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ABSTRACT

The decision on the best revascularization strategy for patients with multivessel disease has become a complex task as coronary
angioplasty has improved its results. In the following review, we set out to evaluate the variables that, in our experience, define the
benefit of one technique over the other, understanding that in this way the treating physician's decision will become simpler and
more objective. On the other hand, and celebrating the healthy prominence given to patients, we believe that this evaluation allows
solid arguments to help them in decision making.
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RESUMEN

La decisién sobre la mejor estrategia de revascularizacion para los pacientes con enfermedad de multiples vasos se ha tornado una
tarea compleja a medida que la angioplastia coronaria ha mejorado sus resultados. En la siguiente revisién nos propusimos evaluar

las variables que en nuestra experiencia definen el beneficio de una técnica sobre la otra, entendiendo que de esta manera la decisi6n
del médico tratante se hace més sencilla y objetiva. Por otro lado, y festejando el saludable protagonismo que se le da al paciente,

creemos que esta evaluacion permite ofrecer argumentos sélidos para ayudarlo en la toma de la decision.

Palabras claves: Cirugia de revascularizacion miocardica - Angioplastia coronaria - Enfermedad coronaria de multiples vasos

INTRODUCTION

Patients with multivessel coronary disease represent a
frequent challenge for the cardiological medical team
at the time of indicating the need for revascularization
and the way to perform it. With the purpose of provid-
ing evidence for decision making, a review was carried
out of the key points considered when defining the
conduct in daily practice. The following bibliographic
analysis focuses in patients who according to the treat-
ing team require revascularization (Figure 1).

Comparison between angioplasty and surgical
revascularization

Several studies comparing coronary artery bypass
graft surgery (CABG) with percutaneous coronary in-
tervention (PCI) in patients with multivessel lesions

(1-9) show some similarities, as a stable or stabilized
clinical condition for random patient assignment. In
addition, there are differences regarding the technolo-
gy employed to carry out PCI, such as type of stent and
use of intracoronary technology [intravascular ultra-
sound (IVUS), optical coherence tomography (OCT)
or measurement of fractional flow reserve (FFR)],
as well as those related with the surgical technique,
with or without extracorporeal circulation, number
of bridges, arterial conduits and surgical experience.
However, in general terms,

short- and mid-term follow-up have shown a high-
er rate of events with PCI, mainly at the expense of
need for new revascularization and acute myocardial
infarction (AMI), but with minimal differences in car-
diovascular mortality.
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How does coronary anatomical complexity influence in the
decision?

One of the first factors to consider at the time of deci-
sion making in the revascularization strategy of acute
or chronic ischemic heart disease are the characteris-
tics of the coronary anatomy, which should be evaluat-
ed both by an expert in angioplasty as by a surgeon to
decide the feasibility of revascularization. Specialists
should define which lesions will be treated and which
will be impossible to resolve.

To quantify the complexity, the SYNTAX score
was developed with 11 analyzable variables derived
from the coronary angiography. These characteris-
tics generate the score, a continuous variable that
was analyzed in the core study as low (<22), inter-
mediate (23-32) and high (>32) category. (10) In the
original study, PCI revascularization did not reach the
non-inferiority objective when compared with surgi-
cal revascularization. However, when the results at 12
months were evaluated by subgroup analyses, differ-
ences disappeared in patients with low and intermedi-
ate score, with a statistically similar incidence of the
composite event (all-cause death, stroke, AMI or new
revascularization (13.6% vs. 14.7%, p=0.47 for the
low score; and 16.7% vs. 12%, p=0.10 for the inter-
mediate score). (11) In the case of the high SYNTAX
score, this difference not only persisted, but a greater
separation between the curves was observed (23.4%
vs. 10.9%, p<0.001). When the trend for events was
analyzed along time, the differences were preserved
in the 3-year follow-up, and the curves tended to sepa-
rate in favor of the surgical strategy at 5 years. (6)
Therefore, the difference in the rate of major adverse
cardiovascular and cerebrovascular events (MACCE)
started to be significant in patients with intermediate
SYNTAX score, with 110 events (36.0%) in the PCI
arm vs. and 72 (25.8%) in the CABG arm (HR 1.50;
95% CI 1.11-2.01, p=0.008) at the expense not only of
more revascularizations but also of higher AMI rate.
When the rate of events was evaluated in patients with
high SYNTAX score, this difference increased, with
the addition that a significant difference in MACCE
[PCI 126 (44.0%) vs. CABG 80 (26.8%), HR 1.89; 95%
CI 1.43-2.50, p<0.0001] and specifically in cardiovas-
cular death [PCI 38 (13.6%) vs. CABG 14 (4.9%), HR
2.99; 95% CI 1.62-5.52, p= 0.0002] was observed.

