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Outcomes of a hybrid approach of percutaneous coronary
intervention followed by minimally invasive aortic valve
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Background: In patients requiring coronary revascularization and aortic valve replacement, a combined
approach of percutaneous coronary intervention followed by minimally invasive aortic valve replacement
may be a viable treatment strategy.

Methods: The outcomes of 123 consecutive patients with significant coronary artery and aortic valve
disease, who underwent percutaneous coronary intervention followed by elective minimally invasive aortic
valve replacement between February 2009 and April 2014, were retrospectively evaluated.

Results: The cohort consisted of 80 males and 43 females, with a mean age of 75.7+8.1 years. Drug-eluting
stents were used in 69.9% of the patients, and 64.2% were on dual anti-platelet therapy at the time of aortic
valve replacement. Within a median of 39 days IQR 21-64), 83.7% of the patients underwent primary and
16.3% underwent re-operative minimally invasive aortic valve replacement. Post-operatively, there was 1
(0.8%) cerebrovascular accident, 1 patient (0.8%) required a re-operation due to bleeding, and 2 (1.6%)
developed acute kidney injury. Thirty-day mortality occurred in 2 (1.6%) patients. Follow-up was available
for all of the patients, and at a mean follow-up period of 14.3+£12.5 months, 4 (3.3%) had an acute coronary
syndrome, and 1 (0.8%) required a repeat target vessel revascularization. The actuarial survival rate at 1- and
3-year was 92.7% and 89.4%, respectively.

Conclusions: In a select group of patients with coronary artery and aortic valve disease, a combined
approach of percutaneous coronary intervention followed by minimally invasive aortic valve replacement can

be safely performed with excellent short-term and midterm outcomes.
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Introduction

Minimally invasive valve surgery (MIVS), by its less
traumatic nature, has been demonstrated to significantly
reduce blood loss, morbidity, post-operative pain, intensive
care unit and hospital lengths of stay, and healthcare
expenditures, while enhancing post-operative recovery,
when compared with a traditional median sternotomy
approach (1-3). It may be that these benefits are increased
in patients with more comorbidity, or those undergoing
higher-risk procedures (4-8).

In patients with concomitant coronary artery and
valvular disease, the performance of percutaneous coronary
intervention (PCI) permits the use of MIVS (PCI + MIVS).
The goal of utilizing an approach of PCI + MIVS is the
avoidance of a standard median sternotomy required to
perform coronary artery bypass (CABG) and valve surgery,
which potentially reduces the operative risk of the patient. This
concept of reducing the total risk of a single major operation
to the less invasive procedures of PCI+MIVS has been applied
in clinical practice and reported by various groups (9-16).

When compared with a standard median sternotomy
coronary artery bypass and valve surgery, an approach of
PCI + MIVS has been demonstrated to significantly reduce
post-operative complications, and shorten the intensive care
unit and hospital lengths of stay (12). Herein, we present
our experience utilizing this method in a consecutive series
of patients with coronary artery disease requiring isolated
aortic valve replacement.

Methods

After obtaining approval from the Mount Sinai Medical
Center Institutional Review Board, the outcomes of patients
with concomitant coronary and aortic valve disease that
underwent PCI + MIVS, from February 2009 and April 2014,
were retrospectively evaluated. The baseline characteristics,
echocardiographic, PCI, and operative variables, and post-
operative outcomes were reviewed. If a patient was planned
to have PCI + MIVS, but required conversion to median
sternotomy, that patient was included in the study to conform
with an intention-to-treat analysis. All patients had an
outpatient follow-up visit 30 days after surgery. Thereafter,
follow-up data were obtained by accessing the local electronic
health records, office follow-up visits, and by a follow-up
telephone survey every 6 months using an Institutional
Review Board approved questionnaire. Additionally, vital
status was assessed using the Social Security Death Index.
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The variables and outcome definitions were selected based
on the Society of Thoracic Surgeons (STS) Database
version 2.73.

