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ABSTRACT
Background Coronary artery disease (CAD) is a leading cause of heart 
failure (HF), including HF with severely reduced left ventricular ejection 
fraction (LVEF≤35%). While revascularization may improve outcomes, 
optimal treatment strategies remain uncertain, especially in patients with 
multivessel disease (MVD).
Objective To compare long-term outcomes of percutaneous coronary 
intervention (PCI) versus coronary artery bypass grafting (CABG) in a real-
world cohort of patients with MVD and HF with LVEF ≤ 35%.
Methods In this prospective observational study, 586 patients with 
LVEF≤ 35% were evaluated by a multidisciplinary Heart Team and 
assigned to PCI (n=394) or CABG (n=192). Outcomes over a 6-year of 
follow-up included all-cause mortality, hospitalization for HF, myocardial 
infarction (MI), stroke and need for repeat revascularization (RR).
Results The primary endpoint (all-cause mortality or hospitalization for 
HF) at 6 years was comparable between both cohorts (56.8% vs 64.7% for 
PCI, p=0.06). We found no significant differences in overall rates of death 
between CABG and PCI (40.1% vs 47.4 % for PCI, p=0.09) or 
hospitalization for HF (27.1% vs 32.7% for PCI, p=0.16), however these 
rates were lower in CABG-cohort. Individuals who underwent PCI had 
higher incidences of MI and RR (18.8% vs 9.9% for CABG, p=0.003 and 
25.9% vs 12.5% for CABG, p=0.0002, respectively), while higher rates of 
strokes (9.4% vs 4.8% for PCI, p=0.03) penalized CABG. Furthermore, 
patients who underwent surgery experienced also longer postprocedural 
hospital stay (9.3 (3.1) vs 2.8 (1.4) days, p<0.001). In-hospital mortality 
was nonsignificantly higher in CABG-cohort (5.2% vs 2.3% for PCI, 
p=0.06).
Conclusions Over a 6-year of follow-up, for real-life all-comer patients 
with MVD and severe LV dysfunction, we found no significant differences 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



between surgery or percutaneous approach - all-cause mortality and 
hospitalization for HF were similar, rates of MI and RR favour CABG, while 
patients who underwent PCI were burdened with lower incidence of 
stroke. Nevertheless, an increased perioperative risks in this cohort 
highlight the need for individualized, Heart Team-driven decisions. 
Further randomized-controlled trials to optimize management in this high-
risk population are strongly desirable.

Keywords: multivessel coronary artery disease; heart failure; coronary 
artery bypass grafting; percutaneous coronary intervention; Heart Team

