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AHA SCIENTIFIC STATEMENT

Recommendations for the Use of Mechanical
Circulatory Support: Ambulatory and Community

Patient Care

A Scientific Statement From the American Heart Association

Endorsed by the International Society for Heart and Lung Transplantation

heart failure when optimal medical therapy is inadequate. MCS therapy im-

proves prognosis, functional status, and quality of life.1> The INTERMACS (In-
teragency Registry for Mechanically Assisted Circulatory Support) tracks patient se-
lection and outcomes for all implanted US Food and Drug Administration—approved
MCS devices. From June 2006 until December 2014, >15000 patients received
MCS, and >2000 implantations are performed annually. One-year survival with cur-
rent continuous-flow devices is reported to be 80%, and 2-year survival, 70%.3 In
patients awaiting heart transplantation, MCS provides a bridge to transplantation,
and for others who are ineligible for heart transplantation, MCS provides permanent
support or destination therapy. Indications and absolute and relative contraindica-
tions to durable MCS are listed in Table 1.

As of July 2014, 158 centers in the United States offer long-term MCS.3 Patients
often live a substantial distance from the implanting center, necessitating active in-
volvement of local first responders (emergency medical technicians, police, and fire
department personnel), emergency department staff, primary care, and referring
cardiologists. Because patients with MCS are becoming increasingly mobile, basic
knowledge of equipment is necessary for personnel in public areas such as schools,
public transportation, and airplanes/airports. Ambulatory patients with MCS can
span the entire age spectrum from pediatrics to geriatrics. The aim of this docu-
ment is to provide guidance for nonexperts in MCS and to facilitate the informed
assessment, stabilization, and transport of the patient with MCS back to the MCS
center for definitive therapy. In addition, the principles herein provide a foundation
for emergency management and a framework to address the management of known
MCS-associated complications and expected comorbid medical problems.

Mechanical circulatory support (MCS) offers a surgical option for advanced

EQUIPMENT OVERVIEW

Currently in the United States, the most frequently used durable devices are continu-
ous-flow devices with axial (HeartMate I, St. Jude Corp, Minneapolis, MN) or centrifu-
gal (HeartWare Ventricular Assist System, HeartWare Corp, Framingham, MA) flow
(Figure 1A-1D). Excision of a round “core” from the left ventricular (LV) apex allows
the device to be positioned within the LV. Anastomosis of the outflow cannula occurs
at the ascending aorta. The pump is powered through the percutaneous lead (power
cord) that exits through the abdominal wall. The percutaneous lead is attached to a
controller that weighs between 1 and 1.5 Ib, which operates the device and records
data on operation. Typically, patients wear batteries during the day (lasting up to 12
hours) and plug into household power while their batteries charge at night. Practical
field guides are available for further reference.*

All patients are issued a backup controller and spare batteries that they carry
with them at all times. When transported to the emergency room, patients should
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Table 1. Indications and Contraindications to
Durable Mechanical Support

Indications: combination of the following:

Frequent hospitalizations for heart failure

NYHA class lllb—IV functional limitations despite maximal therapy

Intolerance of neurohormonal antagonists

Increasing diuretic requirement

Symptomatic despite CRT

Inotrope dependence
Low peak Vo, (<14-16)
End-organ dysfunction attributable to low cardiac output

Contraindications
Absolute
Irreversible hepatic disease

Irreversible renal disease

Irreversible neurological disease

Medical nonadherence

Severe psychosocial limitations

Relative
Age >80y for DT
Obesity or malnutrition

Musculoskeletal disease that impairs rehabilitation

Active systemic infection or prolonged intubation

Untreated malignancy
Severe PVD
Active substance abuse

Impaired cognitive function

Unmanaged psychiatric disorder

Lack of social support

CRT indicates cardiac resynchronization therapy; DT, destination
therapy; NYHA, New York Heart Association; Vo,, 0xygen consumption; and
PVD, peripheral vascular disease.

be instructed to bring this equipment and contact in-
formation for their MCS center. Ideally, if time and the
patient’s condition allow, peripheral equipment, includ-
ing the battery charger and alternating-current power
charger, should be brought to the emergency depart-
ment, particularly if the responding emergency/urgent
care center does not have this equipment available
(Table 2).

Ambulatory patients will present on battery support.
Care providers should evaluate the remaining battery
life as displayed on the battery “fuel gauge.” When emer-
gency care is requested in patients’ homes, responders
may find the patient connected to household power. Be-
fore transport, patients will need to be connected to
battery support. Failure to switch the power will lead to
pump stoppage.
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Controller Display Parameters

On the device controller, a display reports parameters
that can be considered device “vital signs.” These
include the speed (revolutions per minute), power
(Watts), and flow (liters per minute; Figure 2A and 2B
and Table 3).

