudonym fashion. Only the first author has
access to patient names.

Results

The mean age (£SD) of the complete cohort was 69.6 (£9.9)
years, the patient age in the matched cohorts was minimally
higher, that is, 71.0 (£9.25) years for non-COPD and 70.6
(£9.2) years for COPD patients (Table 1). The complete
cohort included 1,088 men (39.4%), and the matched cohorts
had a slightly lower proportion of male patients (36.6%,
82 individuals). The COPD group had a 1.9£1.3 kg/m?
higher average BMI than the complete cohort; however, the
matched cohort had almost the same BMI (Table 1). Regional
anesthesia was used in 66% of'the cases (Table 1). One of the
most impacting confounders is the number of ASA 3 patients
within the cohort. The difference between the COPD group
and the unmatched cohort was 27.9% versus 60%. By patient
matching, this confounder has been eliminated (p=0.420).
In total, all confounders were equalized by the propensity
score matching.

Preoperatively measured C-reactive protein (CRP) was
higher in the COPD group and was statistically significant
(Table 2). The same applies for the leukocytes (Table 2). The
CRP measurement in the COPD group is, however, slightly
above the normal range of <5 mg/L.

COPD patients had a higher risk of ICU admission post-
operatively (p=0.023), although no difference in the length
of ICU stay occurred (Table 2). Pneumonia occurred only
in the COPD group for a total of five times with a clear sta-
tistical difference (p=0.024) (Table 2). Three of the patients
with pneumonia were admitted to the ICU directly postop-
eratively, and two were not. The patients who developed
pneumonia during the hospital stay had an average length
of stay of 19.2+5.3 days.

Table | Preoperative characteristics and risk factors for study patients

Variables All study patients Matched groups

Non-COPD COPD group p-value Non-COPD COPD group p-value

group (n=2,536) (n=224) group (n=224) (n=224)
Age (years) 69.5+9.8 70.619.2 0.116 71.0£9.25 70.619.2 0.647
Male, n (%) 1,026 (40.4) 82 (36.6) 0.600 82 (36.6) 82 (36.6) 0.883
BMI (kg/m?) 28.61+5.2 30.5+6.5 <0.001 30.246.2 30.5+6.5 0.634
THA, n (%) 1,419 (51.4) 106 (47.3) 0.262 104 (46.4) 106 (47.3) 0.962
Regional anesthesia, n (%) 1,614 (63.6) 141 (62.9) 0.900 149 (66.5) 141 (62.9) 0.574
Arterial hypertension, n (%) 1,936 (70.1) 185 (82.5) 0.537 190 (84.8) 185 (82.5) 0.824
Anticoagulation, n (%) 630 (22.8) 67 (29.9) 0.018 66 (29.4) 67 (29.9) 0.970
CHD, n (%)* 533 (19.3) 81 (36.1) 0.027 76 (33.9) 81 (36.1) 0.722
Diabetes mellitus, n (%)* 422 (15.2) 49 (21.8) 0.951 58 (25.9) 49 (21.8) 0.299
CRD, n (%) 498 (18) 57 (25.4) 0.814 52 (23.2) 57 (25.4) 0.536
ASA 3, n (%) 771 (27.9) 136 (60) <0.001 133 (59.3) 136 (60) 0.420

Note: “Risk factors.

Abbreviations: BMI, body mass index; THA, total hip arthroplasty; CHD, chronic heart disease; CRD, chronic renal disease; ASA 3, American Society of Anaesthesiologists’

score 3.
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Table 2 Differences in postoperative complications and

parameters
Variables Non-COPD COPD p-value
group group
(n=224) (n=224)
CRP, preoperative (mg/L) 4.41+£3.79 6.5516.88  <0.001
Leukocytes, preoperative x 10°/L  7.19£2.191 7.7612.46 0.010
Intensive care admission, n (%) 94 (41.9) 119 (53.1) 0.023
Pneumonia, n (%) 0 (0) 5(2.2) 0.024
Length of stay, days, n (%) 13.76 (6.4) 14.13 (6.5) 0.556
Length of stay in ICU, days, n (%) 1.02 (0.2) 1.03 (0.2) 0.075
General complication rate, n (%) 36 (16.0) 47 (20.1)  0.255
Wound infection rate, n (%) 4(0.17) 7 (0.3) 0.353
Transfusion rate, n (%) 20 (8.9) 30 (134) 0.126

Abbreviations: CRP, C-reactive protein; ICU, intense care unit.

