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THE DEVELOPMENT of the left ventricular assist device
(LVAD) has increased the life expectancy of patients with

advanced heart failure significantly.1–3 Consequently, LVADs
are being implanted at a rate of more than 2,000 devices per
year in the United States, comparable to the annual number of
heart transplantations performed. Due to this high rate of
implantation and a 4-year survival rate, which now nears
50%, LVAD-supported patients presenting for noncardiac
surgery have become increasingly common.1–6 According to
the seventh report of the Interagency Registry for Mechanical
Assist Circulatory Support (INTERMACS), 490% of LVAD
implantations are continuous-flow (CF) devices such as the
HeartMate II (St. Jude Medical, St. Paul, MN) and the
Heartware HVAD (Heartware International Inc., Framingham,
MA), with the HeartMate II being the most implanted LVAD,
being approved for destination therapy and as a bridge to
transplant.7–9

Despite the proven safety and efficacy of LVAD therapy, a
significant number of LVAD-supported patients undergo non-
cardiac surgery because of complications associated with
LVAD therapy.3–5,10 Noncardiac surgeries inclusive of hernia
repairs; bowel resections; urologic procedures; and ear, nose,
and throat surgeries have been reported in LVAD patients.2,8

Gastrointestinal bleeding also is a common complication
associated with CF-LVAD therapy based on the need for
antiplatelet and anticoagulation therapy, the high incidence of
pathologic arteriovenous malformations, and von Willebrand
factor conformational changes produced by continuous blood
flow in the pump; as such, patients with CF-LVADs frequently
require endoscopy.8,10–12 Additionally, between 2.5% and 10%
of LVAD patients will experience intracranial hemorrhage
secondary to anticoagulation therapy, and may require emer-
gent craniotomies.8,12 Because of the increased risk for
complications related to LVAD therapy, cardiothoracic
anesthesiology services often are required when these patients
present for noncardiac surgery.

CONTINUOUS-FLOW LEFT VENTRICULAR ASSIST DEVICE

COMPONENTS AND FUNCTIONALITY

Continuous-flow LVADs have 3 components: an inflow
cannula that is implanted at the apex of the left ventricle (LV)
and attaches to the pump, an axial pump (HeartMate II) or a
centrifugal pump (Heartware HVAD) that unloads the LV, and an
outflow graft that connects the pump to the ascending aorta.11,12

Appropriate functionality of the CF-LVAD is determined by the
following LVAD parameters: pump flow, power consumption,
pulsatility index, and pump speed.11 The implanting physician
determines the pump speed, whereas the pump flow is derived from
the power consumption of the pump.11 The pulsatility index reflects
the contribution of the contractility of the native LV to cardiac
output and serves as an index of LV preload and inotropy.12 In-
depth knowledge of these CF-LVAD parameters is crucial during
patient care and may affect hemodynamic management during
noncardiac surgery. Accordingly, anesthesiologists caring for CF-
LVAD patients undergoing noncardiac surgery should understand
the CF-LVAD parameters described above before proceeding to the
operating room.3 Furthermore, considering that approximately 91%
of patients with CF-LVADs who underwent noncardiac surgery
had a HeartMate II, anesthesiologists should be particularly familiar
with the specifications of this device.13

ANESTHETIC CONSIDERATIONS FOR NONCARDIAC

SURGICAL PROCEDURES

Preoperative Assessment

The delicate nature of patients with CF-LVADs presenting
for noncardiac surgery necessitates a detailed preoperative
assessment prior to proceeding with surgery. Interrogation of
the CF-LVAD by a VAD coordinator or a perfusionist may
provide the anesthesiologist with vital data regarding the
functionality of the device in the prior months.11,12 Laboratory
tests and imaging studies such as a chest radiograph also should
be obtained, and prior echocardiograms should be reviewed to
determine right ventricular function after CF-LVAD
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implantation.11 Before administering anesthesia, it is impera-
tive that anesthesiologists managing CF-LVAD patients be
familiar not only with LVAD physiology, but also the control
algorithms to ensure patient safety.

INTRAOPERATIVE CONSIDERATIONS

Monitoring

Hemodynamic monitoring in patients with CF-LVADs
remains a challenge because of the nonpulsatile nature of these
devices. The anesthesiologist’s ability to monitor patient
hemodynamics by automated oscillometric blood pressure
(BP) and pulse oximetry may be impaired because of decreased
arterial flow pulsatility.2,3,5,10-12 Accordingly, invasive BP
monitoring is utilized in a majority of cases.11