The device is adjusted by the implanting center to
optimize LV unloading and to provide the best com-
bined cardiac output (CO). The CO is contributed
by both the MCS device and native heart flow. The
speed remains fixed unless manually reprogrammed
by the MCS center. The power required is measured
and recorded. Typically, higher revolutions-per-minute
speeds correlate with higher power. The flow is calcu-
lated with device-specific algorithms. The HeartMate |l
device displays an additional pulsatility index param-
eter, which reflects the change in device flow over the
cardiac cycle.

COMANAGEMENT OF THE STABLE PATIENT

Longitudinal care of patients with MCS requires a multi-
disciplinary team to manage comorbid conditions. The
implanting center typically maintains close follow-up;
however, referring physicians and other specialty provid-
ers (often in outlying locations) participate in the coordi-
nated plan of care. All participating practitioners benefit
from an understanding of the unique challenges in this
patient population.

Returning to Normalcy

Many signs and symptoms of heart failure (eg, short-
ness of breath, paroxysmal nocturnal dyspnea, and
fluid weight gain) abate fairly soon after surgery. Other
symptoms may resolve over a longer period of time (eg,
fatigue, poor energy level, and decreased strength).
Thus, early mobilization and rehabilitation are important
to a successful recovery. Aggressive physical and occu-
pational therapy should begin as soon as possible after
MCS surgery, and cardiac rehabilitation should continue
beyond hospital discharge.®

A patient’s return to a normal life after discharge
includes incorporation of MCS self-care (eg, changing
power sources) into his or her daily routines. Family
caregiver support is an important component of self-
care. Family caregivers who are also trained to assist
with troubleshooting alarms typically change driveline
exit dressings and address potential equipment mal-
functions.

After discharge, patients with MCS adjust to per-
forming activities of daily living (eg, bathing, dressing,
sleeping, home management, and work) and engaging
in leisure activities. Most patients identify bathing as a
key component of normalcy. Submersion in a bathtub
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Figure 1. A through D, US

Food and Drug Administration—
approved devices.

A and B, HeartMate Il ventricular
assist system. HeartMate I, HeartMate
3, and St. Jude Medical are trademarks
of St. Jude Medical Inc or its related
companies. Reproduced with permis-
sion of St. Jude Medical. Copyright ©
2017. All rights reserved. C and D,
HeartWare ventricular assist system.
Reproduced with permission from
HeartWare.

and swimming are prohibited with these electrically pow-
ered devices; however, the manufacturers have devel-
oped accessories that allow patients to shower once the
driveline site has healed adequately. Sleeping requires
planning so that equipment is set up in the bedroom and
allows nighttime trips to the bathroom. Patients adapt
to sleeping with the controller and finding comfortable
positions for sleep, given the presence of the pump and
drive line. In addition, resumption of work, more strenu-
ous activities (including leisure activities), and sexual inti-
macy may be challenging.>’

Driving is also an important activity for many patients
who undergo device implantation because it promotes
independence, reduces caregiver burden, and facilitates
social interaction. Patients cite the ability to drive as a
major contributor to improved quality of life.® Eligibility
for driving should be determined by the individual cen-
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ter, taking into consideration the patient’s recovery from
debility and local laws. Factors to be considered are the
potential impact of the sudden deployment of a supple-
mental restraint system (airbag) against a passenger or
driver with an implanted device® and the presence of an
implantable cardiac defibrillator (ICD). Furthermore, the
potential for sudden pump malfunction, change in level

Table 2. Equipment to Be Transported With Patient

Implanting center information

Backup controller

Backup batteries

AC power source

Battery charger

AC indicates alternating current.
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[ 2748 RPM 5.8 L/min
4S5 watts

Figure 2. A and B, Display monitors.

A, HeartWare Controller. Reproduced with permission from HeartWare. B, HeartMate Il controller. HeartMate Il, HeartMate 3, and
St. Jude Medical are trademarks of St. Jude Medical Inc or its related companies. Reproduced with permission of St. Jude Medi-

cal. Copyright © 2017. All rights reserved.

of consciousness, and driver distraction by alarms may
pose a risk to the patient who is driving, passengers in
the vehicle, and others on the road.

Anticoagulation

Anticoagulation with warfarin is required for all continu-
ous-flow devices; however, the level of anticoagulation
may vary by center, practice, and device type.!%!! An-
tiplatelet therapy with aspirin and often a second anti-
platelet agent is necessary because of the threat of sta-
sis, thrombosis, shear-induced platelet dysfunction, and
hemolysis. Upregulation of platelet function is described
with MCS and may contribute to long-term risk of throm-
boembolic events.!213 In the case of subtherapeutic in-
ternational normalized ratio, the necessity of bridging is
patient specific and should be guided by the implanting
center.

