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Introduction

The use of mechanical circulatory support (MCS) as 
treatment for advanced heart failure (HF) has grown 
exponentially over the past 15 years. The continuous 
flow left ventricular assist device (CF-LVAD) has become 
the most used form of MCS in advanced HF, especially 
since approval of use as destination therapy (DT) (1) and 
with the lack of organ availability. Long-term survival 
has improved and diligent outpatient management is 
thus particularly critical to achieve optimal outcomes. 
Most current guidelines for outpatient care are based on 
single randomized or non-randomized studies or expert 
opinion (levels of evidence B and C) (2). Nonetheless, these 
recommendations are important in optimizing survival, 
outcomes, and quality of life for patients. This review will 
discuss important outpatient management strategies for 
patients with HF and a left ventricular assist device (LVAD).

Heart failure (HF) management

It is important to remember that the LVAD is placed as 
part of the treatment for HF. The LVAD does not cure 
HF and only supports the left ventricle. Therefore, HF 
can and will still occur after LVAD implant and should be 
managed in accordance with the most recent guidelines 
for MCS care and the American College of Cardiology 
Foundation/American Heart Association guidelines for 
Heart Failure (2,3). This includes the use of angiotensin 
converting enzyme inhibitors (ACEI), angiotensin receptor 
blockers (ARB), beta blockers, and aldosterone inhibitors 
to counteract the neurohormonal upregulation that occurs 
in HF and is known to cause unfavorable myocardial 
remodeling. Additionally, diuretics should be used for 
volume management and vasodilators (hydralazine and 
nitrate combination) for further afterload reduction and 
in the setting of elevated pulmonary vascular resistance, as 
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needed. A caveat is that a patient may not tolerate the same 
HF medical therapy that was tolerated pre-LVAD implant, 
and the technical challenges associated with accurate 
measurement of blood pressure (BP) can make provision of 
the conventional constellation of neurohormonal blockade 
somewhat more difficult. Therefore, medications should 
be instituted and adjusted carefully based on symptoms and 
tolerance.

From a HF perspective, caring for a HF patient with 
an LVAD is similar to caring for a HF patient without an 
LVAD. The clinical exam findings of HF include elevated 
jugular veins, lower extremity edema, increased shortness 
of breath, orthopnea, paroxysmal nocturnal dyspnea, 
abdominal fullness, nausea, and early satiety, to name a few. 
A comprehensive cardiac exam, discussion of HF symptoms 
and functional status and review of pump parameters and 
alarm history should occur at each outpatient visit. LVAD 
parameters that may indicate right ventricular (RV) failure 
or HF decompensation include decreased pump flow and/or  
low pulsatility (4). A careful history and assessment may 
identify subtle changes that are indicative of an impending 
HF decompensation. Immediate action on the part of the 
provider may prevent a hospital admission, similar to a HF 
patient without an LVAD. Weight and pump parameter 
monitoring, following a low sodium diet, and symptom 
reporting are important home surveillance strategies that 
should be included in patient education. It is also typical 
for patients to continue to need loop diuretics after LVAD 
implant, although the dose is often much lower. These 
strategies are helpful in identifying potential LVAD issues 
or HF decompensation early allowing for immediate 
intervention.

Device management

Strategies to set pump speed are aimed at optimizing 
cardiac output and pump flows without causing RV failure, 
left ventricular (LV) suction events, or aortic insufficiency 
(AI) from fusion of leaflets (5). The initial speed at the time 
of implant is often different than the speed required after 
the patient’s status has changed following rehabilitation. 
Furthermore, the optimal fixed speed may change as the 
duration of LVAD support increases. Long-term variables 
such as RV function, AI, and ventricular reverse remodeling 
will affect the optimal pump speed. Thus, evaluation of 
whether the current pump speed is still optimal should 
occur at most visits.

Echocardiogram is an important imaging tool used to 
guide speed optimization and evaluate LVAD function. It 
should be performed at routine intervals after implant to assess 
for appropriate pump function, optimal LV decompression, 
presence of/severity of AI, and RV function (2,4).  
The 2013 International Society of Heart and Lung 
Transplantation (ISHLT) guidelines for MCS recommend 
an echo every 6 months for the first 2 years after LVAD 
implant and then annually (2). An echocardiogram may 
be helpful in the setting of a change in clinical status or 
symptoms, such as with low output symptoms, cardiac 
arrhythmias, or abnormal device parameters indicating 
suboptimal pump function. The images may help guide 
testing and treatment decisions.

When reviewing an echocardiogram, it is important 
to note the size of the LV to assess for appropriate 
decompression while avoiding over-decompression, 
which puts strain on the RV and may result in suction 
events. It is helpful to note the position of the septum, as 
a rightward shift indicates suboptimal LV decompression 
or fluid overload and a leftward shift suggests LV over-
decompression or RV failure. Either situation may suggest 
a speed adjustment. Visualization of the inflow and outflow 
cannulas should include Doppler interrogation to assess 
for any turbulent or accelerated flow, which could suggest 
thrombus either within the pump or in the inflow or 
outflow cannula.