Tables 1 and 2 summarize the results of the com-
parative studies with follow-up at 1 and 5 years.

A sub-study derived from the SYNTAX study at 10
years (SYNTAXes) provides data of a more prolonged
follow-up with a low rate of abandonment, as the
study ended with 93% of the population in the CABG
group and 95% in the PCI group. (12) In this study,
the primary endpoint was total mortality at 10 years,
with evident absence of statistically significant global
difference. When subgroups were evaluated, it could
be seen that in patients with left main coronary artery
disease the difference between both arms continued to
be non-significant, while in 3-vessel disease it became

statistically significant in favor of surgery: PCI 151
(28%) vs. CABG: 113 (21%), HR 1.41; 95% CI 1.10-
1.80. (12,13)

In conclusion, it seems that in patients with more
complex coronary anatomy, PCI does not achieve the
same mid-and long-term results as in those with low
or median complexity. The SYNTAX score is a better
predictor of PCI than of CABG outcomes and provides
a good tool to assess the complexity and predict the
results of the former.

How does the possibility of achieving complete
revascularization influence in the decision?
The concept of complete revascularization was tested
in several interventional works, in which it was seen
that the lower the number of unresolved residual ana-
tomical or functional lesions, the better the mid- and
long-term evolution of patients. The residual SYNTAX
score is a good way of rating this incomplete revascu-
larization, and studies have demonstrated that when
the residual value is =8, the rate of events increases
significantly. (14-16) Complete revascularization was
associated with a reduction of ischemic events and
better quality of life, so it is an important factor at the
time of deciding the technique to implement and the
objective to achieve, both for hemodynamic specialists
as well as surgeons.

In most studies, CABG has achieved greater rate
of complete revascularization and this is one of the
potential reasons for its superiority. (17,18)

What is the influence of ventricular function?

In patients with severe ventricular dysfunction, the
importance of complete medical treatment is well
known, with a great body of evidence for multiple
pharmacological groups. When therapeutic strategies
in patients with ischemic-necrotic etiology are evalu-
ated, it is intuitive to consider both surgical and per-
cutaneous revascularization; however, in the evidence
currently available, no studies have been found com-
paring in the same conditions CABG vs. PCI in pa-
tients with ischemic-necrotic disease, exclusively with
severe ventricular dysfunction.

The STICH study compared surgical revasculari-
zation versus optimal medical therapy (OMT) in pa-
tients with left ventricular ejection fraction (LVEF)
<35%. (19) No differences were found in terms of
5-year total mortality, but a statistically significant
reduction of cardiovascular hospitalization and mor-
tality rates was achieved: CABG 58% vs. OMT 68%
(HR 0.74; 95% CI 0.64-0.85, p<0.001). In the 10-year
follow-up (STICHES study, published in 2016) a re-
duction of total mortality was evidenced with surgical
treatment compared with medical therapy: 58.9% vs.
66% (HR 0.84; 95% CI 0.73-0.97, p=0.02). (20) These
findings seem to demonstrate that in the long-term
follow-up, the rate of perioperative mortality loses im-
portance with respect to posterior events.

In the case of percutaneous revascularization, the
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Table 1. Events at 12 months.

Table 2. Events at 5 years.

Variable

Mortality

AMI

Stroke

Revascularization of the

treated vessel

Stent or graft occlusion

AMI: Acute myocardial infarction; NA: not available.