In a survey by Sheu et al, 83.8% of respondents from
institutions with small LVAD patient populations and 65.8%
from institutions with large LVAD patient populations con-
firmed the use of invasive monitoring in addition to standard
American Society of Anesthesiologists monitors for LVAD-
patient management during noncardiac surgery. For hemody-
namic monitoring, arterial catheterization (71.2%), pulmonary
arterial catheters (1.3%), central venous catheters (12.0%), and
transesophageal echocardiography (TEE) (14.6%) were utilized
in minor procedures. The study concluded that 72.5% of
noncardiac surgical cases employed 1 or more methods of
invasive monitoring.10 In contrast, Stone et al reported arterial
line use in only 44% of cases overall, central venous catheter
use in 27% of cases, pulmonary arterial catheter use in 10% of
cases, and TEE utilization in 14.4% of cases.3 Moreover, 77%
of reviewed cases of noncardiac procedures in LVAD patients
between 2012 and 2013 did not use invasive BP monitoring.4,10

Contrasting Sheu and Stone’s studies, TEE was implemented
in only 3% of patients in a case series reported by Barbara et al.2

According to Hessel et al, TEE and transthoracic echocardio-
graphy play an important role in hemodynamic evaluation and
adjustment of the pump during noncardiac surgery.13 TEE
provides structural and functional information pertaining to
LVAD management such as right ventricular geometry and
systolic function, in addition to the positions of the interven-
tricular septum and the inflow cannula.12 These data may be
essential to guide volume management and pump speed selec-
tion, and may further help avoid suction events.13,14 Monitoring
LVAD parameters, such as flow, pulsatility index, and LVAD
speed, is mandatory.1,2

With regard to the monitoring of oxygenation, near-infrared
cerebral spectroscopy, as a substitute for pulse oximetry, has
found particular use in the anesthetic management of CF-
LVAD patients, as this technique does not rely upon pulsatile
flow.2,3,10,13

INDUCTION AND MAINTENANCE OF GENERAL

ANESTHESIA

The majority of surgeries in CF-LVAD patients are per-
formed with general anesthesia or monitored anesthesia care.15

Regional anesthesia is employed rarely, considering the need
for chronic anticoagulation therapy and the high incidence of
hepatic dysfunction in the CF-LVAD population.8,13 Induction
and maintenance of general anesthesia can be challenging

because of the complexity of CF-LVAD physiology.11,15 To
ensure timely therapy for hypotension, inotropic and vasopres-
sor medications should be available readily during induction.

SUCTION EVENTS

Understanding the physiology of CF-LVADs is important for
the provision of anesthetic care to this population.15 Hemody-
namic management of CF-LVAD patients involves accounting
for conditions that may impart significant strain on the right
ventricle, such as hypoxia, hypercarbia, circulatory overload, lung
hyperinflation, light anesthetic depth, and acidosis.12 These
complications should be avoided as they may lead to increased
risk of right ventricular failure and low CF-LVAD flows. LV
preload maintenance also is essential to establishing adequate
CF-LVAD flows, and may help in preventing suction events and
associated ventricular arrhythmias.2,12,15 In addition to blood and
fluid loss, positive-pressure ventilation, reverse Trendelenburg
positioning, lateral decubitus positioning, and pneumoperitoneum
may impair venous return, thereby triggering suction events.11

Awareness of increased risks for CF-LVAD patients and
associated complications during hemodynamic management is
recommended, and caution is advised.13,15,16

CARDIOVASCULAR DRUG SUPPORT

Systemic vascular resistance must be managed to ensure an
adequate end-organ perfusion.5 Up to 72% of CF-LVAD
patients required cardiovascular drug support, implying a need
for trained provider involvement in inotrope and vasopressor
support, and general LVAD patient management.2,13 It is
recommended that mean arterial pressure (MAP) be maintained
between 70 mmHg and 80 mmHg in CF-LVAD patients, for
which trained provider involvement is especially advised by
many authors.13 Higher MAPs, however, can reduce CF-
LVAD flows and promote pump stasis, a known risk factor
for pump thrombosis. Considering that anticoagulation and
antiplatelet therapy may be interrupted for surgery, optimal
MAPs should be maintained to avoid pump thrombosis.

BLOOD REQUIREMENTS AND ANTICOAGULATION

Development of complex coagulopathy during CF-LVAD
therapy increases the need for blood-product transfusion during
noncardiac surgery.1,2 Blood transfusions may increase pul-
monary vascular resistance, reducing LV preload and CF-
LVAD flow.1 Reversal of anticoagulation may be considered
depending on the patient’s bleeding risk and thrombotic history
and the surgical procedure performed.2,13 The model of CF-
LVAD implanted also may dictate the level of anticoagulation,
as some studies suggest the HeartMate II requires lower levels
of anticoagulation than other CF-LVAD devices.12,13 However,
specific guidelines do not exist, and high rates of bleeding
complications have been reported during noncardiac surgery,
reaching a 44% incidence in Taghavi et al’s study.17

ADVANCED CARDIOVASCULAR LIFE SUPPORT

Ventricular arrhythmias are not uncommon and usually are
well tolerated by patients.12,13,18 Mechanical irritation of the
septum by the inflow cannula may occur during hypovolemia,
triggering ventricular tachycardia or ectopy.10 Many patients
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