Right heart catheterization (RHC) is an important 
diagnostic tool in the outpatient setting that is used to guide 
management, much like prior to implant. Per the 2013 
ISHLT MCS guidelines, RHC should be done post implant 
in the setting of persistent or recurrent HF symptoms after 
MCS placement. It is also recommended at routine intervals 
for patients who are listed for heart transplant to monitor 
pulmonary artery pressures, as pulmonary hypertension 
(HTN) can lead to early graft dysfunction or failure 
following heart transplantation (2,6). As previously noted, 
patients with LVAD support still have issues with HF. 
Therefore, there is the potential for frequent medication 
adjustments to improve volume status and afterload 
reduction in the outpatient setting. Oftentimes these efforts 
are successful, but there are instances when diuresis and 
afterload reduction are not successful in removing volume 
and improving symptoms, or efforts may result in renal 
dysfunction or worsening symptoms. In this situation, or 
when the etiology of the patient’s symptoms are not clear, a 
RHC should be considered.
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Hypertension (HTN)

HTN is a risk factor for complications and poor outcomes 
in the setting of a CF-LVAD (2,4). The CF-LVAD is an 
afterload sensitive device, and increased afterload will result 
in decreased flow through the pump. Decreased pump 
flow will contribute to low cardiac output and symptoms of 
HF and is thought to increase the risk of device thrombus 
due to a relative increase in blood stasis with the pump. 
Furthermore, HTN may contribute to the development 
and progression of AI, vascular disease, and ischemia-
related ventricular arrhythmias (VA). HTN is a well-known 
risk factor for ischemic and non-traumatic hemorrhagic 
stroke in an individual without an LVAD. In a patient with 
a CF-LVAD who is anticoagulated and has HTN, the risk 
of hemorrhagic stroke is even more significant, with an 
incidence of 0.05-0.09 events per patient year (6-8) and is 
one of the leading causes of death after implant (9).

HTN management in the outpatient setting is imperative 
in order to decrease adverse events and complications 
in patients with a CF-LVAD. The most recent ISHLT 
guidelines for MCS recommend a goal mean arterial pressure 
(MAP) <80 mmHg for patients with a CF-LVAD (2).  
This can be achieved with afterload reduction and volume 
management. Diuretics should be used for volume 
management and neurohormonal blocking agents for 
afterload reduction should be considered. ACEI, ARB, and 
beta blockers should be considered due to neurohormonal 
antagonism properties. In the event that ACEI or ARB is 
not tolerated or is contraindicated, vasodilator therapy with 
hydralazine and nitrates should be used (3). Additionally, 
patient comorbidities such as diabetes mellitus and 
tachyarrhythmias should be considered when choosing BP 
lowering agents (2). As with any medication change, the 
patient’s response to the medication should be monitored 
closely to assess for adverse effects and response to therapy. 
This includes any monitoring of electrolytes and renal 
function that may be indicated in addition to any side effects 
that may occur.

Accurate noninvasive BP monitoring is challenging in 
patients with CF-LVAD. CF-LVADs produce low pulsatile 
flow, which results in lower systolic BP and pulse pressure. 
The lack of pulsatility results in difficulty assessing BP 
with a traditional BP cuff. The gold standard for BP 
management in the setting of a CF-LVAD is an invasive 
arterial line (2,10). This is not feasible in the outpatient 
setting, and studies have shown that automated BP cuffs are 
only successful 50% of the time in obtaining a BP reading, 

due to the reduced pulsatility and pulse pressure with a CF-
LVAD (11). Since HTN management is such an important 
aspect of long term LVAD management, investigations 
into the use of Doppler measurement of BP with a 
sphygmomanometer as well as newer cuff technologies have 
been described. Separate investigations have demonstrated 
that Doppler BP measurement most closely reflects arterial 
line systolic BP measurements, but may closely represent 
the MAP in situations of low pulse pressure (12,13). The 
Terumo Elemano BP monitor uses a slow-cuff deflation 
technology that has been shown to correlate with arterial 
line measurements. The advantage to this device is that is 
require less technical expertise in obtaining a BP than the 
use of Doppler measurement (12,13). It is important to 
determine the most accurate method of BP measurement 
in each patient based on the amount of pulsatility and pulse 
pressure that the patient has with CF-LVAD support and to 
target a MAP <80 mmHg (2).

Arrhythmias

Both atrial arrhythmias (AA) and VA are common post CF-
LVAD placement with a 20% incidence of AA and 30% 
incidence of VA (14,15). AA are most common in the first 
60 days after implant due to hemodynamic changes and the 
inflammatory response within the myocardium secondary 
to the surgical procedure, but late AA may also occur. AA 
have not been shown to impact survival post LVAD, but 
have been associated with decreased functional status and 
quality of life, and has been suggested to increase risk of HF 
hospitalization and mortality (14,16). VA are common after 
LVAD. This is hypothesized to be due to the apical scarring 
around the inflow cannula and in the event of suction 
events due to over-decompression of the LV. Therefore, 
the presence of an LVAD does not decrease the risk of VA 
burden. In some instances, it may increase the burden (17).