Discussion

To identify the risk factors and postoperative complications
of COPD and non-COPD patients undergoing lower limb
arthroplasty, a propensity score-matching analysis was
performed. It was shown that both CRP and the leukocyte
count at preoperative assessment were significantly higher
in patients with COPD than in patients without COPD. This
may reflect a chronic state of low-level inflammation in
these patients.

Using propensity score matching, differences between
both the groups were observed. During the preoperative
assessment, both proinflammatory markers, that is, CRP
and leukocytes, were significantly higher in COPD patients,
which may represent a chronic state of the disease."’

Perioperative admission to ICU was more frequent in
patients with COPD when compared to patients without
COPD, which is comparable to a previous report.'

The rate of pneumonia in the present study was 1.1%
overall, or 2.2% in the COPD group. A large recent retro-
spective analysis showed an overall pneumonia rate of 0.3%"
and did not analyze COPD patients specifically. Pneumonia
mortality rate was 4%, an occurrence not observed in
our study.

The proportion of regional anesthesia was similar in
both the groups; however, pneumonia occurred only in
COPD patients. Even though the number of these patients
was low, the difference was statistically significant. Two of
these patients received general anesthesia and three patients
received regional anesthesia. It has been shown that reduced
use of general anesthesia lowers postoperative pneumonia
in COPD patients.?

Although not statistically significant, the increased
wound infection rate, and need for red blood cell transfusion,
and overall complication rate were all higher in the COPD

group. To confirm these differences, larger COPD cohorts
are needed, especially in orthopedic surgery.

In two studies, an increased hospital readmission and
pneumonia rate (1.1% vs 3.7%), as well as an increased
length of stay, but no higher infection or mortality rate was
observed.?'?> However, the study was a nationwide case—
control study without propensity matching and with different
groups as well as unaddressed confounding factors.

Besides these studies,?’* no other studies have been
published, evaluating COPD as a risk factor in orthopedic
surgery, regardless of the actual smoking status. The strength
of the present study is a large monocentrical cohort, with
standardized procedures, pre-, intra-, and postoperatively.
The main limitation of the study is the retrospective and
uncontrolled nature. However, the confounding factors were
drastically reduced using patient matching except for ICU
admission, which was an individual decision of the anesthe-
siologist, not based on a clinical necessity. Another limita-
tion that would certainly be of great statistical significance
is the lack of COPD severity levels, due to the retrospective
nature of the study.

The implications of this study, applied nationwide in
Germany, mean that 660 patients with COPD would develop
pneumonia during their hospital stay after lower limb arthro-
plasty and 26 patients would die as a direct result of their
COPD. Pneumonia prevention programs on surgical wards
are already used and include deep breathing exercises, oral
hygiene with chlorhexidine, 30° upright position for eating
with education for both the staff and the patient. Applying
these techniques, the pneumonia rate can be reduced between
40% and 80%.%*

We recommend a wider implementation of these meth-
ods to reduce the pneumonia rate in COPD patients after

surgery.

Conclusion

Although somewhat underestimated by the orthopedic sur-
geons, COPD as a risk factor potentially bears serious impli-
cations on the patients, including a longer length of hospital
stay, a higher risk of pneumonia and wound infection, and a
higher general complication and red blood cell transfusion
rate. A larger cohort prospective study should be performed
to assess the role of COPD as an independent risk factor.
Implementation of the pneumonia prevention programs on
surgical wards should be more widespread.
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