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Objective: To describe the authors’ experience and comparative results after introducing noncardiac fellowship-trained anesthesiologists to a
service previously managed by fellowship-trained cardiac anesthesiologists caring for left ventricular assist device (LVAD) patients undergoing
low-risk noncardiac procedures with anesthesia.
Design: A retrospective chart review.
Setting: Single-site academic medical center in the United States.
Interventions: Anesthesia and intraoperative therapy.
Measurements and Main Results: After initiating a brief training period for the noncardiac fellowship-trained anesthesiologists and blending the
noncardiac anesthesiologists into the care of LVAD patients, the electronic medical records of 158 patients with an LVAD who underwent
noncardiac procedures were reviewed. The cases were managed by either cardiac-trained anesthesiologists or noncardiac-trained anesthesiol-
ogists. Their performance was evaluated on the basis of technique and outcome. The parameters for technique were the use of intubation and
mechanical ventilation, use of vasoactive medications, type of vasoactive medications administered, use of invasive monitoring, and type and
amount of intravenous fluid administration. The outcomes examined included occurrence of intraoperative mean blood pressure o55 mmHg,
intraoperative cardiac arrest, intraoperative device malfunction, thromboembolic complications, inability to complete procedure due to
intraoperative nonsurgical complication, unplanned postoperative intensive care unit admission, unplanned hospital readmission within 30 days,
and the 30-day postoperative mortality rate. This analysis demonstrated no statistically significant associations between the type of
anesthesiologist and the use of fluid, amount of fluid given, use of vasopressors, or use of invasive monitoring devices. There were no
significant differences in specific patient outcomes by anesthesia provider type.
Conclusions: Patients with LVADs can be managed by either a noncardiac or a cardiac fellowship-trained anesthesiologist with similar
technique and outcome during low-risk noncardiac procedures and surgeries.
& 2018 Elsevier Inc. All rights reserved.
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LEFT VENTRICULAR ASSIST DEVICES (LVADs) are
becoming more widespread.1 Patients with these devices are

living longer and need more coincident medical procedures
and surgeries. Gastrointestinal procedures such as endoscopy
are very common.2 Because of the increased appearance of
LVAD-dependent patients for noncardiac surgery, debate has
arisen over what type of anesthesia training is required to
adequately care for these patients.3,4 Currently the literature
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concerning this topic is incomplete. Several studies have
examined this question,5,6 but these studies had a limited
number of patients and a wide variety of LVAD training
exposure. It is important to study the noncardiac anesthesiol-
ogist’s performance in managing patients with these devices
because there are limited numbers of fellowship-trained
cardiac anesthesiologists. The goal of this retrospective study
was to describe the authors’ experience in a moderate-volume
LVAD center with blending noncardiac-trained anesthesiolo-
gists into the care of LVAD patients during non-
cardiac procedures after limited additional training and to
describe any differences in efficacy, outcome, or anesthetic
technique.

Methods

Until January 2015, anesthesia support in the authors’
institution for noncardiac procedures and surgeries for patients
with LVADs was provided by a fellowship-trained cardiac
anesthesiologist; thereafter, some noncardiac fellowship-
trained anesthesiologists have provided anesthesia care for
approximately half of these procedures. Training for the
noncardiac anesthesiologists consisted of 2 hours of video
training designed to familiarize the anesthesiologists with the
technical aspects of the devices, 1 hour of live lecture on
LVAD management, and a very brief “shadowing period” with
the pre-existing team of cardiac-trained anesthesiologists.
Lecture training covered the basic components of LVADs,
the interpretation of LVAD monitors, the preoperative assess-
ment of LVAD patients, the intraoperative concerns and
treatments, cardiopulmonary resuscitation, cardioversion, and
defibrillation of patients with LVADS. Although the shadow-
ing periods varied based on the comfort level of the noncardiac
providers, typical shadowing periods consisted of 1 to 4 cases
totaling less than 6 hours of shared management with cardiac-
trained anesthesiologists.
The groups that were compared were the cardiac team, of

which all team members were cardiac fellowship-trained, and
the noncardiac fellowship-trained group. The cardiac fellow-
ship-trained group’s most senior member had approximately
10 years of clinical practice after fellowship and the newest
member had approximately 3 years of postfellowship experi-
ence. On the noncardiac team, there was a wide variety of
clinical interest, experience, and training. Approximately one
third of the team had fellowship training in intensive care unit
(ICU) care but mostly in noncardiac units. Only 1 of the
noncardiac team members had extensive cardiac ICU manage-
ment with LVADs but little or no intraoperative management
experience. None of the other ICU-trained anesthesiologists
had any significant ICU experience with LVADs and essen-
tially no intraoperative management of LVADs. The remaining
two thirds of the noncardiac team had essentially no experi-
ence with intraoperative or nonoperative management of
LVADs. Some of the younger members of this group had
limited LVAD exposure in residency, but essentially none of
them had any experience with intraoperative management of
LVADs during noncardiac surgery. All the noncardiac

anesthesiologists, however, had extensive experience with
taking care of very high-risk patients for noncardiac surgery,
including patients with heart failure. The years of clinical
experience among the noncardiac team were a continuum from
as little as 1 year of clinical experience to more than 40 years
of experience in clinical practice.
After institutional review board approval, the authors

conducted a retrospective, single-site electronic chart review
of 158 LVAD patients who underwent noncardiac procedures
from January 1, 2015, to June 15, 2016, at the Medical
University of South Carolina. All patients were older than 18
years and had a HeartMate II (Thoratec Corporation, Pleasan-
ton, CA) LVAD placed before the noncardiac procedure was
investigated. All these patients had an American Society of
Anesthiologists (ASA) physical status classification of 3 or 4.
Patients were a mix of inpatients and outpatients. The patients
all received care at the Ashley River Tower building of the
Medical University of South Carolina. At the time of the
study, approximately 15 LVADs were inserted per year and
approximately 100 LVAD patients per year needed a non-
cardiac procedure or surgery requiring anesthesia services. The
preoperative evaluations for each patient were completed by
the anesthesiologist assigned to the case. An LVAD technician
or LVAD nurse always was available for all patients but
typically not present in the operating room/procedure area
during the case.
The data collected fell into the following 2 main categories:

(1) intraoperative anesthetic techniques and (2) patient out-
comes. Specific anesthetic variables examined included the use
of intubation and mechanical ventilation, use of vasoactive
medications, type of vasoactive medications administered, use
of invasive monitoring, and type and amount of intravenous
fluid administration. Specific patient outcomes examined
included the occurrence of intraoperative mean blood pressure
o55 mmHg, intraoperative cardiac arrest, intraoperative
device malfunction, thromboembolic complications, inability
to complete the procedure due to intraoperative nonsurgical
complication, unplanned postoperative ICU admission,
unplanned hospital readmission within 30 days, and 30-day
postoperative mortality rate. Because this was a retrospective
review, there was no formal randomization of cases; however,
the schedules for these cases were assigned the night before
with generally no information of the specific severity of patient
illness or the presence of an LVAD. The only thing that was
revealed at the time of schedule posting was the type of the
case (eg, Endoscopic Ultrasound (EUS), Endoscopic Retro-
grade Cholangiopancreatograhy (ERCP), endoscopy). Within
these parameters, the noncardiac and cardiac anesthesiologists
were assigned randomly to a case.

Statistical Analysis

Descriptive statistics were estimated for all variables in the
data. Associations between types of anesthesia provider and
categorical variables were evaluated using the chi-square or
Fisher exact test, as appropriate. Associations between type of
anesthesia provider and continuous variables were evaluated
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