In the outpatient setting, it is important to assess for 
signs and symptoms of arrhythmias. AA may manifest as 
decreased activity tolerance, worsening fatigue, volume 
retention, or increased dyspnea; essentially symptoms of 
decompensated HF. The LVAD parameters may reveal a 
decrease in pulsatility or flow. In a patient with a history of 
AA, it is important to keep AA on the list of differentials 
when a patient presents with new or worsening symptoms 
or a change in LVAD parameters. VA often present as 
lightheaded/dizzy episodes, syncope, presyncope, or 
intermittent palpitations and often result in decreased 
pulsatility on the LVAD parameters. In both AA and VA, 
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the duration of low pulsatility may vary, depending on the 
duration of the arrhythmia. Useful tools in diagnosing AA 
or VA in a patient with an LVAD are careful history and 
physical exam, assessment of LVAD parameters and history, 
12-lead electrocardiogram, and interrogation of the internal 
cardioverter defibrillator (ICD). In the presence of an 
LVAD, arrhythmias are often tolerated by the patient due 
to the presence of LV unloading and less work requirement 
of the native LV. Prolonged ventricular fibrillation has even 
been reported (18). However, in the setting RV dysfunction, 
AA or VA may not be as well tolerated (14,15,17).

Due to evidence that the presence of an LVAD 
improves tolerance to VA, the utility of ICD post LVAD 
implant has been explored in the literature. The current 
ISHLT guidelines recommend reactivating the ICD post 
LVAD implant in patients who had an ICD in place prior 
to implant. The guidelines suggest considering ICD 
placement in patients who did not have an ICD prior to 
implant (2). Other investigators have demonstrated that VA 
are not associated with a worse prognosis, VA in the setting 
of an LVAD does not result in sudden cardiac death, ICD 
therapy is not associated with long-term survival benefit 
after CF-LVAD, and patients may experience inappropriate 
shocks from the ICD (15,17,19,20). This evolving area of 
knowledge should be considered within the context of the 
individual patient and the current guidelines.

Aortic insufficiency (AI)

The impact of LVAD on the aortic valve (AV) was noted 
long before the continuous flow era (21) and was recently 
reviewed (22). AI is a common complication after prolonged 
LVAD support and is a result of the AV adapting to the 
continuous flow physiology of the LVAD and lack of systemic 
pulsatility that the AV is accustomed to. This can result in AV 
and annulus remodeling and subsequent regurgitation. The 
development and progression of AI should be monitored 
through routine echocardiography (2,5,23).

AI causes an ineffective circulatory loop as a portion 
of the LVAD flow moves through the AV into the LV and 
then regurgitates back through the device. This results in 
inefficient forward flow into the systemic circulation and 
can result in inadequate LVAD flows, poor perfusion of end 
organs, and increased LV diastolic pressures (23). The long 
term prognosis and rate of progression of AI is not entirely 
clear (23) and is still being studied, but it is clear that 
significant AI can lead to negative hemodynamic effects and 
patient symptoms. Therefore, it is important to minimize 

the amount of AI by assuring optimal pump speed and 
optimizing BP management in the outpatient setting.

In order to minimize AI, the speed of the LVAD should 
balance adequate unloading of the LV, intermittent AV 
opening, and maintaining a midline septum without shift. 
HTN management is also critical in minimizing AI. 
HTN increases the transvalvular gradient, which leads 
to structural changes in the AV that worsen AI. HTN 
management will assist in controlling the degree of AI (2,23), 
and principles for BP management that were discussed 
earlier should be followed.

While there are no defined treatment algorithms for 
AI following LVAD placement, surgical intervention may 
be considered when AI is severe, refractory to medical or 
device management, and is causing symptoms (23). Surgical 
options include replacement of the AV with a bioprosthetic 
valve, AV repair, AV closure, or percutaneous AV closure 
or replacement. All of these options carry procedural 
and operative risks as well as the risk of AI recurrence 
and should be discussed thoroughly with the patient, 
cardiologist, and surgeon (23,24).

Anticoagulation and managing complications

Anticoagulation and antiplatelet therapy is administered 
after LVAD due to the potential for device thrombus 
formation and embolic events. Patients require long-term 
anticoagulation with warfarin with a goal international 
normalized ratio (INR) targeted for the LVAD and 
patient comorbidities. Additionally, antiplatelet therapy is 
indicated, most commonly in the form of aspirin, with the 
dose targeted to the specific LVAD (2,6). Other antiplatelet 
agents (clopidogrel, dipyridamole) may be considered in 
the event of a true aspirin allergy or if dual antiplatelet 
therapy is indicated. The newer anticoagulants (i.e., 
rivaroxaban, dabigatran) are not recommended in place of 
warfarin due to the inability to reverse these agents in the 
setting of a significant bleeding event, at the time of cardiac 
transplantation, or other emergent surgical procedure.