Hypertension and Hypotension

Titration of medical therapy to maintain a mean arterial
blood pressure in the normal range is imperative to op-
timize forward flow and to prevent adverse events.®&14
Hypertension after ventricular assist device (VAD) im-
plantation is common, and an increase in diastolic pres-
sure with a continuous-flow device may exacerbate or
lead to hypertension.!® Increased afterload decreases
pump flow and increases the risk of neurological events
and end-organ damage.®®!* Neurohormone-modifying
agents such as angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, p-blockers, and
mineralocorticoid receptor antagonists are used to
decrease afterload, to improve pump function, and to
potentially contribute to ventricular recovery. Diuretics
are frequently prescribed to manage symptoms of right
ventricular (RV) failure and fluid retention. Hydralazine/
nitrates and phosphodiesterase type 5 inhibitors such
as sildenafil and tadalafil may also be used for RV failure
and pulmonary hypertension.'é
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Renal Failure

Renal insufficiency is common in end-stage heart failure.
After MCS implantation, 67% of patients have been re-
ported to experience improved renal function.!” Hemo-
dialysis is complicated yet occasionally possible with
special consideration of hemodynamics, anticoagula-
tion, and volume assessment. Continuous veno-venous
hemodialysis and inpatient intermittent hemodialysis are
relatively common in the early postoperative recovery
period. Similar outcomes in bridge-to-transplantation pa-
tients with a left VAD requiring hemodialysis and those
not needing renal replacement therapy have been re-
ported.!® The availability of outpatient hemodialysis cen-
ters with the capacity of offering outpatient therapy is
essential for the patient with MCS to achieve hospital
discharge after surgery, and renal failure requiring dialy-
sis is often an impediment to hospital discharge. Suc-
cessful peritoneal dialysis is reported but at this time is
not routine practice.!®

Diabetes Mellitus

Close serum glucose control is essential to reduce post-
operative infection and progressive diabetes mellitus-
related end-organ dysfunction. Insulin requirements may
change significantly when the patient develops increased
functional capacity, appetite, and nutrient absorption.
Poor glucose control influences a patient’s transplanta-
tion candidacy.®

Table 3. Normal Parameters

Flow,
RPM Power, W | L/min | Pulsatility
HeartMate II | 8000-10000 | 5.0-8.0 | 4.0-7.0 | 5.0-8.0
HeartWare 2400-3200 | 3.0-7.0 | 3.5-7.0
Ventricular
Assist Device

RPM indicates revolutions per minute.
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Psychosocial, Behavioral, and Cognitive
Problems

Patients may be evaluated for MCS implantation as an
outpatient or while hospitalized. Evaluation includes a rig-
orous clinical and psychosocial/behavioral assessment.
Patients also learn more about their diagnosis and prog-
nosis, MCS risks (eg, adverse events) and benefits (eg,
lengthening life and improving quality of life), and reason-
able alternatives and their associated risks and benefits.
Patients, in turn, share their preferences for care, goals
in life, and what they hope to gain from MCS therapy with
their families and clinicians. The intention of informed
consent is to document shared decision making.
Debilitating psychiatric morbidity may be a contrain-
dication to MCS. Patients with psychosocial, behavioral,
cognitive, or other mental disorders who undergo MCS
implantation may require referral for psychiatric medication
management, counseling, or cognitive behavioral therapy.?
Whether patients with MCS have psychosocial or be-
havioral comorbidities, they experience psychosocial
challenges related to MCS self-care and returning home.”
Modifications to activities of daily living are required. Pa-
tients and caregivers can experience significant stress.?223
Early after implantation, patients are often grateful for the
device, but they may experience anxiety related to learn-
ing and implementing self-care and adapting to lifestyle
changes after discharge.> Over time, patients and caregiv-
ers gain confidence in their ability to perform MCS self-
care and to incorporate lifestyle modifications into daily
living.5 However, frustration and depression may occur,
related to discomfort with carrying equipment, body im-
age issues, loss of independence, and symptoms (eg,
ongoing right-sided heart failure or new MCS-elated
symptoms). Caregivers may also feel burdened by the
time and effort needed to assist patients with MCS with
device-related care on a daily basis. A multidisciplinary
plan involving medical and psychosocial care, including
psychopharmacology and counseling, may contribute to
positive outcomes for both patients and caregivers.
Cardiac-related cognitive dysfunction often resolves
after MCS, which may significantly improve the quality
of life for the patient and family. In elderly destination
therapy patients, dementia can become an issue, and
follow-up cognitive assessment and treatment may be
needed.? If post-MCS cognitive dysfunction increases,
patients may be at risk for dementia-related adverse
events and poor outcomes, and caregivers may incur
significant personal and financial burden (eg, placement
of the elderly patient with MCS in a memory care unit).?