INTRODUCTION Coronary artery disease (CAD) is the most common 
cause of heart failure (HF), including HF with left ventricular ejection 
fraction (LVEF) reduced to less or equal to  35%. [1] HF composes one of 
the main reasons of death and is a leading cause of cardiovascular 
hospitalizations. Current evidence suggests that in some cases, 
revascularisation can result in EF improvement. [2, 3] However, research 
to date does not answer the question of optimal treatment in this group 
adequately. Based mainly on two randomised clinical trials, it seems that 
patients undergoing coronary artery bypass grafting (CABG) have a 
significantly lower risk of death at long-term follow-up than patients 
treated with optimal medical therapy (OMT) alone. It also appears that in 
the subgroup of patients with multivessel disease (MVD), the importance 
of surgical therapy increases. On the other hand, PCI proved similarly 
effective to OMT alone. One of the important factors influencing the choice 
between PCI and CABG is the severity of the disease. [4-6] The European 
Society of Cardiology (ESC) guidelines currently advocate for the use of 
the SYNTAX II score to guide revascularization decisions in cases of left 
main coronary artery (LMCA) disease, however, the optimal treatment 
strategy for patients with intermediate or high SYNTAX II scores remains 
a subject of ongoing debate. [7] Moreover, patients undergoing CABG with 
concomitant left ventricular disfunction are burdened with higher risk of 
early death. [8] Currently, there is an increasing focus on the importance 
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of the Heart Team's (HT) role in decision-making, which allows 
individualization of therapy in cases of the most burdened patients, often 
not enrolled in clinical trials due to exclusion criteria. In addition, this 
approach allows consideration of factors such as the experience of the 
team or the technical capabilities of the centre. The aim of the presented 
study was to compare the 6-year outcomes between PCI and CABG 
revascularization strategies in real-life population with MVD and HF with 
severely reduced LVEF.
PATIENTS AND METHODS The detailed methods and study plan have 
already been described earlier. [9] Briefly, this single-center observational 
study was conducted in the 1st Department of Cardiology, Medical 
University of Warsaw, a large tertiary cardiovascular care center in 
Poland. The inclusion criteria were: aged ≥ 18 years and complete clinical, 
echocardiographic and angiographic characteristics. The exclusion 
criteria included the following: pregnancy/lactation, disseminated 
neoplastic process, life expectancy < 1 year, lack of informed, written 
consent. All of patients were weekly evaluated by a HT composed of 
interventional cardiologists, cardiac surgeons, clinical cardiologists and 
non-invasive imaging specialists and qualified after HT discussion to one 
of three main strategies: CABG with OMT, PCI with OMT or OMT alone. 
Out of a total number of 1509 patients consulted for CAD during 176 HT 
meetings in 2016-2019, we performed final analysis for 586 individuals 
meeting angiographic criteria of severe CAD (3-VD or/and LMD) and with 
recognized advanced HF (LVEF≤35%) qualified after careful HT 
discussion to invasive strategy: either CABG (192 patients) or PCI (394 
patients). Patients managed with OMT alone were not included in the final 
comparative analysis. After implementing surgery of percutaneous 
approach all of patients were followed with OMT defined as using of drugs 
with proven impact on survival or reducing symptoms of CAD. The 
definitions of chronic kidney disease (CKD), severe pulmonary arterial 
hypertension (PAH) and anemia were also described previously. [9] MVD 
was defined as stenosis greater than 70% or between 40-70%, but assessed 
with functional tests (fractional flow reserve (FFR), instantaneous wave-
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free ratio (iwFR) or quantitative flow ratio (QFR)) as haemodynamically 
significant in at least 3 vessels with 1.5 mm or more in diameter, while the 
LMD was defined as LM stenosis equal or more than 50%. As primary 
endpoint an all-cause death or hospitalization for HF was considered, while 
major adverse cardiac or cerebrovascular events (MACCE) [i.e. overall 
mortality, hospitalization for HF, stroke, myocardial infarction (MI), or 
repeat revascularization (RR)] and separate components of MACCE were 
defined as secondary endpoints. The mean (SD) follow-up was equal to 72 
(24) months. The main outline of the study was presented in Figure 1. All 
methods were carried out in accordance with relevant guidelines and 
regulations. The regulations of the Bioethics Committee of Medical 
University of Warsaw were introduced by Order no. 200/2022 of the Rector 
of the Medical University of Warsaw (from October 18, 2022). All 
experimental protocols were approved by the above-mentioned  Bioethics 
Committee of Medical University of Warsaw (in accordance with the 
regulations of the Medical University of Warsaw, including: Order no. 
110/2024 of 03.07.2024 on the protection of personal data at Medical 
University of Warsaw, along with attachment no. 2 and attachment no. 4 
related to this Order.) An informed written consent was obtained from all 
subjects and/or their legal guardian(s).
STATISTICAL ANALYSIS The PQStat software (version 1.6.6, PQStat, 
Poznań, Poland) was used for statistical analysis. The normality of 
distribution for continuous variables was confirmed with the Shapiro–Wilk 
test. Categorical data were expressed as counts and percentages, while 
continuous data were presented as mean and SD. The comparison between 
groups of patients qualified for individual treatment strategies was 
performed using chi-square test and the statistical analysis was executed 
using 1-way analysis of variance (ANOVA). To compare the outcomes for 
all strategies with each other the hazard ratios (HRs) with 95% confidence 
intervals (95% CI) were calculated. Time to event analysis was performed 
using Kaplan-Meier curves. All P values (P) were given to at least 2-sided 
and P value lower than 0.05 were considered statistically significant.
RESULTS
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Study population From January 2016 to the end of 2019, we conducted 
176 HT meetings at which a total number of 586 patients with multivessel 
disease (MVD) and advanced heart failure (LVEF ≤ 35%) were presented 
for qualification to revascularization with coronary artery bypass grafting 
(CABG) or percutaneous coronary intervention (PCI). All patients were 
hospitalized at the time of or before the Heart Team evaluation, either due 
to an acute clinical presentation or for an elective inpatient diagnostic 
work-up. After implementation of CABG or PCI patients were followed up 
for a mean (SD) of 72 (24) months. The mean (SD) age of overall cohort 