Bleeding complications are an obvious potential 
complication in the setting of chronic anticoagulation and 
antiplatelet therapy with long term LVAD support. In 
major LVAD trials, there was a 40-80% chance of bleeding 
requiring transfusion following LVAD and 15-30%  
chance of bleeding requiring surgery (6,25). There are a 
few hypothesis as to why this increased risk of bleeding 
occurs. First, acquired von Willebrand syndrome with a 
reduction in high molecular weight von Willebrand factor 
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multimers occurs early after LVAD implant. There are also 
changes in the coagulation system that are induced by the 
LVAD, including reduced levels of factor XI and XII, both 
of which play an important role in normal hemostasis (5,26).  
Additionally, the lack of pulsatility of the CF-LVAD and 
increased shear stress on the vasculature are felt to also 
contribute to bleeding risk (4).

The  mos t  common s i t e  o f  b l eed ing  i s  in  the 
gastrointestinal (GI) tract (2,6,26). Studies have demonstrated 
up to a 40% incidence of GI bleeding following LVAD 
implant (26). Bleeding can occur anywhere in the GI tract 
and tends to be recurrent. Arteriovenous malformations are 
an angiodysplasia that occur as a result of the nonpulsatile 
LVAD and are often the culprit sites of bleeding found with 
endoscopy. Unfortunately, the source of bleeding in the GI 
tract is often not able to be identified, and the etiology is 
attributed to the acquired bleeding diatheses that are well 
documented in this population (2,5,26).

Balancing the simultaneous risks of bleeding and 
thrombosis pose a particular challenge in CF-VAD 
patients (27). This is especially true when approaching 
anticoagulation in patients with post implant bleeding 
complications. LVAD programs often follow a system that 
involves discontinuing anticoagulation and transfusing 
with blood if hemoglobin levels are critical. In some cases, 
reversing anticoagulation is necessary. It is important 
to identify and treat the area of bleeding, if possible. 
Once the source is identified and treated, blood has been 
replaced, hemostasis and hemodynamic stability are 
achieved, anticoagulation is often resumed on a case-by-
case basis. The severity of the bleeding episode, number 
of recurrences, cause of bleeding, age of the patient, and 
risk of thrombosis should all be taken into consideration. 
Patients are often restarted on aspirin or warfarin 
alone and then are followed closely in the outpatient 
setting for recurrent bleeding, hemoglobin trends, and 
anticoagulation management. The second agent may or 
may not be added back at some point, depending on the 
individual’s clinical course. In some instances, the risk 
of recurrent bleeding and severity of previous episodes 
warrants discontinuing anticoagulation and antiplatelet 
therapy altogether. This decision should be made carefully, 
individually, and with much discussion with the patient 
and caregivers regarding the risks and benefits of stopping 
these medications. Outcomes following reduction or 
discontinuation of anticoagulation have been reported (28).  
The recent TRACE study suggests that patients for whom 
anticoagulation or antiplatelet agents have been stopped, 

have relatively low thrombotic event rates (29).
The development of hemolysis and subsequent pump 

thrombosis are potential complications that should be 
monitored and screened for in the outpatient setting. The 
exact mechanism of clinical hemolysis during MCS is not 
entirely understood. It is thought that the CF-LVADs 
may contribute to red blood cell fragmentation through 
increased shear stress associated with continuous flow 
physiology. Additionally, some have proposed that there are 
changes in host coagulation and immunity that may increase 
hemolysis risk (30-32).

Prevention of and screening for hemolysis has become 
of utmost importance in the last 2 years due to the 
increase in reporting of LVAD thrombosis and recent data 
suggesting that lactate dehydrogenase (LDH) is a sensitive 
and specific serum marker for hemolysis and early marker 
of thrombus deposition that should be followed in the 
outpatient setting (33-36). An LDH elevation of 2-2.5 times 
the upper limit of normal is considered to be suggestive 
of hemolysis (33,35). Other clinical signs of hemolysis 
include unexplained symptoms of HF, dark urine, elevated 
plasma-free hemoglobin, bilirubin, transaminases, and 
creatinine. These should be assessed at each outpatient visit. 
LVAD parameters should be monitored on a daily basis 
by the patient and a review of the device history should 
occur at the clinic visit. If a slow trend increase in power 
consumption is noted or frequent spikes in power, device 
thrombus should be suspected and further investigation is 
warranted.