Variable

Mortality

AMI

Stroke

Revascularization of the
treated vessel

Stent or graft occlusion

Study

FAME 3 (1)
SYNTAX (11)
FREEDOM (3)

CARDia (4)
VA CARDS (5)

FAME 3
SYNTAX

FREEDOM

SYNTAX Il

VA CARDS

SYNTAX
FREEDOM
CARDia
VA CARDS
FAME 3
SYNTAX
FREEDOM
VA CARDS
CARDia
FAME 3
SYNTAX
FAME 3

Study

SYNTAX (6)
FREEDOM (7)
CARDia (8)
SYNTAX 11 (9)
SYNTAX
FREEDOM
CARDia
SYNTAX Il
SYNTAX
FREEDOM
CARDia
SYNTAXII
SYNTAX
SYNTAX Il
SYNTAX
SYNTAX I

AMI: Acute myocardial infarction; NA: not available.

Percutaneous

coronary intervention

1.6% (12/757)
4.3% (39/903)
3.3% (32/953)
3.2% (8/254)
7.9% (8/101)
5.2% (39/757)
4.76% (43/903)
5.77 % (55/953)
4.7% (12/254)
4.95% (5/101)
0.5% (5/903)
0.83% (8/953)
0.4% (1/254)
1% (1/100)
0.9% (8/757)
13% (120/903)
12% (117/953)
11% (12/101)
11.8% (30/254)
5.9% (44/754)
3.3% (28/848)
0.8% (6/754)

Percutaneous

coronary intervention

13.9% (129/909)
11.2% (114/953)
14.5% (37/254)
8.1% (36 /254)
9.7% (83/903)
10.2% (98/953)
14.7% (36/254)
2.7% (12/454)
2.4% 20/903
2.1% (20/953)
3.14% (8/254)
2.3% (10/454)
25.9%
13.8% (60/454)
5.2% (47/903)
1.4% (6/454)

Coronary artery
bypass grafting

0.9% (6/743)
3.3% (30/897)
4% (38/947)
3.2% (8/248)
5.15% (5/97)
3.5% (26/743)
3.12% (28/897)
3.16% (30/947)
4.4% (11/248)
13.4% (13/97)
2.11% (19/897)
1.79% (17/947)
2.8% (7/248)
1% (1/97)
1.1% (8/743)
5.5% (50/897)
4.4% (42/947)
11.4% (11/97)
2% (5/248)
3.9% (28/743)
3.4% (27/784)
NA

Coronary artery
bypass grafting

11.4% (94/897)
8.75% (83/947)
12.9% (32/248)
NA
3.8% (33/897)
4.9% (48/947)
7.25% (18/248)
NA
3.7% (31/897)
3.9% (37/947)
4.4% (11/248)
NA
13.7%
NA
3.56% (32/897)
NA



352

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 91 N° 5/ OCTOBER 2023

REVIVED-BCIS2 trial including 700 patients with
LVEF <35% of ischemic-necrotic etiology, with vi-
ability of at least 4 segments in territories of feasible
revascularization, compared the PCI strategy plus
OMT (N=347) vs. OMT alone (n=353). (21) The pri-
mary endpoint at 24 months was a composite of total
mortality and hospitalizations for heart failure. The
incidence of events was similar: 37.2% with PCI vs.
38% in the OMT group (HR 0.99; 95% CI 0.78-1.27,
p=0.96). Neither were there differences observed
in ventricular function measured by transthoracic
Doppler echocardiography at 6 and 12 months nor
in quality of life measured by KCCQ and EQ-5D-5L
scales.

Therefore, when speaking of patients with ischem-
ic-necrotic ventricular dysfunction, no direct conclu-
sions can be drawn on the superiority of CABG over
PCI due to the gap in the evidence. Nevertheless,
retrospective cohort studies are available, as the one
published by Sun et al. in 2020, evaluating 12 113
patients in Ontario, Canada with severely impaired
LVEF of ischemic-necrotic origin, undergoing surgi-
cal or percutaneous revascularization and followed up
for 5 years. (22) After performing a propensity score
to match baseline variables, and with 2397 patients
in each strategy, surgical revascularization superior-
ity was found, with PCI associated to HR 1.6 (95% CI
1.4-1.7, p<0.001) for total mortality; HR 1.4 (95% CI
1.1-1.6, p<0.001) for cardiovascular mortality and HR
2.0 (95% CI 1.9-2.2, p<0.001) for MACCE. The sub-
group analyses evidenced that the difference in total
mortality disappeared in those with complete revas-
cularization.

What is the influence of the coronary syndrome affecting our
patient?

