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ARTICLE INFO ABSTRACT

Left ventricular assist device (LVAD) therapy is well-established in the treatment of end-stage cardiac failure.
Indications are bridge to transplant (BTT), bridge to candidacy (BTC), bridge to recovery (BTR), and destination
therapy (DT). The durability and adverse event (AE) rate of LVADs have improved over the years. However,
due to donor shortage, the duration of support in the BTT population has increased tremendously; similarly, DT
patients are on the device for a long time. Consequently, the number of readmissions of long-term LVAD patients
has increased. In cases of severe AEs, intensive care unit (ICU) treatment can be necessary. Infectious complica-
tions are the most common AE. Furthermore, embolic or hemorrhagic strokes can occur due to foreign surfaces,
acquired von Willebrand syndrome, and anticoagulation treatment. Another consequence of the coagulative sta-
tus, in combination with the continuous flow, are gastrointestinal bleeding events. Moreover, in most patients,
an isolated LVAD is implanted, and this involves the risk of late right heart failure. Adjustment of pump speed
and optimization of the volume status can help solve this issue. Malignant arrhythmias, pre-existing or de novo
after LVAD implantation, can be a life-threatening AE. Antiarrhythmic medical therapy or ablation are potential
treatment options. As for specific LVADs, the Medtronic HeartWare™ ventricular assist device (HVAD) is not
manufactured and distributed currently; however, 4000 patients are still on the device. Pump thrombosis can
occur, wherein thrombolytic therapy is the first-line treatment option. Additionally, the HVAD can fail to restart
after controller exchange due to technical issues, and precautions must be taken. The Momentum 3 trial showed
superior survival without pump exchange or disabling stroke in patients treated with the HeartMate 3® (HMS3;
Abbott, Abbott Park, IL, USA) device in comparison to the HeartMate II (HMII). However, in a few cases, a twisted
graft or bio debris formation between the outflow graft and bend relief could be observed, causing outflow graft
obstruction. Patients on LVADs are still heart failure patients, in many cases with comorbidities. Therefore, many
situations can occur requiring ICU treatment. Ethical aspects should always be the focus when taking care of
these patients.
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Introduction bility, and AE rates.[*! Although the percentage of biventricular

assist device (BVAD) implantations was high (Thoratec® Para-

Left ventricular assist device (LVAD) therapy is well-
established in the treatment of patients with end-stage heart
failure, although transplantation is still the gold standard. How-
ever, due to a shortage of donor organs, as well as the number of
patients ineligible for transplantation, LVAD therapy has gained
importance.!'>?! The early, pulsatile LVADs, such as Novacor®
(WorldHeart, Ottawa) and HeartMate XVE® (Thoratec, Pleasan-
ton, CA, USA), were bulky and showed a high adverse event
(AE) rate. However, we could initiate our out-of-hospital pro-
gram. The first patients on LVAD support could be discharged
home.! The following generation of continuous-flow pumps
showed some advantages in terms of ease of implantation, dura-

corporeal Ventricular Assist Device [PVAD]; Pleasanton, CA,
USA,; Berlin Heart EXCOR®), the number of isolated LVAD im-
plantations increased over time after a gain in experience. Con-
stant developments and experience have led to the withdrawal
of different pumps, and there are mainly two LVADs left on the
market, namely the Jarvik 2000® (Jarvik Heart, Inc., New York,
NY, USA) and the HeartMate 3® (HM3; Abbott, Abbott Park, IL,
USA) (Figure 1).

Most recently, the distribution of the HeartWare™ ventricu-
lar assist device (HVAD) was ceased because of technical issues,
as well as higher 1-year mortality and neurological event rates
when compared to the HM3. Around 18,000 patients worldwide
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Figure 1. HeartMate 3 (HM3) system (A) and HM3 blood pathway with impeller (B).

were supported by the HVAD and 4000 are still ongoing and
have to be taken care of.[!

As a biventricular system, the Berlin Heart EXCOR® is avail-
able. Especially in the young population, this device is well-
established due to the availability of several sizes of ventricles.
It is the only mechanical circulatory support (MCS) system ap-
proved for pediatric patients and can be used as an LVAD, right
ventricular assist device (RVAD), or BVAD.

As a total artificial heart (TAH), the Syncardia® was on the
market but has not been available in Europe since 2022 due to
certification issues. However, the number of patients on this de-
vice is very low. The CARMAT company (Velizy-Villacoublay,
France) offers the biocompatible Aeson TAH®, which is certi-
fied but currently not available due to technical issues. As the
number of ongoing TAH patients is very low, this paper will not
focus on these.