was 68.6 (9.8) years, 77.3% were men, 9.9% were frail, mean (SD) body 
mass index (BMI) was equal to 28.0 (3.7) kg/m2. Regarding periprocedural 
risk, the mean (SD) values of EuroSCORE II [European System for Cardiac 
Operative Risk Evaluation II] and STS [Society of Thoracic Surgeons] score 
were 6.1±3.3% and 3.9±2.0%, respectively. Generally, the burden of 
comorbidities were high in both cohorts. Approximately 30% of patients 
had medically treated diabetes, of whom about one third required insulin. 
The prevalence of medically-treated hypertension, dyslipidemia and 
current smoking was relatively high in overall population – 82.4%, 81.6% 
and 22.0%, respectively, with no significant differences between both 
cohorts. A total number of 49 (8.4%) patients experienced a previous 
stroke, while one third had recognized atrial fibrillation (AF) or chronic 
kidney disease (CKD),  163 (27.8%) and 171 (29.2%), respectively. Chronic 
obstructive pulmonary disease (COPD), anemia and peripheral artery 
disease (PAD) in overall cohort were diagnosed in 11.3%, 34.5% and 6.8% 
of patients, respectively. Regarding statistically significant differences 
between CABG and PCI groups, patients qualified for PCI were generally 
more burdened and presented more often with severe PH (12.7% vs. 6.8%, 
P<0.03), prior myocardial infarction (MI) and prior revascularization 
(64.7% vs. 54.7%, P=0.02 and 57.6% vs. 33.9%, P<0.001, respectively), 
and active cancer  (5.3% vs. 0.0%, P=0.001). The advancement of HF was 
higher in PCI-cohort, these patients had statistically significant lower left 
ventricle ejection fraction (LVEF) [29.3% vs. 30.5%, P=0.003] and higher 
severity of symptoms of HF (New York Heart Association (NYHA) class III-
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IV) – 55.3% vs. 45.8% for CABG, P=0.03. Complete revascularization was 
achieved in 60.9% of patients, more frequently in CABG-group than in PCI-
patients (68.8% vs. 57.1%; P=0.007). Baseline clinical characteristics 
(overall and by groups) in details was presented in Table 1.
Angiographic parameters The CAD burden was relatively high in the 
study population. Overall, the mean (SD) number of affected lesions was 
4.7 (1.5), significantly higher in PCI-cohort (4.9 (1.6) vs. 4.2 (1.4) for CABG, 
P<0.001). A total number of 165 (28.2%) patients had significant left main 
disease (LMD), which prevalence was increased for CABG-cohort (34.9% 
vs. 24.8% for PCI, P=0.01). For whole population, a total of 78.8% of 
coronary stenosis involving bifurcation, 33.3% severe calcification and 
27.6% at least one artery considered chronically occluded (chronic total 
occlusion, CTO), all were significantly higher in PCI-cohort. The mean (SD) 
SYNTAX score for overall study population was 31.4 (6.2) points, 
significantly increased in PCI-patients (31.6 (6.3) vs. 30.9 (5.8) points for 
CABG, P=0.02). Details were summarized in Table 2.
Medications on admission and at discharge On admission usage of 
statins and ACE (Angiotensin-Converting Enzyme) inhibitors was 
significantly higher among PCI-patients as compared with CABG-cohort 
(95.2% vs. 83.9% and 78.9% vs. 70.8%, respectively, P<0.001 and 
P=0.03), whilst application ratios of angiotensin receptor blockers (ARBs) 
and beta-blockers (BBs) were similar between these two groups. At 
discharge OMT was administrated for all participants with a higher 
percentage taking P2Y12 inhibitors, statins and aldosterone antagonists in 
PCI-group (P<0.001), while loop diuretics was frequently prescribed for 
CABG-patients (P<0.001). The usage of aspirin, ACE-inhibitors, ARBs and 
BBs was similar in both groups – detailed in Table 3.
Outcomes The primary endpoint (all-cause death or hospitalization for 
HF) at 6 years was comparable between both cohorts (56.8% vs 64.7% for 
PCI, P=0.06) – Figure 2, as well as components of primary endpoint – 
overall mortality or hospitalization for HF, however nonsignificantly 
higher for PCI-cohort. 
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We found no significant difference in in-hospital mortality (5.2% vs 2.3% 
for PCI, P=0.06). Individuals who underwent PCI had higher incidences of 
MI and unplanned RR (18.8% vs 9.9% for CABG, P=0.003 and 25.9% vs 
12.5% for CABG, P<0.001, respectively), while higher rates of strokes 
(9.4% vs 4.8% for PCI, P=0.03) penalized CABG. Furthermore, patients 
who underwent surgery experienced also significantly longer 
postprocedural hospital stay (9.3 (3.1) vs 2.8 (1.4) days for PCI, P<0.001). 
Details were summarized in Table 4.
Due to a higher burden regarding patients treated with PCI as compared 
do CABG group, multivariable logistic regression model was used on the 
full, unmatched dataset, including the following variables: EuroSCORE II, 
STS Score, LVEF, NYHA class, prior MI, prior revascularization, CTO, 
severe calcification and SYNTAX score. The overall mortality was 
comparable between groups with the estimated OR (PCI vs. CABG) 1.05 
(95% CI: 0.55-2.02), p = 0.879. To further strengthen the analysis, 
propensity score matching was performed. Nearest-neighbor matching 
without replacement was applied, pairing 95 CABG patients with 95 PCI 
patients. After propensity score matching, a comprehensive assessment of 
covariate balance demonstrated significant improvement. All baseline 
covariates included before, showed no statistically significant differences 
between the matched PCI and CABG groups. A logistic regression analysis 
was then performed on this matched dataset to estimate the treatment 
effect. The adjusted OR for the treatment variable (PCI vs. CABG) was 0.96 
(95% CI: 0.30-3.06, p = 0.945). This result corroborates the findings from 
the multivariable regression, indicating no statistically significant 
difference in mortality between the matched PCI and CABG groups. In the 
matched adjusted model, higher NYHA class (III or IV) remained a 
statistically significant predictor of the outcome (OR = 6.45, 95% CI: 1.22-
33.98, p = 0.028) - Table 5.
To explore potential heterogeneity of treatment effects, exploratory 
subgroup analyses were performed comparing mortality between PCI and 
CABG across clinically relevant strata, including frailty, diabetes, AF, LM 
disease, CKD, and SYNTAX score strata. In the subgroup of patients with 
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frailty, the ones treated with CABG experienced a substantially higher rate 
of adverse outcomes compared with those treated with PCI (p = 0.0444). 
No statistically significant differences in mortality were observed in 
subgroups with atrial fibrillation, left main disease, chronic kidney disease 
or diabetes. Stratification by SYNTAX score demonstrated a statistically 
significant difference in the intermediate SYNTAX score group (23–32; p 
= 0.0408), with a higher outcome rate observed in PCI-treated patients. 
No significant differences were observed in the low (≤22) or high (≥33) 
SYNTAX score subgroups. The results are summarized in Table 6.