MANAGEMENT OF CHRONIC COMPLICATIONS

RV Failure

During the investigation of decompensated MCS, RV fail-
ure must be in the differential because it remains the
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Achilles heel of LV mechanical support. The relationships
of LV and RV geometry and LV-to-RV transit are important
concepts in the MCS physiological system. RV failure
may follow a variety of physiological conditions.

First, elevated preload from volume overload or blood
resuscitation, for example, increases wall stress and can
lead to RV dilation and functional tricuspid regurgitation.
Second, high device speeds can lead to high CO, which
may cause increased venous return to the failing RV.
Third, an underfilled LV may allow shifting or suction of
the interventricular septum. In this case, the loss of sep-
tal contribution to RV contractility can lead to RV failure.
Finally, increased RV afterload attributable to pulmonary
hypertension and elevated transpulmonary gradient is a
common cause of RV failure.?2

Progressive RV failure is associated with tricuspid re-
gurgitation, hepatic congestion, and peripheral edema.
Transthoracic echocardiography may demonstrate RV
dilation, hypocontractility, and septal shifting toward the
LV. Inotropes to support RV function, pulmonary vasodi-
lators to decrease transpulmonary gradient, or diuresis
can be used in the short term to help the impaired and
failing RV. If increased LV filling pressures are suspected
(findings of hypertension or pulmonary edema), after-
load reduction may improve RV function by augmenting
forward flow. Phosphodiesterase type 5 inhibitors can
be used in this setting to reduce pulmonary hypertension
and to support the RV.? In general, consultation with an
MCS center is crucial in the assessment and treatment
of RV failure in the patient with MCS.

Aortic Insufficiency

Aortic insufficiency is known to complicate =25% of
patients with nonpulsatile MCS.?”28 The understanding
of aortic insufficiency after MCS is evolving; however,
continuous closure of the aortic valve is thought to
be a central factor. Careful attention to outflow can-
nula orientation to prevent direct flow toward the aortic
valve can minimize stress on the valve. For patients
requiring long duration of support, aortic insufficiency
may become a serious morbidity. Management of hy-
pertension and intravascular volume optimization is
important. If aortic insufficiency persists when these
factors are controlled, further evaluation by the MCS
center is necessary.

Bleeding

With continuous-flow devices, bleeding complications
appear to be associated with additional factors beyond
the level of anticoagulation.?®-3! Factors contributing to
bleeding include platelet dysfunction,3? acquired von Wil-
lebrand syndrome,3 and gastrointestinal bleeding relat-
ed to arteriovenous malformations.3° Events most com-
monly seen are gastrointestinal bleeds and epistaxis.
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Anemia

Anemia, regardless of the cause, is associated with sig-
nificant morbidity and mortality in patients with MCS.3*
Transfusion of red blood cells can be detrimental for the
bridge-to-transplantation patient, increasing anti-HLA anti-
bodies and complicating eventual donor matching. Trans-
fusion should be targeted to symptomatic patients only.
Iron replacement can be done safely when indicated. Cau-
tion is suggested with the use of erythropoietin-stimulating
agents because of their potential to promote thrombosis.

Hemolysis

A baseline level of hemolysis occurs in patients with
MCS and may be monitored by periodic laboratory stud-
ies (eg, urinalysis, plasma free hemoglobin, haptoglobin,
and lactate dehydrogenase analysis).® Baseline and se-
rial measurements are helpful after changes in clinical
status when obstruction or thrombosis is considered.
Elevation of lactate dehydrogenase above the patient’s
baseline or 2.5 times the upper level of normal requires
evaluation at an MCS center.3¢

Pump Thrombosis

Thrombosis is a relatively frequent adverse event,3 with
a reported incidence of 5.5% to 12.2% in patients with
MCS.3-4 Thrombosis is associated with significant mor-
bidity because device exchange is typically necessary.
INTERMACS data indicate that 2-year survival after pump
exchange or no history of thrombus is 56% and 69%,
respectively.® Factors that may contribute to thrombus
formation are subtherapeutic anticoagulation, low pump
speed, and elevated blood pressure.* Elevation of lactate
dehydrogenase can occur up to 3 months before clinically
significant pump thrombosis. It is helpful to obtain a lac-
tate dehydrogenase level during the evaluation of patient
with MCS.3® When thrombus is suspected, management
should always be coordinated with the MCS center.

Neurological Events

Stroke is a relatively frequent adverse event of MCS.
Among all devices, an incidence of 11% is observed at
1 year and of 17% at 2 years.? Risk factors for stroke
in patients on left VAD support remain poorly defined.
Because hypertension is a known major risk factor for
ischemic and hemorrhagic stroke, postimplantation
hypertension should be avoided (Table 4).