Another option for biventricular support is the use of two cen-
trifugal continuous-flow pumps, such as in the HM3. These de-
vices are not approved for right ventricular support, but several
reports have shown that it is feasible. Quality of life, despite two
drivelines, two controllers, and four batteries, is acceptable.®!

An LVAD can be implanted as bridge to transplant (BTT) or
bridge to candidacy (BTC) in potential transplant candidates,
or as bridge to recovery (BTR) and destination therapy (DT) in
patients ineligible for heart transplantation. BTT candidates are
on the device for long periods of time due to the shortage of
donor organs. The number of patients on devices is increasing;
however, the implant numbers are recently decreasing. The lat-
ter notion has to be discussed, as there is growing awareness of
heart failure in general.

The HM3 is the only relevant LVAD remaining on the mar-
ket, and studies showed lower incidences of AEs in comparison
to its predecessors, the axial flow pump HeartMate II (HMII)
and HVAD." Despite these advances and developments, AEs
still limit the prognosis in durable MCS and frequently require
intensive care.

Infection

Infection plays a major role in the LVAD population. The So-
ciety of Thoracic Surgeons-Interagency Registry for Mechani-
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cal Assisted Circulatory Support (STS-INTERMACS) registry re-
ported a patient rate of 41% experiencing a major infection
within 12 months after LVAD implantation.”’ Infections have
to be differentiated into VAD-specific infections (e.g., driveline
or device infections), VAD-related infections (e.g., endocarditis),
and non-VAD infections (e.g., pneumonia).®!

Driveline infections (DLIs) are the most common ventricular
assist device (VAD)-specific infections.®! The driveline/skin in-
terface is vulnerable to infections; thus, different tunneling tech-
niques have been described. The driveline should be tunneled in
or underneath the rectus muscle to create some barrier against
ascending infections. A double-tunnel driveline technique can
be helpful by first placing the driveline in the rectus sheath and
then subcutaneously. Keeping the driveline-covering velour in-
tracorporeal offers a silicon/skin interface, which may lead to a
lesser incidence of ascending DLI?) An anchor patch dressing
on the skin helps to stabilize the driveline. Furthermore, metic-
ulous care should be taken with the driveline dressing changes,
which are performed 1-3 times a week using an aseptic tech-
nique.®-*! Patients and caregivers should be trained carefully. If
signs of infection occur, immediate notification of the implant-
ing center is mandatory. Early stage treatment may involve lo-
cal and systemic antibiotic therapy and comprehensive wound
management, and may avoid ascending infections.

Signs of systemic infection (fever, increased leukocytes, ele-
vated C-reactive protein, elevated procalcitonin) are indications
for readmission. Cultures from the exit site and blood speci-
mens should be taken to identify the bacteria and tailor an-
tibiotic therapy. Furthermore, imaging is necessary for the ex-
act evaluation of the severity of the infection. Fluorine-18 de-
oxyglucose positron emission tomography (PET) is a helpful tool
(Figure 2).0101

Treatment varies from local treatment of the exit site to com-
plicated surgical mediastinal revisions. Vacuum sponge therapy
may be necessary.l'!! Patients are hospital-bound for several
weeks, and the vacuum sponges are exchanged twice a week. Af-
ter eradication of the infection, the wound can be closed again.
However, the reoccurrence of infection due to foreign material
is frequent. If the pump housing or vascular outflow graft in the
mediastinum is involved, reopening of the chest may be neces-
sary to install vacuum therapy. Exchange of the LVAD device
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Figure 2. Positron emission tomography(PET) diagnostics shows isolated driveline infection (A) and device infection (B).

to eradicate the infection is an option, although perioperative
risk and recurrence rates are high.!'?! In patients eligible for
transplant, urgent transplantation is the preferred option if the
device is involved. If systemic signs of infection are controlled,
transplantation is possible. Evacuation of the infected material
(LVAD device, driveline, outflow graft) avoids recurrence.

VAD-specific infections are important causes of morbidity
and mortality in the LVAD population. Systemic infections may
lead to other complications, such as organ failure, exacerba-
tion of anticoagulation with bleeding, or thrombotic issues.
Driveline-free pumps are under development and could pre-
vent some of the abovementioned complications. However, it
remains to be determined whether and when such developments
may be available.

Besides VAD-specific and VAD-related infections, the LVAD
population is prone to other kinds of infections. Risk factors are
older age, immobility, onset of organ failure, diabetes, and obe-
sity. Rehabilitation programs and close follow-up can help avoid
these issues.