DISCUSSION In the presented work we compared long-term outcomes 
after PCI vs. CABG in real-life population with multivessel coronary artery 
disease and concomitant left ventricular disfunction. The rate of death or 
hospitalizations for HF was not significantly higher in PCI cohort. 
Moreover, once the baseline characteristics are accounted for, there is no 
statistically significant difference in mortality between patients 
undergoing PCI and those undergoing CABG. Differences in favour of 
CABG were observed regarding MI and unplanned revascularization rates. 
As expected, CABG was associated with a significantly longer post-
procedural in-hospital stay, in-hospital mortality and peri-procedural 
stroke. The observed advantages of CABG underline its efficacy in 
ensuring long-term cardiovascular stability and reducing event 
recurrence. 
All patients included in the study were evaluated by the HT. This approach 
enhances the robustness of the findings by mitigating biases related to 
treatment allocation. [9] When deciding on optimal revascularisation 
strategy, one of the arguments considered by the HT is the perioperative 
risk. In our centre, EuroSCORE II is routinely calculated for each patient. 
In the presented baseline characteristics, the difference in perioperative 
risk for each cohort is apparent. Patients undergoing PCI had a 
significantly higher cardiosurgical risk, often being disqualified from 
CABG for that reason. Moreover, the results of revascularization 
procedure including the percentage of complete revascularizations were 
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significantly better in CABG cohort, what also could have influenced the 
long-term results. Interestingly, the occurrence of cardiovascular risk 
factors such as smoking, diabetic status, hypertension or dyslipidaemia 
was comparable in both cohorts, thus, precluding their influence on the 
varying incidence of endpoints. The exploratory subgroup analyses 
suggest that outcomes after PCI and CABG may vary according to both 
anatomical complexity and patient-related factors, such as frailty. 
Although these analyses were not powered to provide definitive subgroup-
specific conclusions, the observed patterns are clinically plausible and 
consistent with current ESC guideline recommendations, which emphasize 
the importance of integrating SYNTAX score, comorbidity burden, and 
clinical vulnerability into revascularization decision-making. Importantly, 
these findings should be interpreted as hypothesis-generating and 
underline the central role of the multidisciplinary Heart Team in balancing 
procedural risk against long-term benefits in patients with multivessel 
disease and advanced heart failure.
Early mortality and length of hospital stay were significantly lower in PCI-
treated patients. While this should come as no surprise, the question is 
whether there are possible measures to more accurately identify the ones 
likely to develop perioperative complications, apart from currently 
available scales. High periprocedural risk of CABG was also observed in 
other similar studies. [10, 11] Due to perioperative risk, the favourable 
effect of CABG vs. OMT was noticeable only at 10-year follow-up in 
STITCHES trial, with an earlier, statistically insignificant trend in this 
direction. [5, 6] Even though complete revascularization can be best 
reached with CABG, the dangers associated with this approach and with 
early post-surgical period remain a significant limitation. In the aging 
society this will be more often an important obstacle. Fortunately, both 
percutaneous and surgical techniques are constantly developing. 
Advances in drug-eluting stents, intravascular imaging, and surgical 
strategies may influence the results over time, so that future comparisons 
should stratify outcomes based on procedural advancements.
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We also observed differences regarding post-procedural treatment i.a. in 
discharge medication profiles between the PCI and CABG groups. They 
likely reflect routine clinical practice patterns and the peri-procedural 
needs of each modality. PCI patients are systematically discharged on dual 
antiplatelet therapy, including a P2Y12 inhibitor, which is essential for 
preventing stent thrombosis and recurrent ischemic events. They typically 
resume or intensify lipid-lowering and HF-modifying therapies promptly 
after the intervention, in line with current guideline recommendations [7, 
12, 13]. Moreover, patients undergoing complex PCI are at a higher risk 
of both stent thrombosis and bleeding, making DAPT duration critical.  A 
relevant meta-analysis evaluating optimal antithrombotic management in 
patients undergoing complex PCI highlights that while these patients 
benefit most from extended DAPT for ischemic protection, the associated 
bleeding risk remains the primary constraint. Shorter DAPT regimens are 
increasingly favoured in high-bleeding-risk contexts [14]. In contrast, 
CABG is a major surgery carrying a higher risk of perioperative bleeding 
and hemodynamic instability. While aspirin monotherapy is often sufficient 
for graft patency in most CABG patients, they frequently require 
postoperative loop diuretics to manage fluid shifts and transient 
ventricular dysfunction. Consequently, certain therapies may be 
temporarily withheld or adjusted due to bleeding risk or renal fluctuations. 
[15, 16] Another factor influencing the antithrombotic therapy is the 
presence of AF which was not infrequent in our cohort. Although we 
performed a subgroup analysis evaluating outcomes according to AF 
status and revascularization strategy, our study was not designed to assess 
the impact of specific antithrombotic regimens. Antithrombotic therapy in 
AF patients varies substantially depending on clinical presentation, 
bleeding and thromboembolic risk, renal function, procedural 
characteristics, and evolving guideline recommendations. Recent evidence 
emphasizes the need for individualized antithrombotic strategies in AF 
patients undergoing revascularization to balance ischemic and bleeding 
risks and underscore that optimization of antithrombotic therapy may 
significantly affect outcomes in this population, independent of 
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revascularization strategy. [15, 17] While our analysis provides insight into 
the comparative outcomes of CABG versus PCI in patients with AF, 
conclusions regarding the role of intensified or tailored antithrombotic 
therapy cannot be drawn and should be further explored in future studies.
Compared to RCTs, real-world populations often have greater 
heterogeneity, including higher comorbidity burdens and anatomic 
complexity. [18] It is further supported by the fact, that patients with HF 
were usually excluded or constituted a minority in the RCTs comparing 
CABG and PCI. [19-22] There are a few studies comparing CABG and PCI 
in HF population, either in the form of retrospective or observational 
studies. A trial similar to ours was recently published, [23] comparing two 
revascularization strategies on Australian and New Zealand cohort with 
CAD and HFrEF. It showed that CABG was associated with a significantly 
reduced relative risk of long-term mortality, even though these patients 
had more often a MVD or LMCA disease. Similarly to our results, longer 
postprocedural hospital stay and higher incidence of perioperative stroke 
were observed in CABG cohort, however 30-days mortality was 
comparable between groups. A different, Canadian retrospective study, 
that included only patients with LMCA disease or MVD, not only showed 
benefit of CABG regarding mortality, but also in terms of subsequent 
revascularisation, hospitalization for MI and hospitalization for HF. [24]  
On the other hand, another register trial showed no significant differences 
in mortality, concluding that PCI may be a safe alternative to CABG. [25] 
The choice between two revascularization strategies is difficult due to a 
lacking data from RCTs, that would directly compare these two 
approaches. It was shown that in patients with CAD and HF, CABG was 
superior to OMT in terms of all-cause death and death from cardiovascular 
causes in 10-years follow up, however with a higher risk of early mortality 
in CABG cohort up to 2 years post-surgery. [5, 6] Revascularization with 
PCI did not show such benefits. [4] Also, a meta-analysis was performed 
based mainly on the observational data, showing the superiority of CABG 
in ischemic left ventricular dysfunction. [26] Yet, the conclusions on which 
invasive management is superior cannot be drawn based on these data, 
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and the RCTs are needed. Current European and American guidelines 
generally advocate for CABG as the preferred revascularization strategy 
in patients with MVD and HF, emphasizing the importance of a 
comprehensive, patient-centred approach in decision-making. [7, 27] 
However, the level of evidence is no higher than B, indicating the need for 
further, higher-value research. The study presented here has few 
important advantages, including its prospective nature and long-term 
follow-up. Even though about half of the patients included in our trial had 
a severe symptom of HF, i.e. class III or IV in NYHA classification, we 
observed better results in a cohort treated surgically. We believe that 
whilst the data provided here would not allow us to unequivocally resolve 
the debate as to which approach is better, they do indicate that the 
consensus to date regarding the superiority of CABG appears to be fair. 
Nonetheless, given the high burden of comorbidities in the population in 
question, a HT consultative decision is essential. From a clinical 
perspective, the present findings support an individualized approach to 
revascularization in patients with multivessel coronary artery disease and 
advanced heart failure, rather than a uniform preference for either PCI or 
CABG – Figure 3.

