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ABSTRACT

Coronary artery bypass grafting (CABG) remains
a routine operation despite major advance-
ments in angioplastic procedures. Around
200,000 CABG procedures are performed
annually in the U.S. Patients who are not can-
didates for angioplasty intervention often have
advanced coronary disease and comorbidities
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that raise the risk of heart failure with decreased
ejection fraction to around 25%. Over the years,
significant developments in various preopera-
tive interventions have occurred; in this paper,
we suggest a multidisciplinary preoperative
algorithm that can be included in a regularly
scheduled multidisciplinary care plan.
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Key Summary Points

Evolving studies in recent years have
better defined the role of risk
stratification, pharmacologic and assist
device support, and increased adverse
outcomes in emergency CABG.

Patients who are not candidates for
angioplastic intervention often have
advanced coronary disease and
comorbidities increasing the likelihood of
encountering heart failure with reduced
ejection fraction up to about 25%.

Ideally, in the near future, we will be in a
position to create a consensus-driven
algorithm which will include the most
manipulable factors to enhance
postoperative outcomes.

Questions remain with regard to the role
of preoperative transfusion and ideal
hemoglobin levels, and which
medications should be utilized which
would directly improve outcomes.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13277126.

INTRODUCTION

Many surgical subspecialties, often in partner-
ship with anesthesiology, have looked at pre-
operative factors that could be optimized to
improve postoperative outcomes. The first

published reports many decades ago involved
beta-blockers and delaying elective surgery after
acute myocardial infarction.

Coronary artery bypass grafting (CABG) has
become a common operation worldwide.
Despite the consensus on the surgical tech-
nique, outcomes vary for a multitude of rea-
sons. In this regard, a retrospective cohort study
that included 40,083 consecutive patients who
underwent CABG from 2008 to 2015 showed
that 10,284 patients (25.7%) had reduced ejec-
tion fraction (EF) and 4816 patients (12.0%) had
heart failure with reduced ejection fraction
(HFrEF). The study revealed a higher adjusted
mortality risk in patients with HFtEF than in
those with preserved EF [1].

To date, there have never been clearly
defined and agreed upon preoperative multi-
disciplinary pathways for patients with a higher
risk of mortality who require CABG. This is
surprising given the abundance of clinical
research which has included preoperative
pathways to optimize patients at higher risk in
many other surgical fields. Therefore, the fol-
lowing focused review looks at factors and
considerations, given this significant need, to
create an algorithm utilizing multidisciplinary
interventions for patients with a higher risk of
mortality to ensure the best possible clinical
outcome (Fig. 1).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

PREVIOUS OUTCOMES OF CABG

Data analysis for 55,515 patients who under-
went CABG from a New York state database
between 1997 and 1999 (20.5% with EF
31-40%, 10.4% with EF 21-30%, and 4.4% with
EF < 20%) showed an increase in multi-organ
dysfunction in the low-EF group. However, it
also depicted significant benefit with regard to
improved postoperative EF, increased long-term
survival, improvement in New York Heart
Association (NYHA) classification, and higher
quality of life [2].
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Another cohort study from 2002 to 2007
included 1212 patients with EF of 35% that
demonstrated a lower mortality rate over ten
years among patients who underwent CABG
and received medical treatment compared to
those who received medical therapy alone [3].

A meta-analysis of the related articles until
2016 was conducted to compare medical ther-
apy and revascularization strategies (CABG and
percutaneous coronary intervention [PCI]). The
meta-analysis revealed significant survival ben-
efits from the CABG compared with PCI in
patients with HFrEF [4].

PREOPERATIVE MANAGEMENT

Clinical Pathway

A longitudinal quasi-experimental pre-test/-
post-test study was conducted to compare the
clinical outcome between implementing the
pathway and the conventional care for 256
patients admitted for CABG between 2004 to
2006 [S]. The findings were in favor of tradi-
tional care concerning health-related quality of
life. However, improvement of the learning
curve and a limitation of inappropriate ran-
domization indicated the need for further
research to evaluate the proposed clinical
pathway’s efficacy.