Imaging techniques that may be helpful in diagnosing 
hemolysis or suspected pump thrombus are chest x-ray 
or chest computerized tomography (CT) and ramp 
echocardiogram (37). X-ray or CT assesses inflow 
cannula positioning and possible mechanical etiology for 
hemolysis. Ramp echo involves assessing the amount of 
LV decompression with increasing VAD speed, although 
loading conditions are critical (38) and differ by type of 
pump (39). Suboptimal LV decompression raises further 
suspicion for thrombus in the pump, which prohibits 
adequate LV unloading (40) It is important to consider the 
entire clinical picture when evaluating for hemolysis and/or  
suspected device thrombosis and to act quickly if either 
condition is confirmed. Intensification of anticoagulation 
and/or antiplatelet therapy should be considered. This often 
includes hospital admission for intravenous anticoagulation 
therapy and serial monitoring of hemolysis markers. In 
the event that pump thrombus is confirmed and there is 
hemodynamic compromise, LVAD pump exchange should 
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be considered. Recent publications have advocated for early 
pump exchange (35), but the entire clinical picture, patient 
comorbidities and surgical risk should be considered.

In order to prevent bleeding, hemolysis, or thrombotic 
complications after LVAD implant, precise anticoagulation 
and antiplatelet therapy management in warranted (2,4). 
Therapies should be tailored to each individual patient 
depending on device type, patient comorbidities, and previous 
history of bleeding, thrombotic events, and hemolysis. 
Figure 1 illustrates a potential protocol for addressing 
common challenges faced when following long-term  
anticoagulation in a patient with a CF-LVAD.

Chronic outpatient medical management of a patient 
with an LVAD is complex with the possibility of numerous 

confounding variables. The following table (Table 1) outlines 
common issues encountered and suggested assessment and 
management strategies to consider.

Driveline care and management

As long as the LVAD has direct communication from inside 
to outside the body, there remain challenges with driveline 
site care and maintenance of sealed surface at the exit site 
to prevent infection. Infection prevention begins prior 
to surgery with antibiotic prophylaxis and standard post-
operative skin preparation. Recent data has also noted the 
advantage of “burying the velour” (41). Infection prevention 
continues throughout the life of the LVAD with appropriate 

Postoperative 

anticoagulation

Document baseline LDH 

in medical record

Increase frequency 

monitoring INR and LDH

Standardized response to   

sub-therapeutic INR

Intensify monitoring if 

antibiotics started

ASA 325 mg with new antibiotics
Weekly INR and LDH until 2 weeks after 

completion of antibiotics 
(Do not need continued monitoring if chronic 

suppressive therapy)

Over 1 year since implant
If INR ≤0.5 below goal, Rec ASA 325 mg  

until at goal, recheck 48-72 h
If INR >0.5 below goal, bridge

 with LMWH* vs. heparin per provider

2×/week for 1st month (may defer LDH in hospital)

1×/week for 3 months after discharge

Every other week for 6 months from implant date

Within 1 year of implant
INR ≤0.3 below goal:

If ASA 81 mg QD, increase to 325 mg,  
recheck INR 48-72 h

If INR >0.3 below goal, bridge 
 with LMWH* vs. heparin per provider

Define “baseline” LDH at 1st outpatient visit
Change of 50% triggers reconsideration of goals 

(increase INR first, then add antiplatelets)
Change of 100% triggers admission and work-up

POD 1: ASA 325 mg until INR >2

48 h: Fixed-dose heparin (confirm with surgeon)

Standardized response to  

supra-therapeutic INR

If INR >5, recheck STAT

Hold ASA until INR <4

Check INR daily until INR <4

Vit K 2.5 mg PO for INR >10 or 

 in presence of bleeding

*LMWH guideline:  

 IV heparin if prior pump thrombus

Enoxaparin 1 mg/kg BID if EGFR >30 &  

if ok’d with provider  

Criteria for failure of medical therapy
(goal for pump exchange within 48 h)

a) LDH increase (>2-2.5 normal) despite  
hi-dose UFH for 48 h

b) Clinical evidence of progressive HF/shock
c) Urgent (<1 week, etc.) transplant unlikely
d) Frank hemolysis despite IV UFH

Permission to use granted by Peter Eckman, 

MD and Ranjit John, MD, University of 

Minnesota

Figure 1 Approach to anticoagulation and antiplatelet therapy in setting of CF-LVAD. POD, post-operative day; ASA, aspirin; INR, 
international normalized ratio; LDH, lactate dehydrogenase; LMWH, low molecular weight heparin; EGFR, estimated glomerular filtration 
rate; STAT, immediately; CF-LVAD, continuous flow left ventricular assist device.
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Table 1 Some common issues encountered in the outpatient setting with suggested assessments and considerations

Problem Assessment Management to consider

Volume

Hypervolemic • Physical exam findings (JVD, edema)
• LVAD pulsatility reading higher than baseline
• Echo findings: dilated IVC, enlarged LV
• Weight trends
• Dietary history
• Worsening renal function (decreased cardiac output)
• Signs/symptoms of hemolysis or pump thrombus

• Diuretics
• Education about dietary and fluid intake habits
• LVAD speed increase; may consider doing 

under echocardiogram guidance
• RHC if volume overload is refractory to LVAD 

speed changes and/or diuretics
• Hemolysis/thrombus workup

Hypovolemic • Physical exam: flat neck veins, dry oral mucosa, report of 
lightheadedness, orthostasis, dizziness