Stroke/Neurological Events

In the latest report by the STS-INTERMACS registry, the
rate of neurologic dysfunction in the LVAD population was
0.141 per patient-year, and up to 13% of patients experienced
a stroke within 12 months after implantation.[”! The most re-
ported neurologic events are ischemic stroke and intracranial
hemorrhage. Risk factors for neurologic events are anticoagu-
lation/antiplatelet therapy, acquired von Willebrand syndrome,
elevated blood pressure (BP), infection, and non-adherence due
to suboptimal anti-coagulation management.

The European Registry for Patients with Mechanical Circu-
latory Support (EUROMACS) demonstrated that the cumulative
incidence rate of neurologic events was lower in patients sup-
ported with the HM3 device in comparison to HVAD.!"3! Proper
management of BP plays a major role. An elevated BP results
in a high afterload of the LVAD, with subsequent low flow and
potential stasis within the pump. Additionally, anticoagulation
control is very important, and our patients conduct international
normalized ratio (INR) self-management using CoaguChek™
(Roche Diagnostics). The consistency between traditional lab-
oratory testing and CoaguChek™ is excellent.l'* Patients are
advised to measure the INR on a daily basis to stay within the
target range of 2.0-3.0 (aU).”!

In case of neurologic symptoms, immediate admission is
mandatory. Neurologic assessment and imaging (computed to-
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mography [CT] angiography) should be performed to confirm
the diagnosis and the cause (ischemic, hemorrhagic or hemor-
rhagic conversion, or vascular issues, such as aneurysm) and
the extent of the neurologic injury. The anticoagulation levels
should be checked and adapted. A multidisciplinary team should
be involved, including neurology, neurosurgery, and the VAD
center. In case of an embolic event, thrombolytic therapy or in-
terventional thrombectomy may help to resolve the situation in
selected cases.!'> Trepanation may be necessary in cases of in-
creased intracranial pressure. Due to the patient’s coagulation
status, these procedures bear a high risk in this specific popula-
tion.

In cases of intracerebral hemorrhage, temporary withdrawal
of anticoagulation therapy and even normalization of coagula-
tion may be necessary; preferably 4-factor prothrombin complex
should be used.!®17 Patients should be observed carefully for
any change in symptoms, preferably in the intensive care unit
(ICU). In BTT patients, eligibility for transplant must be reevalu-
ated dependent on persisting symptoms. Urgent listing for heart
transplantation can be a potential solution. Full heparinization
after ischemic or hemorrhagic stroke (necessary to install ex-
tracorporeal circulation during heart transplantation) seems to
be safe after 6 weeks. Repeated CT angiography is necessary to
evaluate operability.

Beyond the eligibility for transplantation, suffering a dis-
abling stroke leads to severe consequences for patients on LVAD
therapy. Patients may require constant help, thus affecting their
quality of life. In cases of severe stroke, palliation should be dis-
cussed. It is helpful if potential AEs are discussed before LVAD
implantation, and this should be documented in a patient de-
cree. Communication with the patient and relatives is extremely
important in these situations.

Gastrointestinal Bleeding (GIB)

GIB is an important cause of readmission for LVAD patients.
Several factors contribute significantly: shear stress in the de-
vice causing loss of von Willebrand factor multimers (acquired
von Willebrand Syndrome) ['8; platelet dysfunction due to an-
tiplatelet therapy; anticoagulation therapy by vitamin K antag-
onists; and development of arteriovenous malformations as a
result of continuous flow.['*]

Careful evaluation of the causes of GIB is essential. An esoph-
agogastroduodenoscopy and/or colonoscopy are mandatory. If
a bleeding spot can be identified, treatment by coagulation or
clipping is often possible. A push enteroscopy and/or video-
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capsule endoscopy can be necessary if bleeding persists.2°! The
incidence of GIB increases with age.?!!

Medical therapy is started with proton pump inhibitors,
adaptation of anticoagulation, and blood transfusions. Reduc-
tion of anticoagulation by administration of 4-factor prothrom-
bin complex concentrates may be necessary. Administration
of vitamin K is contraindicated because of the unpredictable
impact on INR levels. Especially in patients supported by the
HVAD, the risk of pump thrombosis can increase significantly.

GIB tends to recur, and in those cases, withdrawal of an-
tiplatelet therapy will be the first step in treatment, which
may be followed by a permissive reduction of the INR tar-
get range to 1.5-2.0. Complete discontinuation of anticoagu-
lation/antiplatelet therapy carries a high risk of thromboem-
bolic complications or pump thrombosis and cannot be recom-
mended. If the patient is a transplant candidate, a high urgent
listing could be an option.