In all patients, the coronary anatomy and valvular
lesions were documented by diagnostic catheterization and
transthoracic and/or transesophageal echocardiography,
respectively. The PCI consisted of angioplasty with
or without stenting of all the angiographically or
hemodynamically significant lesions in the native vessels
and/or bypass grafts. In all the patients, a loading dose
of 600 mg of clopidogrel and 325 mg of aspirin was
administered prior to stent placement, followed by
clopidogrel 75 mg daily and aspirin 81 to 325 mg daily,
thereafter. The pre-operative anti-platelet regimen was
resumed on day one or two post-operatively after MIVS.
Our surgical approach has been described previously, and
consists of a right anterior thoracotomy (12).

Statistical analysis

The patient demographics and operative data were
expressed as the mean =1 standard deviation (SD), or
median and interquartile range (IQR, 25-75%), as
appropriate. A Kaplan-Meier analysis was performed to
estimate actuarial survival after PCI+MIVS. The statistical
analyses were conducted using Statistical Package for Social
Sciences, version 21 (SPSS Inc., Chicago, IL).

Results

There were 123 patients identified who underwent PCI +
MIVS, of which 80 (65%) were male and 43 (35%) were
female, with a mean age of 75.7+8.1 years. The median left
ventricular ejection fraction and preoperative creatinine
were 60% (IQR, 55-65) and 1.0 mg/dl (IQR, 0.9-1.3),
respectively. There were 20 patients (16.3%) with a history
of previous cardiac surgery, of which previous coronary
artery bypass graft surgery had been performed in 12 (9.8%)
patients, previous valve surgery in 6 (4.9%), and 2 (1.6%)
had previous combined coronary artery bypass graft surgery
and valve surgery (Table 1).

Single and multi-vessel PCI was performed in 98 (79.7%)
and 25 (20.3%) patients, respectively. The majority of
interventions were performed in the native coronary
arteries, with the most commonly treated vessels being
the left anterior descending coronary artery in 59 (48%)
patients, and the right coronary artery in 41 (33.3%).
Drug-eluting stents were placed in 86 (69.9%) patients,
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Table 1 Patients baseline characteristics Table 2 Percutaneous coronary intervention characteristics
Variable N=123 Variable N=123
Age (years, mean + SD) 75.7+8.1 Number of stents (mean = SD) 1.4+0.7
Males 80 (65%) Drug eluting stent 86 (69.9%)
Hypertension 118 (95.9%) Bare metal stent 35 (28.5%)
Diabetes mellitus 48 (39%) Plain balloon angioplasty 2 (1.6%)
Dyslipidemia 111 (90.2%) Left anterior descending coronary artery 59 (48%)
Cerebrovascular disease 27 (22%) Proximal left anterior descending coronary artery 34 (27.6%)
Peripheral vascular disease 27 (22%) Left circumflex coronary artery 40 (32.5%)
Congestive heart failure 17 (13.8%) Right coronary artery 41 (33.3%)
Left ventricular ejection fraction (%, median, IQR) 60 [55-65] Ramus intermedius coronary artery 1(0.8%)
Preoperative creatinine (mg/dl, median, IQR) 1.0 [0.9-1.3] Diagonal coronary artery 7 (5.7%)
Body mass index (kg/m®, mean + SD) 29+5 Protected left main coronary artery 3 (2.4%)
Prior coronary artery bypass graft surgery 12 (9.8%) Saphenous vein graft 3 (2.4%)
Prior valve surgery 6 (4.9%) Single vessel percutaneous coronary intervention 98 (79.7%)
Prior combined coronary bypass graft surgery 2 (1.6%) Two vessel percutaneous coronary intervention 22 (17.9%)
and valve surgery Three vessel percutaneous coronary intervention 3(2.4%)
iF:hei_b?t‘:) L:rative angiotensin converting enzyme 29 (23.6%) Time from percutaneous 'coronary interventionto 39 [21-64]

valve surgery (days, median, IQR)
Pre-operative beta blocker 79 (64.2%)

Pre-operative aspirin 104 (84.6%)

Pre-operative clopidogrel 98 (79.7%)

Pre-operative dual anti-platelet therapy 79 (64.2%)

SD, standard deviation; IQR, interquartile range.

bare metal stents in 35 (28.5%), and balloon angioplasty
only was performed in 2 (1.6%), respectively. All patients
were clinically stable for both the PCI and valve surgery.
The median time between the PCI and MIVS was 39 days
(IQR, 21-64). At the time of valve surgery, 79 (64.2%)
patients were on dual anti-platelet therapy (Table 2).