• Weight loss
• Low pulsatility reading
• Drop in pulsatility and associated lightheadedness with standing
• Suction events
• Lab data: worsening renal function

• Decrease/discontinue diuretics
• Increase oral fluid intake
• LVAD speed decrease if evidence of small LV 

cavity and suction events
• RHC if picture unclear

Persistent or 
intermittent low 
pulsatility LVAD 
suction events

• Volume status
• Signs/symptoms of bleeding
• Arrhythmias
• Signs/symptoms of right HF
• Dizziness, lightheadedness, syncope, presyncope
• Check change in pulsatility with position changes: may further 

support hypovolemia

• Interrogate ICD
• Echo
• Address volume status as indicated
• LVAD speed change if indicated

LVAD power 
spikes

• Lab data to assess for hemolysis: LDH, renal and hepatic 
function, urinalysis

• Consider LVAD parameter, lab, and BP trends
• Signs/symptoms of HF (suggesting pump obstruction)

• If clinical signs of hemolysis present, consider 
admission for IV unfractionated heparin and 
further evaluation/work-up for hemolysis and 
possible pump thrombus (see Figure 1)

• Optimal BP management

Low LVAD flow • New fatigue, dyspnea, exertion limitations
• Flow readings lower than baseline
• Intermittent low flow alarms on LVAD history
• HTN (goal MAP ≤85)
• Enlarged LV size on echo

• Increase pump speed
• BP/afterload management
• If no obvious physiologic cause, consider 

equipment and/or driveline issue

Bleeding • Frank signs/symptoms of bleeding
• Significant drop in hemoglobin with or without signs of bleeding
• Elevated INR
• Low pulsatility
• Lightheadedness, dizziness, syncope, presyncope, new fatigue 

or dyspnea

• Work-up for cause of bleeding
• Reduce or eliminate anticoagulation and/or 

antiplatelet therapy depending on etiology and 
severity of bleeding

• Optimize pump speed if indicated
• Optimize HTN management if indicated

RV failure • Exam and symptom findings consistent with RV failure
• Suction events
• Frequent or intermittent low pulsatility
• Low LVAD flows

• Pulmonary vasodilators
• Pump speed adjustment guided by 

echocardiogram or RHC
• Inotropes

HTN • Low LVAD flows
• Headache
• Lightheadedness
• Dyspnea, fatigue, activity intolerance

• See HTN section in document, use guideline 
directed HF medical therapy and diuretics per 
the HF management guidelines as able

JVD, jugular venous distention; IVC, inferior vena cava; LV, left ventricular; LVAD, left ventricular assist device; RHC, right heart 
catheterization; ICD, internal cardioverter defibrillator; LDH, lactate dehydrogenase; HF, heart failure; IV, intravenous; BP, blood pressure; 
HTN, hypertension; MAP, mean arterial pressure; INR, international normalized ratio; RV, right ventricular.
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wound care and close monitoring of the driveline exit site 
(DLES).

Driveline stabilization and support are essential to 
promote healing of the DLES post-operatively. Surgical 
interventions may be employed at the time of implant to 
assist with driveline stabilization and support. Securement 
during the early post-operative period is essential, as this 
allows for tissue ingrowth around the driveline, which 
prevents outside contamination entering the body. A 
pursestring suture or anchoring stitch may be employed at 
or below the exit site and should stay in place until the exit 
site is healed or until the patient is not able to tolerate the 
sutures (2,42,43). If the sutures are maintained over a period 
of time, the driveline should be assessed to assure the suture 
is not cutting through the outer coating due to repeated 
pressure or trauma.

External securement devices help stabilize the driveline 
over time after the anchoring sutures are removed. This 
can be achieved with the use of an abdominal binder or 
stabilization belt, which the patient is able to wash and 
wear. Adhesive stabilization systems such as Hollister tube 
holders, Centurion anchors, or Statlock device allow for 
more flexible support and securement of the driveline to 
the body and reduce trauma directly at the exit site (42,44). 
An adhesive system may last a week or more before needing 
to be changed, depending on the patient’s activity level and 
dermal properties. It is important to discuss and reinforce 
the long-term plan for driveline securement and support, 
as trauma to the exit site remains the leading predictor of 
DLES infections (2,42,45-47).

Dressing change frequency and techniques at the exit site 
vary among LVAD programs, and are usually completed by 
the support person or LVAD patient. The most common 
practice is for sterile technique and use of chlorhexidine 
gluconate (CHG) solution as the cleaning agent, with 
hydrogen peroxide or povidone-iodine as alternatives (2,42).  
Many centers continue to recommend daily dressing 
changes, although new practices utilizing CHG or silver 
impregnated dressings over the site are allowing some 
patients to decrease frequency to as little as once per week 
(2,42,44). One small, single-center study found comparable 
outcomes with two different approaches (48). Frequency 
may also be related to the center’s shower policy. In general, 
the DLES dressing should be changed after showering 
or if it becomes wet (42). In these cases, more frequent 
showering or activities resulting in excessive perspiration 
may necessitate more frequent dressing changes.