LIMITATIONS Nevertheless, this study should be considered with the 
following limitations. The first and the most important is its non-
randomized character and single-centre design. Above that, the decisions-
making process has to be assigned to internal, individual HT cooperation 
and cannot be interpreted as a general one. Furthermore, regular use of 
medications by patients undergoing coronary revascularization has a 
significant impact on prognosis, but is not measurable and usually remains 
a matter of trust, therefore the reliability of the achieved endpoints may 
be questioned. Moreover, a substantial proportion of patients discussed by 
the HT were managed with OMT alone and were not included in the final 
analysis. These patients were unsuitable for revascularization. The present 
analysis focuses on patients selected for an invasive strategy, and the 
reported outcomes should not be extrapolated to the entire population of 
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patients with ischemic cardiomyopathy. Patients were not randomized, 
and although multivariable adjustment and propensity score matching 
were applied, baseline differences between those undergoing CABG and 
PCI persisted, necessitating cautious interpretation of between-group 
comparisons. Although recurrent heart-failure hospitalizations and 
competing risks are clinically relevant in this population, the follow up did 
not include the specific data required to perform recurrent-event 
modelling. Only the first occurrence of each clinical endpoint was 
systematically captured. As a result, our time-to-first-event approach may 
underestimate the cumulative burden of HF events and may not fully 
account for competing events that could modify risk estimates. These 
methodological constraints should be considered when interpreting the 
observed treatment differences. Summarizing, due to the nature of 
observational studies, patients qualified for CABG or PCI differed 
significantly in some clinical parameters, therefore the obtained outcomes 
cannot be used as a basis for formulating far-reaching and indisputable 
conclusions and should be viewed as high-quality hypothesis-generating.