Arrhythmia and Heart Rhythm Management

Ventricular Arrhythmias

Ventricular arrhythmias occur in up to one third of pa-
tients with MCS.#142 Although ventricular arrhythmias are
generally well tolerated, prolonged ventricular tachycar-
dia can contribute to low flow and ultimately end-organ
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Table 4. Stroke in Patients With a VAD

Evaluation of Stroke

Assessment
PT/PTT, INR

Purpose

Guide management of
anticoagulation

Head CT scan Assess severity and type of stroke

(hemorrhagic vs ischemic)

Doppler blood pressure

CTA of the neck and/or carotid Assess for alternative causes of
Doppler (if not completed before | stroke
LVAD insertion)

CT of the chest and CXR

Manage hypertension

Assess device positioning (look
for kinking of cannula or device
obstruction)

Make recommendations for stroke
management (BP guidelines, surgical
intervention if hemorrhagic, etc)

Neurology and/or neurosurgical
consultation

BP indicates blood pressure; CT, computed tomography; CTA, computed
tomography angiography; CXR, chest x-ray; INR, international normalized
ratio; LVAD, left ventricular assist device; PT, prothrombin time; PTT, partial
thromboplastin time; and VAD, ventricular assist device.

dysfunction with increased mortality.** The majority of
patients with MCS have ICDs at the time of implantation,
and appropriate ICD intervention occurs in up to 34%
of supported patients.**** In this population, arrhythmias
may be precipitated by ventricular collapse related to
“suction events.” After ICD discharge, assessment for
a correctable problem (eg, hypovolemia, excess pump
speed, electrolyte abnormality) can reduce the risk of
recurrent shocks. Antiarrhythmic agents may be useful
in decreasing arrhythmias and subsequent ICD firings,
which have a significant impact on quality of life.*®> Cathe-
ter ablation of unstable ventricular tachycardia has been
successfully performed in patients on MCS.46

Device Interrogation

Device (ICD and cardiac resynchronization therapy) func-
tion should be assessed postoperatively because dis-
placement of the generator and leads during the surgery
has been described.*’*® Electromagnetic interference
is reported with some ICDs and implantable pacemak-
ers, and telemetry function may be lost; however, the
device continues to function normally.*® Most defibrilla-
tors and pacemakers do not interact and are safe to use
after MCS. It is generally recommended that patients
who have incompatible devices undergo implantation
with an alternative compatible device.®** Successful ICD
programming with an incompatible device has been de-
scribed by shielding the ICD programmer or extension
cable with aluminum or steel and by using a program-
ming wand during interrogation.*® Because of the risk of
ventricular arrhythmias after MCS therapy and the unique
circumstances of the patient on MCS, multidisciplinary
management including electrophysiology is important.

Circulation. 2017;135:¢1145-e1158. DOI: 10.1161/CIR.0000000000000507
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Infection

Infection remains one of the most common causes of
morbidity and mortality during VAD support. Currently, the
incidence of device infection is roughly 30% at 3 years.3
The percutaneous lead exit site through the skin poses
risk for infection; trauma is the leading cause because a
break in the healing seal formed at the driveline exit site
provides a portal for infection. Patients and their families
are trained in the immobilization of the percutaneous lead,
meticulous exit-site care, and the prevention of pulling or
dropping the external device components to minimize
device infections.&%° Abdominal binders, additional gauze
and tape, stoma-adhesive transparent dressings,® and
other securing devices are essential to reduce traction
and infection of the driveline exit site. Exit-site dressing
protocol and frequency vary from center to center.

EMERGENCY PATIENT ASSESSMENT

When a patients on MCS is unstable, the MCS center
should be contacted immediately. Patients are issued
center contact information and basic emergency proto-
cols to assist first responders in rapid assessment and
stabilization. Because family caregivers are knowledge-
able about device function and emergency protocols,
they should assist in emergency management until com-
munication is established with the MCS center. The initial
survey of an unstable patient should ignore the presence
of MCS and begin with consideration of conditions such
as arrhythmias, infection, or hypovolemia (Table 5).2 In
addition, bleeding or thromboembolic complications
need to be considered because patients with MCS are
typically on anticoagulation.