The ability of the patient and caregivers to clean and 

maintain the integrity of the skin around the DLES is 
imperative in promoting healing and preventing infection. 
Education regarding technique (oftentimes sterile) and skin 
cleaning protocol are crucial. Prior to hospital discharge 
after implant, great care should be taken to teach the patient 
and caregivers with the same supplies that will be available 
at home. Repetition is key, as applying sterile gloves and 
maintaining sterility during the procedure are habits that 
take multiple sessions to master. The person who will be 
doing the dressing change should be deemed competent in 
these skills prior to the patient being discharged from the 
hospital.

During outpatient visits, there are several aspects of the 
DLES and care process that should be assessed. The site 
itself should be assessed for evidence of healing and skin 
adhesion to the driveline, as well as ruling out any indication 
of infection or irritation to the site (2). Observation of the 
patient or support person completing the dressing change 
allows for opportunity to assess ongoing competence and 
reinforce any techniques as needed. The LVAD team should 
also review whether the patient has adequate dressing 
supplies at home and identify any barriers to obtaining 
supplies. Items such as sterile gloves or sterile drapes are 
not always covered by insurance, and patients may have 
financial difficulties obtaining the needed supplies. As more 
LVAD services move to fully inclusive dressing systems 
or kits, the difficulty in obtaining individual items may 
become less of an issue, although cost based on frequency of 
dressing changes may remain a factor.

Infection

LVAD infections, particularly those that originate at the 
DLES, remain the most commonly seen adverse event 
over time (1,45). The primary intervention for prevention 
of infection is meticulous care of the DLES. Chronic use 
of prophylactic antibiotics has not been shown to reduce 
the incidence of infection over time (43). Risk factors for 
infection include diabetes, obesity, and renal disease, all 
common co-morbidities in this population (45,49). One 
multicenter study also showed depression to be a statistically 
significant predictor of VAD infection, although it did 
not seem to affect survival (49). The surgical technique at 
time of implant can also impact long-term infection risk. 
Patients who had velour exposed on the external driveline 
had nearly 50% greater risk of DLES infection compared to 
those who had the velour portion completely covered in the 
subcutaneous tunnel (41). It is crucial to manage as many 
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modifiable risk factors and comorbidities as able to prevent 
infection in this population.

Despite the best efforts in DLES management, driveline 
infections often occur over time. Early signs may include 
erythema, edema or pain at the exit site, and purulent 
drainage may be present. If the infection is isolated to the 
DLES alone, systemic signs such as fever, leukocytosis or 
elevated inflammatory markers may be absent (50). Routine 
assessment for suspected driveline infection include a 
complete blood count with differential, wound cultures 
if drainage is present, and blood cultures to assess for 
systemic involvement (2,43). Imaging should be considered 
to evaluate for the presence of abscess in the setting of 
copious drainage from the DLES. Ultrasonography or CT 
scan can be used to evaluate fluid collections around the 
driveline or pump, although artifact from the LVAD may 
cause difficulty in visualizing the area directly around the 
pump (43,45). Despite these imaging techniques, infections 
directly around the pump can be difficult to diagnose, as 
direct fluid collection for culture is not easily done without 
surgical intervention.

The most common pathogens in DLES infections are 
bacterial, with staphylococcus and pseudomonas species 
being predominant (42,45,49). Although fungal infections 
are less common, they are associated with much higher 
morbidity (45). Patients who develop driveline infections 
are seldom able to eradicate the infection while the device 
remains in place. Patients who develop bacteremia are 
at greater risk for recurrent bacteremia and have poorer 
outcomes (45). Involving an infectious disease specialist 
is helpful in long-term management of LVAD infections. 
Chronic suppressive antibiotic therapy may be required, 
with progression to parenteral therapy over time as resistant 
organisms may develop (2,46,51). Surgical interventions 
such as debridement, drainage, driveline revision, 
placement of antimicrobial beads in the pump pocket, or 
vacuum-assisted therapy may be considered in addition to 
antimicrobial therapy (45,50). Often, removal of the LVAD 
via heart transplantation or device exchange may be the 
only truly effective treatment, but is not without its own 
risks (45,46,49,50).

Education

Learning about driveline care is only one part of the LVAD 
experience that patients and their caregivers must master 
prior to discharge and maintain over time. They must also 
demonstrate competence with understanding the function 

and care of the VAD and associated equipment. Most 
centers provide written materials and DVDs for the patients 
to review (52). Patients also receive information on LVAD 
equipment care, post-operative care, and medications. 
The amount of information given during this time can be 
intimidating and overwhelming. In the outpatient setting, 
ongoing assessment of the patient and caregivers’ learning 
abilities, barriers to learning, and retention of information 
should occur (53). The education goes beyond learning 
about the equipment itself, and incorporates self-care skills 
and home surveillance strategies (2,52,53).