CONCLUSIONS This study supports the superiority of CABG over PCI for 
long-term outcomes in patients with multivessel CAD and LV dysfunction. 
These findings are consistent with prior evidence, while highlighting key 
real-world nuances. However, the trade-offs associated with CABG, 
including higher perioperative mortality and longer recovery, necessitate 
individualized, patient-centred decision-making. Future studies, including 
RCTs should focus on refining revascularization techniques and 
incorporating quality-of-life measures to better serve this high-risk 
population.
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TABLES

Characteristics
Overall 
(586)

CABG 
(192)

PCI 
(394)

P 
value

Preprocedural
Age, years; mean(SD)

68.6 (9.8) 67.2 (9.4)
69.3 

(10.0) 0.01
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Gender, male; n(%)
453 (77.3) 155 (80.7)

298 
(75.6) 0.17

BMI, kg/m2; mean(SD)
28.0 (3.7) 27.6 (3.3)

28.2 
(3.9) 0.02

Frailty; n(%) 58 (9.9) 8 (4.2) 50 (12.7) <0.001
Current smoking; n(%) 129 (22.0) 33 (17.2) 96 (24.4) 0.05
COPD; n(%) 66 (11.3) 21 (10.9) 45 (11.4) 0.86

Diabetes; n(%)
177 (30.2) 61 (31.8)

116 
(29.4) 0.57

Diabetes with insulin; 
n(%)

69 (11.8) 25 (13.0) 44 (11.2)
0.51

Hypertension; n(%)
483 (82.4) 157 (81.8)

326 
(82.7) 0.77

Severe PH; n(%) 63 (10.8) 12 (6.8) 50 (12.7) 0.03

Dyslipidemia; n(%)
478 (81.6) 151 (78.6)

327 
(83.0) 0.20

       LVEF, %; mean(SD)
29.7 (4.1) 30.5 (3.7)

29.3 
(4.3) 0.003

       NYHA III-IV; n(%)
306 (52.2) 88 (45.8)

218 
(55.3) 0.03

CKD; n(%)
171 (29.2) 46 (24.0)