Initial Assessment

Despite fixed revolutions per minute, the nature of the
blood flow may be pulsatile or nonpulsatile, depending
on the contractile reserve of the heart. Individual patients
have a variable contribution to CO from the native heart

Table 5. Recommended Diagnostics for Assessment
of Patients on Mechanical Circulatory Support

Chemistries
CBC

Urine analysis
LDH

PT/INR

ECG

Chest x-ray

Consider pacemaker interrogation

CBC indicated complete blood count; INR, international normalized ratio;
LDH, lactate dehydrogenase; and PT, prothrombin time.
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and the device. This may change as a natural response
to dynamic physiological conditions such as heart rate,
circulatory volume, or vasodilation. If the device pro-
vides the majority of the CO, the aortic valve may open
intermittently or not at all. No aortic valve opening is
seen with severe LV dysfunction or high pump speed.
In this circumstance, the arterial pulse pressure will be
low, and the patient may not have a palpable pulse. Al-
ternatively, with substantial native heart function or lower
pump speeds, LV ejection will occur through the aortic
valve. In this scenario, regular aortic valve opening and
higher arterial pulse pressures are seen.

A unique approach is necessary when a clinical as-
sessment is performed. Because patients may not have
a palpable pulse, standard assessment of vital signs
such as blood pressure, heart rate, and pulse oximetry
may be unreliable. Initially, an attempt should be made to
measure the blood pressure with an automated sphyg-
momanometer. This will be possible *50% of the time5!
because Korotkoff sounds may not be detectable be-
cause of low pulse pressure. Manual assessment with a
Doppler ultrasound sphygmomanometer may be neces-
sary to determine the pressure at which brachial artery
blood flow resumes. Using Doppler requires special ex-
pertise and produces a single measurement that may
represent the systolic blood pressure or mean arterial
pressure (in situations when the pulse pressure is low).
Current guidelines recommend maintenance of a mean
systemic BP of <80 mmHg (Class llIb, Level of Evidence
C).>2 For more acutely ill patients, telemetry and invasive
hemodynamic monitoring with an arterial line or pulmo-
nary artery catheter may be necessary.!! Patients with
MCS who have any acute illness will respond physiologi-
cally to maintain adequate perfusion, similar to patients
not on MCS. A knowledgeable clinician in consultation
with the implanting center can safely stabilize patients.

Confirm Power

Power is delivered through 2 power sources (batteries
or alternating-current power source) at all times via the
controller to a percutaneous lead that exits the abdominal
wall. Damage to this percutaneous lead can compromise
the power supply, and this situation can be rectified only
by a percutaneous lead repair or pump exchange, which
requires transfer to a MCS center. When only one of the
power cables is disconnected from the controller, the
pump will function properly, but an alarm will sound to re-
quest a second power source. If both power supplies are
disconnected at the same time, the pump will stop until
at least one power source is restored. If there is concern
for power failure, all connections should be checked and
the power confirmed. If battery power is low, either the
batteries should be replaced or the configuration should
be changed to alternating-current power. When the power
source is confirmed but there is no pump function (by
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auscultation or persistent red heart alarm), the controller
should be exchanged for the backup controller. Should a
controller exchange be required, the caregiver or the pa-
tient if conscious may be able to perform this exchange
because they have received training. A website has field
guides that provide useful information for troubleshooting
problems with currently available devices.*

Pump Stoppage

Cessation of pump function is rare with continuous-flow
MCS devices because of improved mechanical reliability
and long-term durability compared with earlier-generation
pulsatile MCS.1253 Power failure is the most common
cause of pump stoppage. Pump stoppage can result in
stagnant blood flow and possible thrombus formation.
Inadequate circulation may lead to altered mental status,
cyanosis, and signs of heart failure. Restarting the pump
after prolonged stoppage can result in stroke or other
systemic thromboembolic complications. In the setting
of pump failure, it is imperative that care be managed
in collaboration with the MCS center. Patients who are
comfortable, awake, oriented, and without evidence of
heart failure are unlikely to have a severe device mal-
function or pump stoppage. To confirm that the device is
running, a stethoscope can be placed over the pump in
the left upper abdomen, and a constant mechanical hum
will be audible. Because under normal operation the pa-
tient may not have a peripheral pulse, sufficient arterial
flow may need to be confirmed by clinical examination or
Doppler. If the device alarm is not sounding, the problem
is not likely to be device malfunction. Cardiogenic shock
may be a consequence of pump stoppage and should
be evaluated for and treated the same as shock in a
patients not on MCS.

Transport

Patients with evidence of controller or pump malfunction
require immediate evaluation at the nearest center with
MCS experience; however, the unstable patient with MCS
should be transported to the nearest hospital for stabi-
lization. During transport, care must be taken to avoid
excessive tension on the percutaneous lead, which can
result in device malfunction or exit-site trauma. Further-
more, care should be used to avoid kinking or cutting the
percutaneous lead if clothing needs to be removed. Pe-
ripheral equipment (backup batteries, backup controller,
universal battery charger, and alternating-current power
charger) should be transported with the patient.

