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ABSTRACT

Background:Despite suggestions that severe left ventricle dysfunction may war-
rant selection of durable mechanical circulatory support over conventional sur-
gery, comparative studies are lacking due to incomplete characterization of
patients at highest risk after conventional surgery. We sought to define subsets
of patients with severe left ventricle dysfunction who are at greatest mortality
risk following conventional cardiac surgery.

Methods:We studied 892 patients aged � 18 years who underwent conventional
coronary or valve surgery from 1993 to 2014, with preoperative ejection fraction
� 25%. Exclusions were transcatheter interventions, major concomitant proced-
ures, active endocarditis, and prior/concurrent durable mechanical circulatory
support use. Logistic and Cox regression identified determinants of early and
late mortality.

Results: Median age was 70 years (interquartile range, 62-76 years), 46%
(n ¼ 411) had New York Heart Association (NYHA) functional class IV symp-
toms, and 16% (n ¼ 142) had undergone prior surgery. Operative mortality
was 7.5%. NYHA functional class IV (odds ratio [OR], 1.88; P¼ .033), prior car-
diac surgery (OR, 2.13; P ¼ .017), peripheral vascular disease (OR, 2.55;
P ¼ .001), emergency status (OR, 2.68; P ¼ .024), and intra-aortic balloon
pump use (OR, 4.95; P<.001) independently predicted operative death. Risk im-
parted by presence of both NYHA functional class IV symptoms and prior surgery
was additive, with a 4-fold increase in early mortality risk (OR, 3.95; P ¼ .003).
Prior surgery increased the hazard of late death by 60% (P<.001). In patients
without prior surgery, late mortality was greatest in those aged� 70 years (hazard
ratio, 1.86; P<.001), especially if NYHA functional class IV symptoms were
concurrently present (hazard ratio, 2.25; P<.001). Surgery type (coronary artery
bypass graft surgery, aortic valve surgery, or mitral valve surgery) did not predict
long-term outcome.

Conclusions: In patients referred for conventional surgery with an ejection
fraction � 25%, prior cardiac surgery, and/or NYHA functional class IV
symptoms—particularly in those aged � 70 years—confer significant and
sustained survival disadvantages. Such high-risk subsets may benefit from durable
mechanical circulatory support consideration. (J Thorac Cardiovasc Surg
2018;156:1530-40)

Probability of operative death with EF� 25% by age,

prior surgery, and NYHA functional class.

Central Message

With EF � 25%, mortality after conventional

surgery is greatest in patients with prior sur-

gery, NYHA functional class IV symptoms,

and age � 70 years. Such patients may benefit

from durable MCS consideration.

Perspective

Despite suggestions that severe LV dysfunction

may warrant durable MCS selection over con-

ventional surgery, comparative studies are lack-

ing due to incomplete characterization of

patients at highest risk after conventional sur-

gery. With EF � 25%, mortality after conven-

tional surgery is greatest in those patients with

prior cardiac surgery and NYHA functional

class IV symptoms, especially if the patient is

aged � 70 years.
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More than 250,000 adult cardiac surgeries are performed
annually in the United States,1 with preoperative left
ventricle (LV) dysfunction affecting between 3% and
18% of patients.2-4 Ventricle dysfunction—often
manifesting as depressed LV ejection fraction (EF)—is an
independent determinant of poor operative outcomes.2,5,6

Guidelines therefore advocate strongly in favor of
operative intervention before onset of LV dysfunction in
those with coronary artery or valve disease.7,8 Even if LV
impairment has already developed, patient survival and
quality of life following coronary or valve surgery remain
superior to medical management.3,5,9-16 With prevalence
of LV impairment projected to climb,2 cardiac surgeons
are increasingly facing the challenge of managing patients
at very high surgical risk, many being referred for operative
intervention as a last resort.

With emergence of durable mechanical circulatory sup-
port (MCS) as a long-term option for end-stage heart fail-
ure,17,18 it has been proposed that this platform may serve
as an alternative approach in managing patients with
severe LV dysfunction and coexistent coronary and/or
valve disease.19 Durable MCS strategies such as LV assist
devices (LVADs) are not without substantial potential risk
and are not to be trivialized in their consideration as thera-
peutic substitutes.20-22 To date, there remains a paucity of
literature directly comparing conventional surgery versus

durable MCS for patients with coronary or valve disease
and concurrent severe LV impairment. Patient selection
and candidacy for such comparative effectiveness studies
is hindered at least in part by incomplete characterization
of which patients are at greatest operative risk after
conventional surgery, and hence may potentially benefit
most from a durable MCS strategy. Thus, in the current
study we evaluated patients with severe LV impairment—
defined as EF � 25%—who underwent conventional
coronary and/or valve surgery. We sought to delineate
early and late mortality rates in this challenging
population, and ultimately to define categories of patients
at greatest mortality risk.

METHODS
Study Design and Subjects

We retrospectively evaluated adult patients aged� 18 years undergoing

coronary artery bypass grafting (CABG) surgery, conventional aortic valve

surgery, and/or mitral valve surgery at our institution from January 1993 to

July 2014. We studied only those with preoperative EF � 25%. This

threshold was chosen because it is a criterion for consideration of durable

MCS referral.23,24 Exclusions were active endocarditis, transcatheter valve

interventions, previous or concurrent VAD implantation, and major

concomitant procedures per the Society of Thoracic Surgeons definitions

(eg, thoracic aortic repair/replacement, septal myectomy, and maze

procedure). Overall, 892 patients met enrollment criteria (Figure 1). All

subjects provided informed consent. Mayo Clinic Institutional Review

Board approved this investigation.

FIGURE 1. Identification of study subjects. EF, Ejection fraction; CABG,

coronary artery bypass grafting; AVS, aortic valve surgery; MVS, mitral

valve surgery; TAVR, transcatheter aortic valve replacement.

Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
EF ¼ ejection fraction
IABP ¼ intra-aortic balloon pump
INTERMACS ¼ Interagency Registry for

Mechanically Assisted Circulatory
Support

LV ¼ left ventricle
LVAD ¼ left ventricular assist device
MCS ¼ mechanical circulatory support
NYHA ¼ New York Heart Association
PVD ¼ peripheral vascular disease
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