125 
(31.7) 0.05

Atrial fibrillation; n(%)
163 (27.8) 41 (21.4)

122 
(31.0) 0.02

Anemia; n(%)
202 (34.5) 64 (33.3)

138 
(35.0) 0.69

Prior MI; n(%)
360 (61.4) 105 (54.7)

255 
(64.7) 0.02

Prior revascularization; 
n(%)

292 (49.8) 65 (33.9)
227 

(57.6) <0.001
PAD; n(%) 40 (6.8) 10 (5.2) 30 (7.6) 0.28
Prior stroke/TIA; n(%) 49 (8.4) 17 (8.9) 32 (8.1) 0.76

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Active cancer; n(%) 21 (3.6) 0 (0) 21 (5.3) 0.001
EuroSCORE II, %; 
mean(SD)

6.1 (3.3) 4.2 (1.2) 7.0 (3.7)
<0.001

STS score, %; mean(SD) 3.9 (2.0) 2.8 (0.9) 4.5 (2.1) <0.001
Presentation ACS,  n (%) 287 (49) 86 (45) 201 (51) 0.1847

Procedural
Complete 
revascularization; n(%)

357 (60.9) 132 (68.8)
225 

(57.1)
0.007

Table 1. Baseline clinical characteristics. ACS – acute coronary 
syndrome; BMI – body mass index; CABG – coronary artery bypass 
grafting; CCS – Canadian Cardiovascular Society; CKD – chronic kidney 
disease; COPD – chronic obstructive pulmonary disease; EuroSCORE II 
– European System for Cardiac Operative Risk Evaluation II; LVEF – left 
ventricle ejection fraction; MI – myocardial infarction; PAD – peripheral 
artery disease; PCI – percutaneous coronary intervention; PH – pulmonary 
hypertension; STEMI – ST-segment elevation myocardial infarction; STS 
– Society of Thoracic Surgeons score; TIA – transient ischemic attack; UA 
– unstable angina.

Angiographic 
parameters

Overall 
(586)

CABG 
(192)

PCI 
(394) P value

Number of lesion; 
mean(SD) 4.7 (1.5) 4.2 (1.4) 4.9 (1.6) <0.001
LM disease; n(%) 165 (28.2) 67 (34.9) 98 (24.8) 0.01
Bifurcation; n(%) 462 (78.8) 142 (74.0) 320 (81.2) 0.04
Severe calcification; 
n(%) 195 (33.3) 45 (23.4) 150 (38.1) <0.001
Total occlusion; n(%) 162 (27.6) 39 (20.3) 123 (31.2) 0.005
SYNTAX score; 
mean(SD) 31.4 (6.2) 30.9 (5.8) 31.6 (6.3) 0.02

Table 2. Angiographic parameters. CABG – coronary artery bypass 
grafting; LM – left main; PCI – percutaneous coronary intervention; 
SYNTAX – Synergy between PCI with Taxus and Cardiac Surgery. 
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Medications on 
admission

Overall 
(586)

CABG 
(192) PCI (394)

P 
value

Statin; n(%) 536 (91.5) 161 (83.9) 375 (95.2) <0.001
ACE inhibitor; n(%) 447 (76.3) 136 (70.8) 311 (78.9) 0.031
ARB; n(%) 128 (21.8) 53 (27.6) 75 (19.0) 0.42
Beta-blocker; n(%) 581 (99.1) 192 (100) 389 (98.7) 0.12

Medications at 
discharge

Overall 
(586)

CABG 
(192) PCI (394)

P 
value

Aspirin; n(%) 531 (90.6) 174 (90.6) 357 (90.6) 1.0
P2Y12 inhibitors; n(%) 369 (63.0) 47 (24.5) 322 (81.7) <0.001
Statin; n(%) 553 (94.4) 172 (89.6) 381 (96.7) <0.001
ACE inhibitor; n(%) 457 (78.0) 142 (74.0) 315 (80.0) 0.100
ARB; n(%) 125 (21.3) 48 (25.0) 77 (19.5) 0.130
Beta-blocker; n(%) 554 (94.5) 177 (92.2) 377 (95.7) 0.080
Loop diuretic; n(%) 442 (75.4) 191 (99.5) 251 (63.7) <0.001
Aldosterone 
antagonist; n(%) 259 (44.2) 46 (24.0) 213 (54.1) <0.001

Table 3. Medications on admission and at discharge. ACE – 
angiotensin-converting enzyme; ARB – angiotensin receptor blocker; 
CABG – coronary artery bypass grafting; P2Y12 inhibitors – clopidogrel, 
prasugrel, ticagrelor; PCI – percutaneous coronary intervention.