Right Ventricular Failure

The right ventricle (RV) offers preload for the LVAD, and its
function determines exercise capacity and quality of life for the
patients. In general, the function of the RV determines the suc-
cess of LVAD therapy, and implantation of an LVAD has major
consequences for the RV. Unloading of the left ventricle (LV)
will decrease the filling pressure on the left side, which may de-
crease pulmonary artery pressure and decrease RV afterload. In
terms of contractility, the RV is highly dependent on the LV, and
the unloading of the LV under LVAD support causes changes in
contractility. A septum shift toward the LV can cause RV con-
tractile dysfunction. Precise adaptation of pump speed plays a
major role in protecting the RV. However, despite all preven-
tive measures, LVAD patients can develop RV dysfunction in
the long term. Direct biventricular support by use of a BVAD or
TAH may still not be favored, as sole LVAD therapy is superior
in terms of mortality, morbidity, and quality of life. Although
several risk scores for RV failure (RVF) are implemented, the
predictability of RVF after LVAD implantation is still limited. In
most cases, an LVAD will be implanted and may be escalated
by the addition of a temporary RVAD. Indicators for such ma-
neuvers may be an intraoperative central venous pressure (CVP)
>15 mmHg, cardiac index (CI) <2 L/min/m?2, and the need for
moderate or high inotropic support.!'? Thorough optimization
of pump speed, reduction of pulmonary resistance by milrinone,
sildenafil, iloprost inhalation, or nitric oxide may help to cir-
cumvent complications.

Systematic reviews showed a weaning rate from RVAD sup-
port of 23-100%.1?>23] However, the progression of the dis-
ease can cause late RVF in all patients. Late RVF is defined
as hospitalization that occurs 30 days after LVAD implanta-
tion and requires intravenous diuretics or inotropic support for
at least 72 h.[** In the Mechanical Circulatory Support Aca-
demic Research Consortium (MCS-ARC) consensus document,
(241 the diagnosis of RVF is made based on the following clin-
ical findings: (1) the presence of two of the following: ascites,
peripheral edema, or elevated jugular/CVP; (2) one of the fol-
lowing in association with clinical manifestations: renal fail-
ure, liver injury, reduction in pump flow (>30%), mixed ve-
nous saturation (SVO,) <50%, CI <2.2 L/min/m?, and lactate
>3.0 mmol/L.
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The prevention and medical management of late RVF is re-
lated to several factors, including intrinsic RV function (con-
tractile state) and RV pre and afterload, as well as clinical fac-
tors, such as the presence of pulmonary, hepatic, and renal dys-
function.?! Precise volume management is mandatory, and the
use of loop diuretics or even hemofiltration may be necessary.
Adaptation of pump speed can decrease RV afterload. Elevated
pulmonary resistance can be treated by pulmonary vasodila-
tors (sildenafil, nitric oxide, inhaled iloprost, and endothelin
receptor antagonists). Guidance by right heart catheterization
and echocardiography is necessary.?®! RV contractility can be
improved by inotropes (dobutamine, milrinone, or intermittent
levosimendan therapy). If the response of the RV is not sufficient
or weaning is not possible, temporary or durable RV support
may be necessary. In the case of heart transplant candidates,
urgent listing is the preferred option.

Temporary RV support (Figure 3) [?”! may be established
without thoracotomy by placing a catheter over the jugular vein
up into the pulmonary artery (outflow cannula) and a catheter
into the right atrium over the femoral vein (inflow cannula). In
cases of pulmonary impairment, an oxygenator can be imple-
mented additionally. Alternatively, a dual-lumen catheter may
be used (ProtekDuo®; Livanova PLC, London, UK). The Impella
RP® Abiomed (Figure 3) [#”! serves the same goal. The RV can be
supported for a limited period; however, because of the catheter,
the patient may be bedridden with impaired mobility. After sta-
bilization, weaning off the RVAD should be attempted. If wean-
ing is not possible, urgent listing is the preferred option for trans-
plant candidates. If the patient is ineligible for transplantation, a
durable RVAD may be placed [°! (Figure 4), although continuous
flow centrifugal pumps are not approved for right ventricular
support. The patient lives with two VADs, two drivelines, and
with consequences regarding the quality of life. Implantation of
two continuous flow pumps is feasible and carries acceptable re-
sults. Secondary implantation of a Berlin Heart EXCOR device is
a less attractive option in these patients. If none of these options
is suitable, palliation has to be considered.

