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Abstract
Purpose of review  This paper assesses recent literature on the impact of chronic obstruc-
tive pulmonary disease (COPD) in patients with coronary artery disease (CAD) undergo-
ing revascularization. Specifically, to determine if there is an optimal revascularization 
strategy for this patient population, and if there are other modalities to assess the risks.
Recent findings  There are limited new data in the last year addressing this clinical ques-
tion. Recently there have been a series of studies which reinforced that COPD is a key 
independent risk factor for adverse outcomes after revascularization. There is no optimal 
revascularization strategy; however, there was a nonsignificant signal of potential benefit 
with percutaneous coronary intervention (PCI) with short-term outcomes in the SYNTAXES 
trial. Currently, pulmonary function tests (PFT) are limited in clarifying risk assessments 
prior to revascularization, and there are investigations into the use of biomarkers to pro-
vide further insight into this increased risk of adverse outcomes in patients with COPD.
Summary  COPD is a key risk factor for poor outcomes in patients requiring revasculariza-
tion. More investigations are needed to determine the optimum revascularization strategy.
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Introduction

Chronic obstructive pulmonary disease (COPD) affects 
a significant portion of the US population, roughly 16 
million with an increasing prevalence, and substan-
tially impacts the medical healthcare system in terms of 
hospitalizations and healthcare costs [1, 2]. Recently, it 
is estimated that the total economic cost from COPD is 
49.9 billion each year, with 29.5 billion being related 
to direct health care expenditures [2].
It is well established that COPD is an independent risk 
factor for cardiovascular disease, and ischemic heart 
disease, and one of the leading causes of death in this 
patient population. This relationship is not purely 
driven by smoking associations [1, 3]. One-third of 
patients with ischemic heart disease have chronic 
obstructive lung disease (COPD), and the prevalence 
of ischemic heart disease is two-fold higher in patients 
with COPD than observed in the general population 

[3]. In a population-based study which adjusted for 
smoking, Jousilahti et al. revealed that frequent COPD 
respiratory symptoms were associated with a 50% 
increase in coronary disease-related deaths [4]. This 
has been further validated in a series of studies, dem-
onstrating an increased likelihood for cardiovascular-
related mortality with patients who have daily cough or 
sputum production [4–6]. Additionally, patient survey 
data of self-reported COPD was significantly associated 
with the highest quartile of coronary artery calcium 
score [7]. While the mechanisms behind this associa-
tion are still being investigated, there is clearly an epi-
demiologic association between COPD and coronary 
artery disease (CAD), suggesting an increased risk for 
cardiovascular events that may be linearly related to the 
severity of the underlying disease.

Treatment options: revascularization in COPD: percutaneous 
coronary intervention vs coronary artery bypasses surgery

Not only is COPD associated with cardiovascular disease, but it is a key risk 
factor when evaluating potential revascularization strategies. Even in the early 
days of coronary artery bypass graft (CABG) surgery, COPD was recognized 
as a key comorbidity that contributed to post-surgical complications [8]. 
Initially, severe COPD was considered to be a contraindication for CABG sur-
gery; however, this contraindication was eventually revised [8]. Nevertheless, 
even with advancements in surgical and anesthetic management, recent meta-
analyses have demonstrated that COPD is associated with higher rates of 
post-operative respiratory failure, stroke, renal failure, pneumonia and wound 
infections [9, 10]. Earlier studies showed that COPD patients may experience 
higher mortality rates in the immediate aftermath. Most importantly, patients 
with COPD have reduced long-term survival after CABG compared to patients 
without COPD [9, 10].