Endpoints
Overall 
(586)

CABG 
(192)

PCI 
(394)

P 
value

All-cause death or 
hospitalization for HF, 
n(%)

364 (62.1) 109 (56.8)
255 

(64.7)
0.06

All-cause death, n(%) 264 (45.1) 77 (40.1)
187 

(47.4) 0.09

HF hospitalization, n(%) 180 (30.7) 52 (27.1)
129 

(32.7) 0.16
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MI, n(%) 93 (15.9) 19 (9.9) 74 (18.8) 0.003
Stroke, n(%) 37 (6.3) 18 (9.4) 19 (4.8) 0.03
Unplanned 
revascularization, n(%)

126 (21.5) 24 (12.5)
102 

(25.9)
<0.00

1
In-hospital mortality, 
n(%) 19 (3.2) 10 (5.2) 9 (2.3) 0.06
Postprocedural hospital 
stay, days; mean (SD)

5.0 (2.1) 9.3 (3.1) 2.8 (1.4)
<0.00

1

Table 4. Primary and secondary endpoints. CABG – coronary artery 
bypass grafting; HF – heart failure; MACCE – major adverse cardiac and 
cerebrovascular event; MI – myocardial infarction; PCI – percutaneous 
coronary intervention.

Variable Unmatch
ed OR

Unmatch
ed 95% CI

Unmatch
ed p-
value

Matche
d OR

Matche
d 95% 
CI

Matche
d p-
value

PCI vs. CABG 1.05 0.55 – 2.02 0.879 0.96 0.30 – 
3.06

0.945

EuroSCORE II 2.67 1.52 – 4.69 0.001 2.00 0.59 – 
6.81

0.265

STS score 0.24 0.09 – 0.65 0.005 0.49 0.07 – 
3.73

0.494

NYHA class 
III–IV

8.24 4.07 – 
16.65

<0.001 6.45 1.22 – 
33.98

0.028

LVEF 1.15 1.06 – 1.24 0.001 1.10 0.93 – 
1.29

0.260

Prior MI 0.43 0.20 – 0.91 0.027 0.53 0.12 – 
2.32

0.400

Prior 
revascularizati
on

1.03 0.52 – 2.07 0.925 0.79 0.19 – 
3.27

0.742

Total 
occlusion 
(CTO)

1.87 1.00 – 3.50 0.051 1.38 0.38 – 
5.04

0.623

Severe 
calcification

1.05 0.48 – 2.28 0.908 5.25 0.83 – 
33.21

0.078
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SYNTAX score 0.97 0.92 – 1.04 0.403 0.91 0.79 – 
1.05

0.208

Table 5.
Multivariable logistic regression analysis for all-cause mortality in 
the unmatched cohort and after propensity score matching. Odds 
ratios (ORs) with 95% confidence intervals (CIs) are presented for 
the full, unmatched population and for the propensity score–
matched cohort. 
CABG – coronary artery bypass grafting; PCI – percutaneous coronary 
intervention; OR – odds ratio; CI – confidence interval; EuroSCORE II – 
European System for Cardiac Operative Risk Evaluation II; STS – Society 
of Thoracic Surgeons score; NYHA – New York Heart Association; LVEF – 
left ventricular ejection fraction; MI – myocardial infarction; CTO – chronic 
total occlusion

Subgroup OR (PCI vs CABG) 95% CI p-value
Frailty 0.18 0.03–0.97 0.044
Diabetes 1.01 0.48–2.12 0.382
AF 0.94 0.38–2.30 0.891
LM disease present 0.88 0.42–1.84 0.730
GFR <60 mL/min/1.73 m² 1.09 0.47–2.53 0.836

SYNTAX score

Low (≤22) 1.05 0.42–2.65 0.501
Intermediate (23–32) 2.12 1.03–4.36 0.041
High (≥33) 1.18 0.58–2.42 0.815

Table 6. PCI versus CABG mortality risks within subgroups.
AF – atrial fibrillation; CABG – coronary artery bypass grafting; GFR – 
glomerular filtration rate; LM – left main coronary artery; OR – odds ratio; 
PCI – percutaneous coronary intervention

FIGURES
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Figure 1. The main outline of the study. CABG – coronary artery 
bypass grafting; LMCA – left main coronary artery; MVD – multivessel 
coronary artery disease; OMT – optimal medical therapy; PCI – 
percutaneous coronary intervention.

Figure 2. The primary endpoint – overall mortality or 
hospitalization for HF in both cohorts. CABG – coronary artery bypass 

grafting; PCI – percutaneous coronary intervention.
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Figure 3. Key factors that are considered by the multidisciplinary 
Heart Team when selecting a revascularization strategy in patients 
with multivessel coronary artery disease and advanced heart 
failure.
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