Studies comparing CABG versus PCI were performed
in chronic coronary syndrome or stabilized acute cor-
onary syndrome (ACS) patients. An analysis of the
ACUITY study using propensity score, and including
patients with multivessel disease and moderate and
high risk ACS, showed that those treated with PCI
had a lower rate of periprocedural stroke, AMI, major
bleeding and kidney injury, with a similar long-term
mortality rate, infarction and major cardiovascular
events (MACE). (23)

When the patient presents a condition of hemody-
namic instability, refractory angina or refractory ar-
rhythmias, the best solution appears to be fast sta-
bilization, as less complex as possible. In the absence
of randomized studies in this scenario, PCI seems the
best tool to obtain a satisfactory outcome. (26-28) In
cases in which, from a technical point of view, PCI is
not a suitable stabilization tool, intra-aortic balloon
pump counterpulsation, balloon PCI, intravenous an-
ticoagulant and antiplatelet treatment, as well as use
of negative chronotropic drugs and vasodilators, are
tools available to minimize the risk of events until the
patients reaches CABG.

How does diabetes influence in the decision?

Diabetes is one of the factors more strongly associated
with the genesis of atherosclerotic disease, produc-
ing extensive, diffuse and rapidly progressive vascu-
lar disease. The FREEDOM trial, published in 2021,
was one of the most important studies comparing re-
vascularization strategies in diabetic patients. It en-
rolled 1900 patients (953 in the PCI group and 947 in
the CABG group) with a primary endpoint of MACE
(total mortality, AMI, and stroke) and 2- and 5-year
follow-up. (7) A statistically significant difference was
observed at 5 years in favor of CABG (PCI 26.6% vs.
CABG 18.7%, p=0.005) at the expense of all-cause
death (16.3% vs. 10.9%) and AMI (13.9% vs. 6.0 %)
with a slight increase in stroke events in the CABG
group without statistical significance. A higher rate of
revascularization was observed in the PCI group dur-
ing the first 12 months of follow-up. No changes in the
benefits of surgical revascularization were found with
or without insulin use, but total mortality was higher
in insulin users regardless the strategy employed.

In the 5-year follow-up of the SYNTAX study, a
higher rate of events was obtained in the subgroup
of diabetic patients; however, a statistically significant
difference was only encountered when comparing the
rate of new revascularization. (6) When assessed ac-
cording to the SYNTAX score, this difference was evi-
dent in the group with diabetes even with a low score.

In an observational study published in 2016 based
on data from the Swedish SWEDEHEART registry, a
significant increase in mortality was observed as gly-
cosylated hemoglobin levels increased.(24)

Diabetes appears to affect more negatively PCI
than CABG results, a situation that is magnified the
worse the metabolic control or the complexity of the
disease.

How does the presence of lung disease influence in the
decision?

Chronic obstructive pulmonary disease (COPD) is a
common comorbidity in patients with coronary heart
disease due to the direct relationship between smok-
ing and these last 2 entities. An increase in the event
rate during follow-up in revascularized patients has
been reported in multiple prospective studies, show-
ing increased COPD-related complications linked to
respiratory assistance, with the consequent prolonga-
tion of hospitalizations.

A substudy of the extended SYNTAX study (SYN-
TAXES) evaluated the 30-day event rate, 3-year MAC-
CE and 10-year total mortality in patients diagnosed
with COPD (n=154, 8.7%). A significant increase
in 10-year mortality was observed in patients with
COPD, regardless of the revascularization strategy
(43.1% in COPD vs. 24.9% in non-COPD, p <0.001).
In multivariate analysis, COPD was an independent
predictor of mortality in patients with CABG, but not
in the PCI group. (25) We should not consider COPD
as a dichotomous variable but as a continuum, as can
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Risk

A
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Low anatomical

complexity
Patient frailty

Pulmonary Disease
High Surgical Risk

Clinical Instability

Patient's wishes and preferences

Fig. 1.

be seen in an observational study published by Fus-
ter et al. in 2006. This study observed that in-hospital
mortality after CABG in patients with COPD was di-
rectly related to FEV1, with higher mortality in those
with values below the expected 60%, compared with
those with higher values. (26) COPD was regarded
as a continuous variable, divided into 4 categories ac-
cording to severity adjusted by FEV1 levels (normal,
with FEV1>80%, mild with FEV1 60-80%, moderate
with FEV1 40-59% and severe with values <40%).
The difference in terms of increased mortality started
to be significant in the moderate group.