Malignant Arrhythmias

LVAD therapy with LV unloading does not prevent malignant
arrhythmias.®®! The clinical symptoms of ventricular tachycar-
dia (VT) or ventricular fibrillation (VF) are different in individ-
ual LVAD patients; however, due to a reduction of RV function,
the flow will decrease in all cases. Especially VF can lead to
a low-flow situation, and these patients are at immediate risk
of dying. However, in our clinical practice, we experienced pa-
tients on LVAD with VF remaining conscious despite VF. If pul-
monary resistance is low, the CVP can be sufficient to overcome
the pulmonary circulation and offers sufficient preload for the
LVAD. Most LVAD patients wear an automatic implantable car-
diac defibrillator (AICD). In cases of VT or VF, the patient may
remain conscious, and the AICD discharge will be noted by the
patient, which is traumatic. Adaptation of the AICD device is
possible by increasing the discharge threshold and increasing
the episodes of overstimulation. When patients enter the hospi-
tal, ECG monitoring will be the first step, and defibrillation af-
ter sedation will be performed if necessary. Recurrence will be
avoided by medical antiarrhythmic therapy or possibly ventric-
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Figure 3. Catheter-based RV support with oxygenator, 2-catheter technique (A), ProtekDuo® technique (B) and temporary RV support by Impella RP® (C).
LVAD: Left ventricular assist device; RV: Right ventricle; RVAD: Right ventricular assist device.

L

Figure 4. HeartMate 3 biventricular assist device.

ular ablation. If VT or VF episodes persist, heart transplantation
or MCS for the right side may be considered.

Refractory malignant arrhythmias are a contraindication for
LVAD therapy. Primarily transplant, a TAH or BVAD support
should be prioritized.

Pump-specific AEs
HeartWare

A unique feature of the HVAD is its clinical waveform avail-
ability. Three immediately useful waveform characteristics to
recognize are flow pulsatility (peak flow minus through flow),
evidence of ventricular suction, and changes associated with sys-
temic hypertension.

Flow pulsatility

Causes of low-flow pulsatility include the following: com-
plete emptying of the LV, (too) high pump speed, RVF, tampon-
ade, severe mitral or tricuspid regurgitation, acute arrhythmias,
and significant aortic regurgitation (high mean pump flow with
low flow pulsatility).

Ventricular suction

Suction waveforms are characterized by a rapid downstroke
in the diastolic portion ! caused by over-pumping with a small
ventricular cavity and obstruction of the inflow cannula. A po-
tential solution is a reduction of pump speed and improved hy-
dration.

Systemic hypertension

Systemic hypertension is usually associated with an increase
in flow pulsatility. Ventricular recovery can produce a similar
waveform; thus, echocardiography is needed to distinguish the
cause.

Controller change

The manufacturer’s recommendation is to exchange the
HVAD controller every 2 years due to the internal battery
within the controller. Controller failure is a critical alarm pri-
ority which needs immediate attention. If the failure leads to a
pump stop, a controller change should be attempted to restart
the pump. If possible, the patient should be brought into a clin-
ical setting. If the controller exchange fails to restart the pump,
inotropic therapy must be started, and possibly extracorporeal
life support (ECLS) should be installed. Emergency LVAD ex-
change to HM3 is mandatory. Extra attention must be paid to
the recently implanted HeartWare systems, since due to a man-
ufacturing problem, restart issues after controller exchange are
more probable. Controller exchange should only be performed
in a clinical setting with adequate medical and surgical support.

Pump thrombosis

Pump thrombosis can occur in three different areas of the
HeartWare system: inflow, intra-pump, or outflow graft.[*!! A
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Figure 5. HeartWare™ ventricular assist device waveforms: A: in suction, B:
pump thrombosis.

combination of the pump power waveform analysis, patients’
clinical appearance, and blood samples (free hemoglobin, lac-
tate dehydrogenase [LDH]) can identify the potential location
and lead to the optimal therapeutic options % (Figure 5).

Inflow obstruction

Mostly this is caused by LV pannus and/or associated throm-
bus that occlude the inflow cannula. A sudden decrease in power
uptake with a calculated low flow is the first sign. Typically, free
hemoglobin or LDH will not rise because, despite obstructed in-
flow, erythrocytes will not be destroyed in most cases. Echocar-
diography will show an insufficiently unloaded ventricle. Direct
visualization of the thrombus in the cannula is rarely possible;
thus, we started to identify the thrombus by labeled platelets,
but this research is at an early stage.[*3 If the patient is sta-
ble and eligible for transplantation, urgent listing is a possibil-
ity. Otherwise, pump exchange to HM3 should be performed.
Thrombolysis is not the preferred option in these cases, since
due to the size and consistency of the obstructing thrombus, the
chances of effective evacuation are low.