These adverse outcomes and the advent of new revascularization tech-
niques promoted a shift in clinical management of patients with CAD that 
required intervention, notably with percutaneous coronary intervention being 
recommended over surgical revascularization [9, 11•]. However, early studies 
suggested that adverse outcomes remain high in COPD patients undergoing 
PCI despite avoiding the associated risks of CABG surgery [11•]. This discrep-
ancy has been reported for some time, and in the last few years there have 
been further studies looking to elucidate optimal revascularization strategy 
along with the overall impact of COPD on long-term mortality [11•].
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One of the more recent high-quality studies that has come out evaluat-
ing this was the SYNTAX Extended Survival (SYNTAXES) Trial, a randomized 
controlled trial which evaluated patients with triple vessel disease or left 
main coronary artery disease from March 2005 to April 2007 [11•]. The trial 
was an international multicenter trial, and eligible patients underwent 1:1 
randomization to CABG or PCI. These patients were then followed for up 
to 10 years, with the goal to evaluate all-cause mortality at 10 years. Second-
ary outcomes of major adverse cardiovascular and cerebrovascular events, 
defined as a composite of all cause death, cerebrovascular accident, myocar-
dial infarction or repeat revascularization at 30 days and 5 years were also 
explored [11•]. COPD was defined in accordance to guidelines established 
in EuroSCORE, a scoring system to predict early mortality in CABG patients. 
Importantly, they used definitions of long-term bronchodilator or steroid 
use for pulmonary disease, with no other symptomatic criteria or pulmonary 
function test evaluation to clarify the type of lung disease [11•, 12].

Of note, only 8.6% of the cohort (154 out of 1800) had COPD as previ-
ously defined. Furthermore, they had higher rates of current smoking, conges-
tive heart failure along with peripheral arterial disease, and patients were less 
likely to be discharged on appropriate goal-directed medical therapy (GDMT) 
such as beta blockers or aspirin compared to patients without COPD [11•]. 
Similarly to prior studies, while patients with COPD had similar outcomes 
at 30 days, they had significantly higher all-cause mortality at 5 and 10 years 
compared to patients without COPD [11•].

However, the study provided conflicting results when it came to evaluating 
the optimal revascularization strategy. With 71 COPD patients randomized 
to PCI and 83 to CABG, initial results showed an elevated 10-year mortality 
regardless of revascularization strategy. While there were trends with major 
adverse cardiac and cerebrovascular events (MACCE) outcomes in COPD 
patients with PCI versus CABG at 5 years (35.9% vs 47.3%, 95% CI 0.44–1.2) 
and 10 years (42.3% vs 43.9%, 95% CI 0.59–1.56), neither of these were 
statistically significant [11•]. After adjustment with a multivariate analysis, 
COPD was an independent predictor of mortality in CABG patients, but not 
in patients undergoing PCI [11•].

There are some significant limitations with this trial, which makes it dif-
ficult to provide clinically relevant insights. Notably, the inclusion criteria 
for the SYNTAXES trial are not specific to COPD and may have included a 
wide range of patients. It is not clear if this trial included patients with other 
types of obstructive lung disease such as asthma or bronchiectasis, or restric-
tive lung diseases such as interstitial lung disease or pulmonary fibrosis to 
name a few. Many of these patients are on chronic bronchodilator or steroid 
therapy and it is not clear how many of these patients were included in the 
trial. A recent study by Zheng et al. published in 2022 highlights an effort to 
investigate the relationship between COPD and CAD revascularization, which 
includes pulmonary function test as a confirmation and definition of chronic 
obstructive pulmonary disease [13]. While only a small portion of the study 
had a PFT-confirmed cohort, this study demonstrated similar results with 
the SYNTAXES trial showing a statistically non-significant trend of increased 
major adverse cardiac events (MACE) in the PFT cohort at 450 days [13]. 
Moreover, there were statistically non-significant trends of increased MACE 
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with increasing GOLD levels of disease severity. All of this emphasizes the 
importance of further studies with stricter inclusion criteria for confirmed 
COPD [13].

Finally, while the SYNTAXES trial may not have been adequately powered 
due to a low percentage of COPD patients, it reemphasized some previously 
established findings. Again, it showed that patients with COPD had increased 
long-term mortality regardless of revascularization strategy compared to 
patients without COPD [11•]. Additionally, the SYNTAXES trial redemon-
strated that COPD was an independent risk factor in CABG patients, but not 
in patients who underwent PCI. Ultimately, while this trial did not demon-
strate an ideal revascularization strategy with patients with COPD, it provided 
useful insights. Without a demonstrable difference in mortality outcomes 
with either strategy, patients with COPD should not be overlooked for pos-
sible surgical evaluation. Lastly, there were trends to suggest a possible benefit 
of PCI over CABG, but further investigations with adequately powered studies 
are needed to further explore this signal.