The median aortic cross-clamp and cardiopulmonary
bypass times were 81 (IQR, 70-97) and 109 minutes
(IQR, 92-131), respectively. The median number of packed
red blood cells transfused intra-operatively was 1 unit
(IQR, 0-2). Conversion to median sternotomy was
performed in 1 patient (0.8%), due to poor surgical field
exposure, and is included in the present intention to
treat analysis (Table 3). The median intensive care unit
length of stay was 44 hours (IQR, 26-71). Post-operative
complications included 16 (13%) patients with prolonged
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SD, standard deviation; IQR, interquartile range.

mechanical ventilation, 30 (24.4%) with post-operative
atrial fibrillation, 1 (0.8%) with a cerebrovascular accident,
1 (0.8%) with re-operation for bleeding, and 2 (1.6%)
with acute kidney injury. The median total hospital length
of stay, which included the hospital days for the PCI
interventions, was 7 days (IQR, 6-9). Thirty-day mortality
occurred in 2 (1.6%) patients (Table 4).

Follow-up was available in 100% of the patients. At
a mean follow-up of 14.3+12.5 months, acute coronary
syndrome occurred in 4 (3.3%) of the patients, and 1 (0.8%)
patient required a repeat target vessel revascularization
(Table 5). The actuarial survival rate at 1 and 3 years was
92.7% and 89.4%, respectively.

Discussion

The prevalence of significant coronary artery disease is
estimated to be 25% to 50% in patients with operable
valvular heart disease, for which the most common
treatment is a combined CABG and valve surgery via a
median sternotomy (17,18). In patients requiring aortic valve
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Table 3 Operative characteristics
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Table 5 Follow-up outcomes

Variable N=123 Variable N=123
Femoral artery cannulation 107 (87%) Time to follow-up (months, mean + SD) 14.3+£13
Axillary artery cannulation 6 (4.9%) Acute coronary syndrome 4 (3.3%)
Central cannulation 10 (8.1%) Target vessel revascularization 1(0.8%)
Aortic cross-clamp time 81 [70-97] Cerebrovascular accident 4 (3.3%)
inutes, median, IQR e . .
(minutes, median, IQR) Hospitalization due to congestive heart failure, 8 (6.5%)
Cardiopulmonary bypass time 109 [92-131] acute coronary syndrome, or bleeding
(minutes, median, IQR) SD, standard deviation.
Patients requiring intra-operative 56 (45.5%)
packed red blood cells transfusion
Intra-operative packed red blood cells 1[0-2] of peri-operative morbidity, due to thoracic adhesions, injury
(units, median, IQR) to patent coronary bypass grafts, and challenging surgical
Conversion to median sternotomy 1(0.8%) field ?xposure, amongst other factors (21,22).. As a result, a
combined approach of PCI + MIVS has been introduced as a
IQR, int rtil . . .
QR, interquartile range possible alternative treatment strategy.
The present study demonstrates that PCI+MIVS for
Table 4 Post-operative outcomes coronary artery (Ellsease and aqrtlc Valv'e replacefn('ent can
be performed with a low peri-operative morbidity and
Variable N=123 . . .
thirty-day mortality, and a good follow-up survival rate. It
Intensive care unit length of stay 44 [26-71] is important to note that despite having 64.2% of patients

(hours, median, IQR)

Patients requiring post-operative
packed red blood cells

41 (33.3%)

Post-operative packed red blood cells 0[0-1]
(units, median, IQR)

Prolonged mechanical ventilation 16 (13%)
Re-intubation 5 (4.1%)
Atrial fibrillation 30 (24.4%)
Cerebrovascular accident 1(0.8%)
Re-operation for bleeding 1(0.8%)
Acute kidney injury 2 (1.6%)
Myocardial infarction 0
Total PCl and MIVS hospital length 7 [6-9]

of stay (days, median, IQR)