Intrapump thrombosis

In the case of intrapump thrombosis, the thrombus is caught
in the impeller. This represents 70% of the cases of pump throm-
bosis.[*?! Power uptake can increase suddenly or over weeks.
Blood samples will show elevated LDH and free hemoglobin
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levels, and the urine can be hemolytic. Immediate therapy is
indicated because a sudden pump stop can occur, and throm-
bolysis is the first-line treatment.**! Careful preparation of the
patient is necessary. Pre-thrombolysis cerebral and thoracic CT
scans should be performed and the BP controlled to a mean
of 70 mmHg. The thrombolysis treatment is administered in
the ICU and stopped after the improvement of the waveforms.
The reported risk of intracranial hemorrhage varies from 0%
to 21%.!%5:%6] Pump thrombosis is a significant risk factor for
future thrombosis. We apply thrombolysis twice, and if the
pump thrombosis occurs a third time we exchange the pump
for HM3.[37!

Outflow obstruction

Due to high flow, thrombosis within the outflow graft is rare
and mostly seen in kinked grafts or narrowed outflow graft—
aortic anastomosis. Furthermore, compression from outside by
the driveline is a potential cause. The clinical appearance is sim-
ilar to that of patients with inflow obstruction. The calculated
flow will decrease slowly. A chest CT angiogram can visualize
the obstruction, as can careful catheterization of the outflow
graft. Surgical revision may be necessary. In most cases, the ex-
change of the obstructed part of the outflow can solve the prob-
lem.

HeartMate 3

As indicated before, the superior performance of the HM3 in
comparison to the HVAD led to a stop in the global production
and distribution of the HVAD. The AEs described in the subsec-
tion HeartWare are also present with the HM3; however, pump
thrombosis is extremely rare [ and issues with controller ex-
change have not been reported to date. Two potential events
published in relationship with HM3 require attention.

Twisted outflow graft

After the introduction of the HM3, rare cases of outflow graft
occlusion were observed, and twisting of the outflow graft was
identified as the cause. The incidence was 1.6% in the Momen-
tum 3 trial.''! The manufacturer reacted quickly by introducing
a clip which prevented twisting. Furthermore, 2 years ago, the
assembly of the outflow graft was redesigned to avoid twist-
ing issues. Twisting can be identified by a decrease in flow over
days or weeks and CT can ensure the diagnosis. Several solutions
are possible: (1) stenting of the outflow graft: because of poten-
tial debris in the outflow graft and mobilization of material by
stenting, patients are at risk of embolic stroke; (2) de-twisting:
by opening the assembling mechanism of the outflow graft, it is
possible to de-twist the graft, and pump performance will return
to normal immediately.

If debris in the outflow graft is diagnosed, the exchange of
the outflow graft is the preferred option.

Obstruction of the outflow graft by bio debris

In rare cases, a gelatinous substance forms between the out-
flow graft and bend relief.’*®! This can lead to obstruction of
the outflow graft with similar symptoms as those described
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in the subsection HeartWare. A CT scan will confirm the di-
agnosis. Potential treatment can be surgical or interventional;
removing the bend relief will solve the problem.** Stenting
is a valuable option. Acute and long-term results seem to be
promising.

A special feature of the HM3 is the calculation of the pul-
satility index (PI) which can be seen on the controller display.
It reflects the differences in pump output in the systolic and di-
astolic phases of the cardiac cycle. These differences are gen-
erated by the contraction of the LV. A poor contracting un-
loaded ventricle will produce a low PI, a better contracting ven-
tricle will lead to higher PIs. The PI can help set an adequate
pump speed. Additionally, the PI can help identify potential
problems; a sudden change can indicate a suction event. The
patient should be trained to contact the hospital under these
circumstances.

Discussion

LVAD therapy is well-established, and an acceptable qual-
ity of life can be achieved, especially in comparison to other
patients with heart failure on optimal medical management. "’
Nevertheless, patients on LVAD therapy are still heart failure pa-
tients.[*!! Mirza et al.[*?! showed in a multicenter retrospective
study including 450 LVAD patients that the mean peak oxygen
uptake (PvO,) was 14.1 + 5 mL/kg/min (47 + 14% of predicted
value) at a median of 189 days (154-225 days) after LVAD im-
plantation. They also showed that a lower PvO, was strongly
associated with poorer survival in the LVAD population. Right
heart catheterization showed borderline CI values in most cases,
and heart failure medication normally had to be continued. Lim-
ited exercise capacity was also a consequence.

Infection is an important cause of morbidity and mortality in
the LVAD population. As described in this paper, DLIs are still
common, despite careful wound dressing. Ascending infections
to the device or sepsis can have devastating consequences for
the patients. Implantable controllers and batteries with transcu-
taneous energy transmission could help solve these issues. Fully
implantable systems, on the other hand, present other chal-
lenges: (1) controller exchange is practically impossible (only
surgical); (2) warming of the battery due to charging has to be
limited to avoid tissue reaction; (3) to avoid battery exchange
(surgical), many charge cycles should be allowed; and (4) the
controller-patient interface should be established to transmit
alarms.