Our preoperative pathway implementation
goal is to standardize HFrEF patients’ manage-
ment in a multidisciplinary fashion that allows
for controlled individualization and can be
used as a starting point to create a more
robust, universally standardized guideline in
the future.

The pathway includes the multidisciplinary
team (MDT) members, interventions, and the
implementation of interventions to correct rever-
sible risk factors and optimize cardiac perfor-
mance in patients using prophylactic mechanical
or pharmacological supportive therapy.

The Role of Multidisciplinary Teams
MDT)

A randomized trial of 200 hospitalized patients
diagnosed with chronic heart failure demon-
strated the efficacy of a multidisciplinary care
model to improve outcomes at a comparable
cost [6].

MDT is not a novel concept; it refers to
members of different professional specialties
who work together effectively to benefit the
patients. MDT success necessitates clarity of
roles, good communication, and institutional
support [7]. Cardiac surgical MDT may include
intensive care physicians, cardiology physi-
cians, cardiac surgeons, anesthesiologists, reha-
bilitation physicians, nutritionists, and nurses.
The role of this MDT is to optimize the risk
factors and discuss the prophylactic indication
for preoperative pharmacological or mechanical
supportive therapy.

The cardiology physician’s role includes
adjustment of the medical therapy established
for HFEF such as angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin receptor
blockers (ARBs), beta-blockers, aldosterone
antagonists, and hydralazine-isosorbide and
dinitrate.

This high-risk category of patients necessi-
tates an experienced cardiothoracic surgeon
who can decrease the duration of the aortic
cross-clamp and perform either on-pump arres-
ted or beating heart and off-pump surgery.
Standard on-pump CABG is associated with
higher mortality in these high-risk patients,
especially in emergency CABG [8].

The nutritionist’s role is to assess the nutri-
tional state in these high-risk patients and treat
malnutrition to achieve a goal albumin level of
at least 30 g/L and a body mass index of > 20
[9]. A prospective, single-center exploratory
clinical pilot study involving 22 frail patients
undergoing CABG suggested that providing a
home-based rehabilitation program may reduce
hospital length of stay. Therefore, the physio-
therapist should be included in the MDT to
optimize the preoperative nutritional status and
then follow the patients in their home [10].
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Fig. 1 Schematic representing a multidisciplinary preoperative algorithm that can be included in a regularly scheduled

multidisciplinary care plan

Predictors of Mortality and Morbidity

A cohort study involving 379 patients with left
ventricular ejection fraction (LVEF) < 35% who
underwent CABG between 1995 and 1999 was
conducted to assess the preoperative risk factors
[11]. The study identified two significant pre-
dictors of mortality: an estimated glomerular
filtration rate (eGFR) of <45 mL/min/1.73m2

and patients with a median age of 76 years
compared with their younger cohort. In
another study, 201 patients with LVEF of
< 25% who underwent CABG between January
2012 and March 2017 were retrospectively
reviewed to identify preoperative risk factors
related to increased length of hospital stay or
operative mortality [12]. The study demon-
strated that a more extended length of hospital
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stay was associated with the absence of preop-
erative beta-blockers, low preoperative albumin
levels (< 3.5 g/dl), and higher Society of Tho-
racic Surgeons Predicted Risk of Mortality score.
A systematic review of six observational studies
with a combined total of 1,231,850 patients was
performed to investigate the role of beta-blocker
use before CABG. The study showed no
notable reduction in mortality or incidence of
major postoperative complications such as
myocardial infarction or atrial fibrillation [13].
Moreover, those patients with reduced EF who
are not on preoperative beta-blockers may not
tolerate initiation of beta-blockers secondary to
hypotension or decreased cardiac output. The
Society of Thoracic Surgeons Predicted Risk of
Mortality score is an excellent predictor of
30-day mortality after cardiac surgery and long-
term survival as well [14].