Alarm Assessment

There are 2 levels of alarms: advisory and critical
(Table 6). Critical alarms are constant, are associated
with red warning lights, and can be silenced for only
short periods. All critical alarms require immediate
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Table 6. Causes of VAD Alarms

Potential
Causes Advisory (Noncritical) Critical
Power Power source disconnect | Driveline disconnect
Low battery power Depleted batteries
System controller internal | Power module
battery depleted disconnect (if not
connected to batteries)
Hardware System controller Pump stoppage (failure)
dysfunction System controller
Lead fracture malfunction
Low flow Low flow and/or suction Extremely low flow
event Speed too high or low
Speed too high or low Hypovolemia
Hypovolemia RV dysfunction
RV dysfunction Tamponade
Tamponade Inflow cannula
Inflow cannula obstruction
obstruction Hypertension
Hypertension Inflow/outflow
Inflow/outflow obstruction
obstruction Arrhythmia
Arrhythmia RV dysfunction
High power | Increased power
Thrombus
Hypertension
Electric fault
Evaluation Call primary LVAD team Call primary LVAD team
Assess urgently within 24 h | Immediate evaluation
Auscultate over the device | Auscultate over the device
Doppler blood pressure Doppler blood pressure
PT/PTT, INR PT/PTT, INR
LDH LDH
ECG ECG
CT/CXR to assess Inspect driveline and
cannula/device positioning | power cable connections
Inspect power cable (broken pins)
connections Pulmonary artery
catheterization
Management | Replace batteries or Replace batteries or
options connect to power module | connect to power
Intravenous fluids module
Inotropes Exchange system
Exchange system controller controller
Hypertension control ACLS (when appropriate)
Anticoagulation/ Treat for cardiogenic
thrombolysis shock

ACLS indicates advanced cardiac life support; CT, computed
tomography; CXR, chest x-ray; INR, international normalized ratio;
LDH, lactate dehydrogenase; LVAD, left ventricular assist device; PT,
prothrombin time; PTT, partial thromboplastin time; RV, right ventricular;
and VAD, ventricular assist device.
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assessment and action because they indicate an impend-
ing loss of hemodynamic support.>*% The first response
to a critical alarm is to identify adequate power supply and
intact cable connections. If the alarm persists, exchange
of the controller to the backup controller should be con-
sidered according to MCS center recommendations.

Advisory alarms are intermittent audible alarms that
are associated with yellow warning lights.5% They can
be silenced for prolonged periods and indicate a minor
problem with the patient or the device. Although they
require immediate attention, advisory alarms can be ad-
dressed in a nonemergent fashion because events that
trigger advisory alarms have little effect on hemodynam-
ics and are unlikely to be associated with clinical dete-
rioration. The asymptomatic patient who does not have
a change in pump parameters can have device function
evaluated at the next routine appointment if cleared by
the MCS implanting center. Frequently, advisory alarms
can be assessed by telephone without the need for
transport to the implanting center or local hospital emer-
gency department. The most common advisory alarm
occurs with either a disconnected power cable or low
battery life. An advisory alarm accompanied by clinical
symptoms or changes in pump parameters should be
treated as a critical alarm.

Approach to Advanced Cardiac Life Support

Because of the mechanical circulatory circuit, patients
with MCS may remain hemodynamically stable even dur-
ing malignant ventricular arrhythmias. Standard chest
compressions as part of resuscitation efforts must be
reserved as a last resort because they can lead to MCS
cannula dislodgement or cardiac injury.

If the pump is running normally, the unconscious patient
may have adequate circulation despite arrhythmia or pulse-
lessness. Confirmation of circulation should be assessed
by Doppler assessment of mean arterial pressure immedi-
ately. Standard cardiac life support procedures should be
initiated with adaptations based on the presence of artifi-
cial circulation.3*% When indicated per advanced cardiac
life support protocols, pacing, defibrillation, and pharma-
cological interventions, including fluid resuscitation, should
be performed before external chest compressions. Po-
sitioning of defibrillation pads directly over the implanted
pump should be avoided.® Patients with continuous-flow
MCS should not be disconnected from their power source
before defibrillation. If perfusion is absent or inadequate,
external chest compressions may be warranted.

END-OF-LIFE DECISION MAKING

Palliative Care and Hospice

Whether patients with advanced heart failure choose
medical management or MCS implantation, referral to
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palliative care is an important “actionable” step at the
time of informed consent. Referral to palliative care
should be viewed as an adjunctive service, not as an
alternative service, especially for patients considering
destination therapy. Not to be confused with hospice
or withdrawal of care, the focus of palliative care is to
improve quality of life through the prevention and relief
of suffering.%® Involvement of palliative care services
in the multidisciplinary team leads to increased patient
satisfaction with the quality of care.>” During the patient
selection process, the palliative care team can mobilize
important services such as symptom management and
psychological or spiritual support.