Thirty-day mortality 2 (1.6%)

IQR, interquartile range; PCI, percutaneous coronary intervention;
MIVS, minimally invasive valve surgery.

surgery, the addition of CABG to aortic valve replacement
increases the operative mortality risk from 2.1 to 3.9%, and
significantly prolongs the hospital length of stay (19,20). For
individuals undergoing re-operative valve surgery, sternal
re-entry via a median sternotomy more than doubles the risk
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on dual anti-platelet therapy at the time of MIVS, the
bleeding complications were low, with the median intra-
operative blood transfusion requirement being 1 unit, and
only 1 (0.8%) patient requiring re-operation for bleeding.
The post-operative complications were low despite having
20.3% of the patients undergoing multivessel PCI, and
16.3% undergoing re-operative valve surgery.

The combined approach of PCI with valve surgery was
first investigated in 2005 by Byrne et al, in a retrospective
study of 26 patients, 24 (92.3%) of whom underwent
PCI for acute coronary syndromes, and 2 (7.7%) for
re-operative valve surgery (9). The patients underwent
aortic or mitral valve surgery using a minimally invasive
approach in 8 (30.8%), and a traditional median sternotomy
in the rest. The operative mortality was 3.8%, which
was much lower than the predicted mortality of 22%.
A subsequent observational study of 18 patients with
coronary artery disease and severe aortic valve stenosis
reported on a strategy of PCI performed on the day of
or the evening prior to a scheduled minimally invasive
aortic valve replacement (10). There was one non-cardiac
in-hospital death, and no late mortality at a mean follow-up
of 19 months. Some authors suggest that the benefits
obtained from staging PCI and valve surgery are greater
when a minimally invasive technique is utilized, in patients
with an acute coronary syndrome, in those that have poor
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conduit or target-vessel quality, have left ventricular systolic
dysfunction, and/or are undergoing re-operative cardiac
surgery (23-25). With regards to MIVS, direct comparisons
with combined CABG and valve surgery have associated
PCI+MIVS with fewer adverse events and a faster post-
operative recovery (12).

There are important limitations to the present data
that should be considered. Firstly, this was a single-center,
retrospective study, which confers an inherent selection bias.
Secondly, the mean follow-up was approximately 1 year,
and cannot be extrapolated to represent mid or long-term
outcomes of a PCI + MIVS approach. Thirdly, the
MIVS approach utilized in this series of patients was a
right anterior thoracotomy, and these results may not
be representative of outcomes achieved via alternative
techniques. Finally, the occurrence of acute coronary
syndrome was low with 4 (3.3%) patients presenting as
such, of which 1 (0.8%) required a repeat target vessel
revascularization. In the three-year follow-up of the Synergy
between PCI with Taxus and Cardiac Surgery (SYNTAX)
trial, which randomized patients with multi-vessel or left
main coronary artery disease to undergo PCI with drug-
eluting stents or CABG, the incidence of myocardial
infarction and required repeat revascularization in the
PCI arm was 7.1% and 19.7%, respectively, and occurred
significantly more often than in patients randomized to
CABG (26,27). Placed within this context, the outcomes
presented herein must be cautiously interpreted as
representing a group of patients carefully selected for PCI
+ MIVS based on suitable coronary anatomy, of which
the majority underwent single-vessel PCI. Additionally,
the impact of the type and generation of stent implanted,
the complexity of the coronary lesion(s) treated, and the
lack of a comparable CABG group, further limits the
generalizability of these results.

In conclusion, for a select group of patients with coronary
artery and aortic valve disease, a combined approach of PCI
followed by minimally invasive aortic valve replacement can
be safely performed with satisfactory outcomes. Prospective
trials with long term follow-up comparing PCI+MIVS
with combined CABG and valve surgery, as well as staged
PCI followed by transcatheter aortic valve replacement,
are paramount in identifying the patient groups who would
most benefit from these respective treatment strategies.
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