Preoperative Anemia

The World Health Organization had defined
anemia as hemoglobin levels below 13 g/dl in
men and 12 g/dl in women [15]. Anemia is
classified according to the hemoglobin level
into mild (women 10-12 gm/dl and men 10-13
gm/dl) or severe form (both sexes, hemoglo-
bin < 10 gm/dl).

Preoperative anemia is a common comor-
bidity which may affect up to half of patients
undergoing cardiac surgery [16]. This high
incidence is associated with increased intraop-
erative blood transfusion requirements, post-
operative acute kidney injury, and higher
mortality [17, 18].

Iron-deficiency anemia is a common etiology
treated with oral or intravenous iron supple-
mentation in mild cases. However, there is no
valid association between iron administration
and decreased blood transfusion requirements
[19]. Moreover, the optimal time to start the
preoperative administration is unclear and not
applicable in emergencies. Patients with non-
iron-deficiency anemia may benefit from ery-
thropoietin administration to reduce the need
for postoperative blood transfusion. In 320
patients undergoing off-pump CABG surgery,
administration of erythropoietin 2 days before

and 2 days after surgery was associated with a
lower rate of blood transfusion in the postop-
erative period [20]. The combination of ery-
thropoietin and iron supplementation may
greatly benefit severe anemia, especially in
patients who refuse a blood transfusion, such as
the Jehovah’s Witnesses population.
Preoperative red blood cell transfusion
should not be routinely recommended in pre-
operatively anemic patients (class of recom-
mendation III, level of evidence C) [21].
However, preoperative red blood cell transfu-
sion should be implemented in cases of emer-
gency surgery and life-threatening anemia.

Preoperative Intervention

Prophylactic Mechanical Support

Mechanical circulatory support (MCS) is no
longer reserved for patients with severe hemo-
dynamic instability as a bridge for a heart
transplant. MCS is now approved for prophy-
lactic use in cardiac surgery to improve out-
comes [22].

Intra-Aortic Balloon Pump (IABP)

Since 2011, the American College of Cardiol-
ogy/American Heart Association has recom-
mended preoperative IABP insertion to decrease
the mortality rate in high-risk CABG patients
with EF of < 30% [23].

More than 400 physicians from 52 countries
investigated all studies published in peer-re-
viewed journals that discussed nonsurgical
interventions with a statistically significant
effect on mortality in the setting of cardiac
surgery. The authors selected prophylactic IABP
as among the ten techniques that reduced
mortality, and recommended direct future
research in that field [24].

Another prospective, single-center, random-
ized controlled trial, which included 232
patients, demonstrated decreased mortality in
off-pump CABG [23].

Additionally, a single-center prospective
randomized controlled trial enrolled 110
patients undergoing CABG with EF of < 35% to
determine the outcome of preoperative IABP
use. This study demonstrated no significant
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difference in outcome with prophylactic IABP.
However, the patients selected in that study did
not suffer from preoperative hemodynamic
instability [26].

The less invasive nature of IABP as a means
to increase cardiac output has made it a fre-
quent choice for use as temporary mechanical
circulatory support. Therefore, another role of
MDT is to identify which patients should
undergo IABP on an individual basis.

Percutaneous Left Ventricular Assist Devices
Impella, the transvalvular aortic axial flow
device, is one of the most widely used percuta-
neous left ventricular assist devices. Impella has
been successfully employed for a variety of
indications, including high-risk percutaneous
coronary intervention (EF < 35%), post-infarc-
tion cardiogenic shock, and fulminant
myocarditis [27].

There is currently limited available evidence
on the preoperative use of Impella. However,
prophylactic use for patients with severely
depressed EF during non-emergency high-risk
PCI is approved to improve the outcome, as
shown in the well-known PROTECT-II trial [28].
Extrapolating this data, the clinical situation of
cardiogenic shock following myocardial infarc-
tion will necessitate bridging to CABG with
Impella support. A registry analysis of the Soci-
ety of Thoracic Surgeons Adult Cardiac Surgery
Database for the preoperative use of MCS,
including Impella, showed notable benefits for
this high-risk patient population (EF < 25% in
most of them) [29].