Because of the unique circumstances that occur at
the end of life in patients with MCS, specific advance
directives should be completed before device implanta-
tion, with emphasis on what the patient would desire in
the case of serious complication.?®-¢% Qver the course
of treatment after MCS, the palliative care team is valu-
able to support patients and caregivers, especially if a
catastrophic complication occurs after implantation (eg,
debilitating stroke or overwhelming infection).6:62 After
a serious adverse event or in the setting of profoundly
impaired quality of life, the palliative care team can rec-
ommend hospice.

Withdrawal of Long-Term MCS

MCS is life-sustaining therapy, and elective withdrawal
of support may be appropriate when quality of life is no
longer improved and continued support would in effect
prolong suffering.®263 In this scenario, withdrawal of life
support, allowing patients to simply succumb to their
underlying condition, is morally, legally, and ethically ac-
ceptable on the basis of a determination of benefits and
burdens of the treatment.>86264 Patients with MCS may
request that the device be turned off, and physicians are
obliged to respect a competent patient’s (or surrogate de-
cision maker’s) request. A comprehensive end-of-life plan
of care focused on the conditions that a patient would
expect might lead to withdrawal of life-sustaining therapy
should be defined before implantation®® and should be
revisited over the course of patient care.®%? The device
can be deactivated in the hospital or at home, according
to patient preference. Patient comfort is a high priority.
Administration of anesthetics, analgesics, and anxiolyt-
ics at appropriate doses can relieve symptoms and re-
duce suffering. A successful approach is to include team
members who are capable of deactivating the device and
alarms and providing comfort care to the patient and psy-
chological support to the family and care team.26¢

COMMUNITY OF CARE PROVIDERS

From the time of referral for advanced heart failure ther-
apy to the initiation of formal evaluation to the patient’s
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return to the comforts of home, a community of provid-
ers is necessary. In this unique patient population, spe-
cialized implantation centers must coordinate care with
local first responders (emergency medical technicians,
police, and fire department personnel), emergency de-
partment staff, and primary care and referring cardiolo-
gists. As these patients return to a robust lifestyle, they
also return to work and school, as well as travel on pub-
lic transportation, cruise ships, and commercial airlines.
A coordinated effort allows competent and supportive
care to a group of patients for whom both quality of life
and longevity are highly valued.

CLINICAL SUMMARY

Patient Evaluation

1. The primary MCS team should be contacted for
any patientrelated emergencies.

2. In non-lifethreatening situations, care provid-
ers inexperienced with the management of MCS
should defer device management to patients and
their family caregivers until contact can be estab-
lished with the MCS center or device company
technical support.

3. Whenever possible, emergency medical service
providers who will be transporting a patients on
MCS should also transport the patient’s backup
and peripheral equipment.

4. A Doppler probe and a manual cuff can be used
to obtain blood pressure in a patient supported by
continuous-flow MCS because the automated mea-
surement of heart rate, pulse oximetry, and blood
pressure may be unreliable in this setting.

5. Once pump function is established, assessment
of the unstable patient on MCS should begin with
a general evaluation of the patient for the inciting
condition (eg, arrhythmia, hypovolemic or distribu-
tive shock, and acute blood loss).

6. Outpatients who present with MCS device stop-
page should not have the device restarted without
the guidance of the primary MCS center.

Pump Evaluation

1. Device parameters such as power, speed, flow,
and pulsatility should be recorded throughout the
patient’s course.

2. If battery power is low, either the batteries should
be replaced or the configuration should be changed
to wall power.

3. When power source is confirmed but there is a
persistent device alarm, the controller should be
exchanged for the backup controller.

4. If thrombus is suspected, assessment for hemolysis,
including lactate dehydrogenase, is recommended.
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Chronic Medical Management

1. The percutaneous lead should be secured to
reduce traction and infection because driveline
trauma is the primary cause of driveline infections.

2. A strict aseptic protocol should be followed when
dressing is changed.

3. Patients should receive physical and occupational
therapy while hospitalized and referral for cardiac
rehabilitation at hospital discharge.

4. Treatment with evidence-based heart failure medical
therapies could be beneficial in patients on MCS.

5. Evidence-based management of comorbid condi-
tions (eg, hypertension, hyperlipidemia, and diabe-
tes mellitus) is recommended.

Well-Being and End of Life

1. If psychiatric disability is present after MCS, refer-
ral to mental health providers for care, including
medication management, counseling, or cognitive
behavioral therapy, is recommended.

2. Palliative care involvement is indicated during MCS
evaluation and for patients with MCS, especially
when receiving destination therapy.

3. When the prognosis is poor for patients with MCS
and their suffering and burden outweigh the ben-
efits, deactivation of the MCS device should be
discussed with the patient and family caregivers.
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