This is even more important currently as patients come through the 
COVID-19 pandemic, which has had devastating impacts across all aspects 
of our society. In a study by De Luca et al. published in 2022, they performed 
a retrospective registry review of 15,686 patients with STEMI treated by PCI 
from March 2019 to June 2020 [14]. In this study, there was no significant 
difference in in-hospital mortality or 30-day mortality in patients with COPD 
after controlling for baseline characteristics [14]. However, more studies need 
to investigate the impact of COVID-19 on outcomes, as the timeline of this 
study only captured the first few months of the pandemic.

While there are many future questions to be investigated and answered, 
what remains clear is the significant importance of COPD as comorbidity in 
patients with CAD undergoing plans for revascularization. A recent meta-
analysis published in March 2023 by Li et al. analyzed 19 papers over the 
last decade, reconfirming that COPD remains a predictive factor when it 
comes to both short-term and long-term mortality [15]. More studies need 
to be done to clarify optimum revascularization strategies, and the role that 
increasing severity of COPD and medical management of both diseases play 
in the outcomes of revascularization.

Other treatments: perioperative risk assessment

There are several preoperative risk assessment tools used to approach patients 
with COPD that require surgery. The most used calculator, the ARISCAT Risk 
Index, which predicts the overall incidence of postoperative pulmonary com-
plications of any severity and stratifies patients into low-, intermediate-, or 
high-risk [16]. Other calculators are used to establish the risk of only one 
single complication (i.e., Gupta calculator for post-operative respiratory fail-
ure or pneumonia) or are too complex for clinical use and used primarily 
in research settings (i.e., Arozullah respiratory failure index) [17–19]. These 
calculators are used to stratify risk before any proposed surgery, and occasion-
ally identify patients most likely to benefit from risk-reduction interventions 
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prior to surgery. However, unique risk stratification assessment specific to 
cardiac revascularization has yet to be developed.

Prior research has examined the role of preoperative pulmonary func-
tion testing and subsequent risk stratification for revascularization based on 
spirometric COPD severity. Najafi et al. found that patients had increased 
incidence of post-procedure respiratory failure commensurate with increased 
level of COPD severity based on the Society of Thoracic Surgeons (STS) defi-
nition [20]. Their cohort showed an increased number of CAD risk factors 
among patients with higher COPD severity, including hypertension and 
recent MI, which may account for this association. This association was again 
shown by Alam et al. in their 2020 study that concluded that abnormal PFTs 
were associated with poor prognosis; however, their study included all elec-
tive cardiac surgery patients and was not specific to revascularization [21].

Importantly, while preoperative risk stratification based on PFT abnor-
malities may accurately predict outcomes after revascularization, it is not clear 
that spirometry offers any additional insight as compared to the previously 
validated preoperative risk calculators based on patient data that is more read-
ily attainable at the bedside and/or with laboratory values. The practicality of 
PFTs prior to all revascularization procedures would pose a significant impact 
on hospital workflow and resource utilization. Additionally, baseline PFTs 
and COPD severity as a static preoperative measurement are unlikely to be 
an immediately modifiable risk factor prior to an urgently needed procedure 
like cardiac surgery. Furthermore, utllization of pre-operative PFTs in patients 
with comorbid conditions that may alter the baseline pulmonary function 
(e.g., heart failure) could potentially result in undo restriction of lifesaving 
revascularization procedures in individuals who may indeed have the greatest 
benefit. There may instead be more efficient ways to further stratify preopera-
tive risk using less cumbersome biometric and biomarker data that addition-
ally may provide insights into modifiable risks amenable to intervention and 
risk reduction.

Emerging therapies

There have been several proposed mechanisms to explain the differential 
outcomes in patients with COPD who undergo revascularization. The cur-
rent direction of investigative work is exploring the use of biometric data and 
serologic biomarkers in order to risk stratify this patient population, and to 
identify modifiable risk factors or opportunities for therapeutic interventions 
that improve outcomes.