Prophylactic Pharmacology Support

Levosimendan
Levosimendan, a calcium sensitizer and adeno-
sine triphosphate (ATP)-dependent potassium
channel opener with favorable inotropic,
vasodilatory, and cardioprotective properties,
has been widely used in clinical practice and has
also been well studied in clinical trials for sta-
bilization of at-risk patients undergoing cardiac
surgery.

The most recent meta-analysis on prophy-
lactic use in cardiac surgery included 16

randomized trials, with 2273 patients. The
study found no significant reduction in mor-
tality at 30 days or beyond 30 days [30].

However, more than 40 clinical trials support
levosimendan for its beneficial effects on mul-
tiple body systems. The three most recent ran-
domized, placebo-controlled  multicenter
studies, i.e., LICORN, CHEETAH, and LEVO-
CTS, showed improvement of low cardiac out-
put syndrome, renal-protective effects, short-
ening of intensive care length of stay, reduction
of pulmonary artery pressure, decreased inci-
dence of atrial fibrillation, and improvement of
the EF [31].

Levosimendan initiation timing varies
between 12 h pre-operative or 24 h post-induc-
tion. However, subgroup analyses suggest
promising results in high-risk patients with
severely depressed cardiac function (EF < 35%)
when the infusion of levosimendan was started
24 h before the surgery time [32, 33].

Milrinone

There is a lack of literature examining the pre-
operative use of milrinone, by either an intra-
venous or inhalation route, for patients who are
scheduled to undergo CABG. The studies that
discussed the preemptive intravenous use of
milrinone concerned intraoperative administra-
tion before the bypass or after the aortic
clamp release. The first study enrolled 70 patients
with EF of <35% who underwent on-pump
CABG [34]. Results demonstrated a significant
lowering of inotropic agent duration and reduc-
tion of myocardial infarction in the milrinone
group. The second study, which included 45
CABG patients, showed attenuation of postop-
erative deterioration of ventricular function and
reduced the necessary doses of dopamine and
nitroglycerin [35].

However, a meta-analysis of randomized tri-
als published at BioMed Central, PubMed,
EMBASE, and the Cochrane Central Register of
Clinical Trials showed no difference in cardiac
surgery mortality between the milrinone group
and the control group [36].

Moreover, milrinone has been demonstrated
to be an independent risk factor for postopera-
tive AF following elective cardiac surgery [37].
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Emergency CABG

Although emergency CABG accounts for a small
percentage of all CABG surgeries, it has been
associated with significantly increased adverse
outcomes compared to non-emergency CABG.
These adverse effects include higher in-hospital
mortality, postoperative complications such as
permanent neurological sequelae, and renal
failure. The common indications of emergency
CABG are ongoing ischemia, angiographic
accident, or cardiogenic shock with PCI
unsuitability (38).

Emergency CABG in such high-risk patients
necessitates prompt management by the dedi-
cated MDT. Therefore, the MDT should be
available for such emergencies to decrease the
door-to-heart time. Moreover, coding the
patients may shorten the therapeutic delay,
which should help to improve the outcome.

CONCLUSION

In recent years, evolving studies have better
defined the role of risk stratification, pharma-
cologic and assist device support, and increased
adverse outcomes in emergency CABG. Under-
standing the results of these studies and addi-
tional ones that are ongoing can serve as a
template for perioperative management best
practices for those patients undergoing CABG
who are high risk. Without a doubt, this is an
area that can ultimately benefit those patients
who stand to have the highest risk of postop-
erative complications. Ideally, soon we will
create a consensus-driven algorithm that will
include the most manipulable factors to
enhance postoperative outcomes. Questions
remain regarding the role of preoperative
transfusion and ideal hemoglobin levels and
which medications should be utilized that
would directly improve outcomes.
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