As mentioned, the LVADs are implanted as BTT, BTC, BTR, or
DT. Because of donor shortage, BTT patients are on the device
for many years on average, as are DT patients who are ineligible
for transplantation, which is contraindicated in most cases due
to age. Therefore, the number of patients taken care of by our
center has increased to 320 at the moment. To avoid serious
AEs, close follow-up of the patients is mandatory:

The patient and relatives should be informed about potential
AEs and the consequences for the quality of life before implan-
tation of the LVAD. Setting up a patient decree can be helpful.

Training of the patient and relatives post-operatively
should include the following: (1) wound dressing; (2) battery
exchange-controller exchange; (3) alarms; (4) anticoagulation
self-management (Coagucheck™); (5) home situation, placing
home equipment; and (6) emergency cases, how to behave.
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The VAD coordinators are on call 24/7, and patients are in-
structed to call in case of any questions or emergencies. The
well-trained coordinators can instruct patients and take further
steps if necessary. In-hospital capacity has to be reserved for
emergency cases.

Patients visit the outpatient clinic following an algorithm:
(1) 4 weeks after discharge; (2) then every 3 months; (3) after
2 years, twice a year; secure surveillance can avoid serious AEs
and prevent further deterioration.

Conclusions

Dependent on the size of the LVAD program and the num-
ber of patients on the device, a certain number of patients will
enter the ICU with VAD or VAD-related issues. AE rates have
decreased over the years, but we are still dealing with a patient
population that has heart failure with VAD- or HF-associated
comorbidities. These patients may be frail and of advanced age,
especially DT patients. These patients can be challenging and
should be treated by a multidisciplinary team. Communication
with the patients and relatives is key. Ethical aspects should be
considered in all circumstances.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of Interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

References

[1

—

Aissaoui N, Jouan J, Gourjault M, Diebold B, Ortuno S, Hamdan A, et al.
Understanding left ventricular assist devices. Blood Purif 2018;46(4):292-300.
doi:10.1159/000491872.

Potapov EV, Antonides C, Crespo-Leiro MG, Combes A, Férber G, Hannan MM, et al.
2019 EACTS expert consensus on long-term mechanical circulatory support. Eur J
Cardiothorac Surg 2019;56(2):230-70. doi:10.1093/ejcts/ezz098.

Oosterom A, de Jonge N, Kirkels JH, Rodermans BF, Sukkel E, Klopping C, et al.
End-stage heart failure and mechanical circulatory support: feasibility of discharge
from hospital. Neth Heart J 2007;15(2):45-50. doi:10.1007/BF03085953.

Mehra MR, Cleveland JC Jr, Uriel N, Cowger JA, Hall S, Horstmanshof D, et al. Pri-
mary results of long-term outcomes in the MOMENTUM 3 pivotal trial and continued
access protocol study phase: a study of 2200 HeartMate 3 left ventricular assist de-
vice implants. Eur J Heart Fail 2021;23(8):1392-400. doi:10.1002/ejhf.2211.
Hayward C, Adachi I, Baudart S, Davis E, Feller ED, Kinugawa K, et al. Global best
practices consensus: long-term management of patients with hybrid centrifugal flow
left ventricular assist device support. J Thorac Cardiovasc Surg 2022;164(4):1120-
37 e2. doi:10.1016/j.jtcvs.2022.03.035.

Eulert-Grehn JJ, Lanmiiller P, Schonrath F, Solowjowa N, Miiller M, Mulzer J, et al.
Two implantable continuous-flow ventricular assist devices in a biventricular config-
uration: technique and results. Interact Cardiovasc Thorac Surg 2018;27(6):938-42.
doi:10.1093/icvts/ivy228.

Molina EJ, Shah P, Kiernan MS, Cornwell WK 3rd, Copeland H, Takeda K. The
society of thoracic surgeons intermacs 2020 annual report. Ann Thorac Surg
2021;111(3):778-92. doi:10.1016/j.athoracsur.2020.12.038.

Kusne S, Mooney M, Danziger-Isakov L, Kaan A, Lund LH, Lyster H, et al. An
ISHLT consensus document for prevention and management strategies for mechan-
ical circulatory support infection. J Heart Lung Transplant 2017;36(10):1137-53.
doi:10.1016/j.healun.2017.06.007.

Bernhardt AM, Schloglhofer T, Lauenroth V, Mueller F, Mueller M, Schoede A, et al.
Prevention and early treatment of driveline infections in ventricular assist device
patients — the DESTINE staging proposal and the first standard of care protocol. J
Crit Care 2020;56:106-12. doi:10.1016/j.jcrc.2019.12.014.