In the CATEPOC study (impact of spirometrically confirmed chronic 
obstructive pulmonary disease on arterial stiffness and surfactant protein 
D after percutaneous coronary intervention), Mailk et al. explored the prog-
nostic association of several physiologic and serologic variables in patients 
with COPD 1 month after discharge from PCI [22•]. The study found that 
overall arterial stiffness as determined by pulse wave velocity was increased 
in patients with COPD as compared to patients without COPD (7.35 m/s 
vs 6.60 m/s, p = 0.006). Prior studies have established that arterial stiffness 
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was a significant predictor of cardiovascular events in the general public and 
an independent predictor of major cardiovascular events in patients with 
ischemic heart disease treated by PCI [23, 24]. Malik et al. also found a sta-
tistically significant increase in circulating high-sensitivity troponin T (Hs-
TNT) and surfactant protein D (SPD) in patients with COPD as compared 
to patients without COPD. Hs-TNT is a marker for cardiomyocyte damage 
that has been shown to have an association with the risk of cardiovascular 
death in patients after a coronary event as well as to affect prognosis after an 
acute exacerbation of COPD. Similarly, the study found an increase in cir-
culating SPD, a glycoprotein secreted by type-2 pneumocytes and expressed 
on endothelium of the cardiovascular system that has been associated with 
increased long-term cardiovascular mortality [25, 26]. The study is limited 
to a single center with predominantly male patients, however, establishing 
the correlation of increased values of arterial stiffness and serum biomarkers 
in those with COPD undergoing PCI is an area for additional prospective 
longitudinal investigation.

Another proposed mechanism for worse outcomes after PCI in patients 
with COPD is the compounded effect of inflammation and oxidative stress. 
This proposed mechanism allows for the consideration of therapeutic 
approaches that may affect outcomes. Aquila et al. have previously reported 
that in patients with stable CAD and concomitant COPD who underwent 
PCI, outcomes after treatment with ticagrelor for 1-month were superior in 
improving biological markers of endothelial function as compared to those 
treated with clopidogrel [27, 28]. In a follow-up study, Aquila et al. have 
explored the mechanism for this beneficial effect and found that treatment 
with ticagrelor led to increased levels of SIRT1 and HES1 mRNAs in periph-
eral blood, two genes that play a protective role in reducing systemic inflam-
mation and oxidative stress [29•]. As compared to other mechanistic hypoth-
eses without readily identifiable therapeutic implications, this association 
warrants additional prospective investigation.

The relationship of inflammation and long-term outcomes for COPD 
patients after PCI has been further explored by Zheng et al. by observing the 
relationship of high levels vs low levels of high sensitivity C-reactive protein 
(hsCRP) on admission and its association with major adverse cardiac events 
(MACE) [30•]. The study found a significant increase in MACE in the high-
level hsCRP group as compared to the low-level hsCRP group (HR 2.47, 
95% CI: 1.22–5.00; p = 0.012). This association could make hsCRP a useful 
biomarker for prognosis in patients with COPD and CAD who require PCI, 
though additional studies to accurately determine the most specific cut-off 
value are necessary.

Conclusions

The bidirectional relationship of COPD and CAD results in a specific subpop-
ulation of patients with uniquely associated risks in undergoing revasculari-
zation procedures. COPD is an independent risk factor for worse outcomes 
following cardiac revascularization, regardless of the chosen revascularization 
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strategy. There is some evidence to suggest that PCI may have better short-term 
outcomes as compared to CABG; however, more investigations are required 
to clarify the significance or impact of this signal for benefit. Additionally, 
the design of these trials must be more selective in defining the diagnostic 
parameters for COPD in order to further clarify the patient population to 
which the results can be applied. Pre-operative risk scores can assist to stratify 
the severity of COPD prior to revascularization; however, further investiga-
tions are needed to help with the development of novel pre-operative risk 
assessment measures and tools. One potential area that may shine light on 
the mechanisms leading to worse outcomes after revascularization in COPD 
patients is an investigation of associated biometric data and serologic bio-
markers. These markers may assist with pre-operative risk stratification and, 
more importantly, may provide insights regarding potential interventions or 
therapies that would lead to risk reduction in post-procedural adverse events.
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