What is the influence of the patient's age?

Age is one of the main determining risk factors in coro-
nary heart disease. When making decisions regarding
revascularization strategies, not only the greater ana-
tomical complexity resulting from the higher number
of years of exposure should be assessed, but also the co-
morbidities associated with advanced age. The effects
of age at the level of global cardiovascular function
are manifested both directly in the myocardium, with

changes at the molecular, ionic and biomechanical level
(greater rigidity of the cardiac muscle and lower con-
tractile reserve), and at the vascular level, with molecu-
lar changes that promote fibrosis and the replacement
of smooth muscle fibers due to increased collagen depo-
sition, as well as changes in molecular signaling with
lower production of nitric oxide and greater availability
of endothelin-1. (27) All these phenomena, a product of
physiological aging added to a longer period of exposure
to coronary atherosclerosis, promote an environment
with a higher rate of complications and morbidity and
mortality. Thus, it is necessary to evaluate the advan-
tages and disadvantages of the therapeutic strategies
available in this group of patients.

In a substudy of the SYNTAXES extension regis-
try, a subgroup analysis was performed in the popula-
tion >70 years of age (n= 575, 31.9%); 290 randomly
assigned to PCI and 285 to CABG). No statistically
significant differences were observed in total mortal-
ity at 10 years in PCI vs. CABG (44.0% vs. 41.5%) as
well as in MACCE at 5 years (39.4% vs. 35.1%). (27)
This can be explained because older patients per se



354

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 91 N° 5/ OCTOBER 2023

have a higher rate of events due to their greater ana-
tomical complexity, coupled with an increased suscep-
tibility to non-cardiovascular complications.

What is the influence of surgical risk and frailty?

The risk of periprocedural events may minimize the
mid- and long-term benefits of CABG. There are dif-
ferent scores that can identify this risk, but it is al-
ways advisable to evaluate each of the variables that
influence the rate of in-hospital complications and the
ease of outpatient recovery from the surgical proce-
dure. Frailty is a variable incorporated in the last 5
years. A fragile phenotype represents a decrease in
physiological reserve and greater vulnerability. It re-
flects higher biological age and has therefore become a
substantial factor in the evaluation of various special
medical situations and integrated into clinical deci-
sion making. (28-30)

How does kidney function influence in the decision?
Chronic kidney disease (CKD) is common in patients
with coronary heart disease, due to the multiple
shared pathophysiological mechanisms involved in
the genesis of both diseases. In addition to this, con-
comitant kidney disease plays a fundamental role
when assessing risks and benefits in terms of ischemic
and hemorrhagic profiles in the different clinical sce-
narios we face.

In a subanalysis at 5 years of the SYNTAX data-
base, mortality was significantly higher in patients
with CKD compared with patients with normal renal
function after PCI (26.7% vs. 10.8%, p<0.001) and
CABG (21.2% vs. 10.6%, p=0.005). (31) When com-
paring PCI with CABG, a significant interaction with
renal function was found for death (p int=0.017),
but not for the composite of death/stroke/AMI (p
int=0.070) or MACCE (p int=0.15). In patients with
CKD, the rate of MACCE was significantly higher
after PCI compared with CABG (42.1% vs. 31.5%,
p=0.019), driven by repeat revascularization (21.9%
vs. vs. 8.9%, p=0.004) and all-cause death (26.7% vs.
21.2%, p=0.14). In patients with CKD who also had
diabetes, PCI vs. CABG was significantly worse in
terms of death/stroke/AMI (47.9% vs. 24.4%, p=0.005)
and all-cause mortality (40 .9% vs. 17.7%, p=0.004).

These differences could be related to the fact that
CKD patients have a higher risk of thrombotic events
with PCI as a result of different hemostatic proper-
ties, severe atherosclerosis, and limitation in the use
of potent antiplatelet agents. The long-term benefits
of surgery must be balanced with the risk of worsen-
ing renal function, with variables such as contrast
volume, use of extracorporeal circulation, and hemo-
dynamic instability. (32-34)

What is the influence of bleeding risk?