Widmar et al. showed that patient and caregivers rated 
emergency management, alarm troubleshooting, sterile 
technique and dressing changes as the most difficult tasks (52).  
These are all topics that can be reviewed frequently during 
early return visits based on patient and caregiver needs. 
Routine review of tasks should be incorporated in long-term  
follow-up (2). This is particularly important in the DT 
patients, as many continue on LVAD support for years 
before the need for emergency management or alarm 
troubleshooting skills arises. Verbal education with return 
demonstration of routine tasks is the most common way 
this review is completed (52). Local community health 
providers, such as emergency services, first responders 
and cardiac rehabilitation specialists should also receive 
some general education on LVAD equipment and potential 
medical concerns that are seen in the community (2).

Adjusting to a new way of living

Prior to discharge, time should be spent discussing how 
the patient and caregiver can prepare for returning home 
and developing a sense of normalcy. There are generally 
two main adjustment periods after discharge: early and late 
adjustment, as described by Casida et al. (54). In the early 
adjustment period, patients and caregivers must learn to adapt 
to basic functions of everyday living to accommodate the 
LVAD. This includes adjustments to habits related to sleep, 
hygiene and clothing; changes in the home environment; 
and psychosocial adjustments such as creating new routines, 
managing stress and potential changes in interpersonal 
relationships. Patients may also be concerned about being 
a physical or financial burden on their caregiver (53).  
Sexual function may be altered (55). Discussion with and 
support from the LVAD team during early clinic visits 
are essential as patients are working through this early 
adjustment period. Ongoing contact with a social worker, 
home health services, and LVAD support groups can 
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supplement the medical team. In the late adjustment period, 
patients report more self-confidence in their proficiency 
with routines, abilities to care for themselves and a greater 
acceptance of the LVAD as part of them (54). Adjustment to 
home life can take weeks to months and is different for each 
patient.

While caregivers move through similar adjustment 
periods, their experiences are slightly different. Most 
caregivers have experience with caregiving and associated 
coping mechanisms developed during the patient’s 
decline with HF. During the early phase, caregivers often 
experience feelings of self-doubt and anxiety, as they feel 
responsible for a new set of health care needs (53,56,57). 
It can be beneficial for the LVAD team to talk to the 
caregiver separately from the patient, to gain a better sense 
of the concerns for themselves as well as the patient. It is 
important to remember that caregivers may have their own 
physical, emotional or medical concerns that can affect 
their ability to provide adequate support (58). As caregivers 
acclimate to living at home, they are often able to adapt to 
a sense of acceptance. Ongoing assessment of the caregiver 
at outpatient interactions is needed to assure that the 
caregivers have opportunities for respite, in order to avoid 
burnout (44,56,59,60). Although caregiving may remain a 
substantial part of their lives, most caregivers report they 
would “do it again”, as they recognize the patient may not 
have survived without the LVAD implant (56,57).

End of life

Any patient who has an LVAD as DT will have to face 
issues related to end of life. Conversations about advanced 
directives, palliative and end of life care should commence 
prior to LVAD implant, regardless of the intent of device 
placement (2). If the LVAD is being placed with the intent 
as DT, it is a Centers for Medicare and Medicaid Services 
requirement that palliative care conversations occur as part 
of the informed consent process (61). The palliative care 
team can help the patient and caregivers with preparedness 
planning to help determine that the patient’s goals of care at 
the time of implant and in the event of critical complications. 
This allows for understanding and documentation of the 
patient’s wishes prior to a crisis event (58,62,63).

End-of-life discussions and decisions can be complicated 
for patients, families, and the LVAD team. There are 
personal, cultural, religious, and ethical issues that must 
be taken into consideration (58,63). Resources outside 
the direct LVAD team including palliative care, ethics 

committees, social work, local support systems, and/or  
counseling services may be helpful. It is important to 
understand that discontinuation of LVAD therapy is 
ethically and legally permissible and is not considered a 
form of physician-assisted suicide or euthanasia (58,62,63) 
and may be in line with the patient’s goals of care. Thus, the 
importance of having these conversations early is essential.

If the decision is made to discontinue LVAD therapy, 
palliative and hospice services can be invaluable for symptom 
management as well as caregiver and family support. A 
protocol or checklist may help the team provide care and 
deactivation of the LVAD in a seamless manner (58), while 
decreasing the incidence of anxiety producing alarms from 
the LVAD. Support and education for hospice providers can 
help decrease the stress surrounding this event.

Conclusions

As the use of MSC has increased in the past 15 years 
for the treatment of advanced HF, patient survival and 
quality of life have improved. Consistent, comprehensive, 
multidisciplinary outpatient care contributes to positive 
outcomes. While further research is needed to solidify 
outpatient management guidelines, there are outpatient 
management strategies that have proven beneficial in this 
patient population. There are medical and psychosocial 
aspects to care that must be addressed long-term for 
successful outcomes and patient quality of life.
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