A chronically high bleeding risk determines the possi-
bility of patients receiving prolonged potent antiplate-
let therapy without complications. Patients undergo-

ing complex angioplasties have a considerable risk of
in-stent thrombosis, and therefore benefit from this
treatment. When this situation is associated with the
presence of atrial fibrillation or another indication for
the use of oral anticoagulation, short triple therapy
and dual treatments (antiplatelet + anticoagulant)
for a reasonable period of time should be considered.
(35) Facing a high bleeding risk, which does not guar-
antee the possibility of using some of these schemes,
the risk of continuing with PCI increases significantly
and the option of CABG should be evaluated.

How do patient's wishes influence in the decision?

When defining reperfusion strategies in coronary pa-
tients with multivessel disease, clinical and anatomi-
cal conditions are not the only variables to be consid-
ered when deciding a treatment.

Historically, the relationship between doctor and
patient was framed within an asymmetry of knowl-
edge with a paternalistic model where the physician
decided over the interests and expectations of the
patient which was the best therapeutic strategy. Al-
though this method does not present conflicts for the
physician, it can generate conflicts for the patient. On
multiple occasions, the adverse effects or the outcome
do not end up being satisfactory for the patient and
result in therapeutic failure.

Since 1982 strategies have been designed to im-
prove this type of conflicts, considering both the ex-
pectations of the physician and the patient, which is
called “shared decision making.”

The first publications by Charles et al. refer to the
phrase “It Takes at Least Two to Tango”, and they set
out the main premises of this strategy: 1) Exchange of
information: the physician must clearly present the
available strategies, expressing their advantages and
disadvantages, while the patient must explain individ-
ual preferences and values with respect to his/her ex-
pectations from the treatment; 2) Deliberation: both
participants (physician and patient) openly discuss
the available options; 3) Decision: both participants
jointly make the final decision on what treatment to
perform. (36) Subsequently, multiple models on how
to carry out the shared decision-making strategy were
put into practice, with slight differences from the ini-
tial premise, although all of them respected these 3
elements.

Therefore, it is defined that in this type of deci-
sions, 3 aspects must always be considered: the scien-
tific evidence of the different therapeutic options, the
expectations and values of the patient and the context
in which both the patient and the physician develop.

In our specific case on revascularization strategies
in patients with multivessel coronary artery disease,
various articles have been published using informa-
tion tools for the patient both before and at the time of
consultation, in interactive digital format or on paper,
which are called “Decision AIDS”. (37,38)

When patient preferences and values are discussed
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in conjunction with medical evidence at the time of
choosing revascularization strategies, we can observe
that there is a clear difference in the severity weight-
ing of the different adverse events in the therapeutic
options offered (CABG vs. PCI). In this way we can
clearly see that our opinion regarding the benefits for
the patient should never be taken as correct without
first sharing it with him/her.

Magliano et al. evaluated the differences in the
weight of adverse events in 56 patients hospitalized
for coronary artery disease prior to revascularization,
and 22 cardiologists specialized in ischemic heart dis-
ease. A list of the 14 most frequent adverse events was
made and they were weighted from 1 to 14 by patients
and physicians. These are listed below: 1) atrial fibril-
lation; 2) heart failure; 3) incision scar; 4) hospital stay
5) long-term survival; 6) AMI; 7) periprocedural death
8) post-surgical infection; 9) post-operative angina; 10)
pseudoaneurysm; 11) kidney failure; 12) reoperation;
13) new PCI; and 14) stroke. It was observed that, in
the group of patients, the adverse event weighted as
the most important was acute kidney failure, followed
by peri-procedural death, stroke and then reoperation
and AMI, whereas in the group of cardiologists the
weighting was as follows: peri-procedural death, long-
term survival, stroke, AMI and heart failure.

CONCLUSIONS
When evaluating the revascularization strategy to
choose, we must take into account multiple factors
derived from the patient's characteristics, including
coronary anatomy, baseline conditions, hemorrhagic
risk, comorbidities, preexisting diseases and wishes,
with the aim of achieving the most individualized de-
cision possible that provides more satisfactory results.
That is why we have published this review consid-
ering, in our opinion, the most influential and rele-
vant factors in the choice of a coronary revasculariza-
tion strategy. A summary was made of each of them,
and we analyzed the most recent evidence in each of
the aspects discussed.
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