Bernhardt AM, Pamirsad MA, Brand C, Reichart D, Tienken M, Barten MJ, et al.
The value of fluorine-18 deoxyglucose positron emission tomography scans in pa-
tients with ventricular assist device specific infections{. Eur J Cardiothorac Surg
2017;51(6):1072-7. doi:10.1093/ejcts/ezx016.

[2

—

[3

=

[4

=

[5

[}

[6

[}

[7

—

[8

i

[9

[

[10]


https://doi.org/10.1159/000491872
https://doi.org/10.1093/ejcts/ezz098
https://doi.org/10.1007/BF03085953
https://doi.org/10.1002/ejhf.2211
https://doi.org/10.1016/j.jtcvs.2022.03.035
https://doi.org/10.1093/icvts/ivy228
https://doi.org/10.1016/j.athoracsur.2020.12.038
https://doi.org/10.1016/j.healun.2017.06.007
https://doi.org/10.1016/j.jcrc.2019.12.014
https://doi.org/10.1093/ejcts/ezx016

M. Morshuis, H. Fox, V. Lauenroth et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hodson T, West JM, Poteet SJ, Lee PH, Valerio IL. Instillation negative pressure
wound therapy: a role for infected LVAD salvage. Adv Wound Care 2019;8(3):118—
24. doi:10.1089/wound.2018.0832.

Yost G, Coyle L, Gallagher C, Cotts W, Pappas P, Tatooles A. Outcomes following left
ventricular assist device exchange: focus on the impacts of device infection. ASAIO
J 2021;67(6):642-9. doi:10.1097/MAT.0000000000001287.

Potapov EV, Nersesian G, Lewin D, Ozbaran M, de By T, Stein J, et al. Propensity
score-based analysis of long-term follow-up in patients supported with durable cen-
trifugal left ventricular assist devices: the EUROMACS analysis. Eur J Cardiothorac
Surg 2021;60(3):579-87. doi:10.1093/ejcts/ezab144.

Kalcgik M, Yesin M, Giirsoy MO, Giindiiz S, Karakoyun S, Astarcioglu MA, et al. Com-
parison of the INR values measured by CoaguChek XS coagulometer and conven-
tional laboratory methods in patients on VKA therapy. Clin Appl Thromb Hemost
2017;23(2):187-94. doi:10.1177/1076029615595881.

Hacke W. Interventional thrombectomy for major stroke — a step in the right direc-
tion. N Engl J Med 2015;372(1):76-7. doi:10.1056/NEJMe1413346.

Rimsans J, Levesque A, Lyons E, Sylvester K, Givertz MM, Mehra MR, et al.
Four factor prothrombin complex concentrate for warfarin reversal in patients
with left ventricular assist devices. J Thromb Thrombolysis 2018;46(2):180-5.
doi:10.1007/s11239-018-1680-8.

Brown CS, Zemrak WR, Dyer KJ, Rolfe S. Low-dose prothrombin complex concen-
trate in patients with left ventricular assist devices. ASAIO J 2019;65(2):e21-4.
doi:10.1097/MAT.0000000000000783.

Muslem R, Caliskan K, Leebeek FWG. Acquired coagulopathy in patients
with left ventricular assist devices. J Thromb Haemost 2018;16(3):429-40.
doi:10.1111/jth.13933.

Kataria R, Jorde UP. Gastrointestinal bleeding during continuous-flow left ven-
tricular assist device support: state of the field. Cardiol Rev 2019;27(1):8-13.
doi:10.1097/CRD.0000000000000212.

Vedachalam S, Balasubramanian G, Haas GJ, Krishna SG. Treatment of gastroin-
testinal bleeding in left ventricular assist devices: a comprehensive review. World J
Gastroenterol 2020;26(20):2550-8. doi:10.3748/wjg.v26.i20.2550.

Shah R, Qayed E. Outcomes and predictors of readmissions with GI bleeding in
patients with left ventricular assist devices. South Med J 2018;111(11):666-73.
doi:10.14423/SMJ.0000000000000883.

Abdelshafy M, Caliskan K, Guven G, Elkoumy A, Elsherbini H, Elzomor H,
et al. Temporary right-ventricular assist devices: a systematic review. J Clin Med
2022;11(3):613. doi:10.3390/jcm11030613.

Aissaoui N, Morshuis M, Schoenbrodt M, Hakim Meibodi K, Kizner L, Bérgermann J,
et al. Temporary right ventricular mechanical circulatory support for the manage-
ment of right ventricular failure in critically ill patients. J Thorac Cardiovasc Surg
2013;146(1):186-91. doi:10.1016/j.jtcvs.2013.01.044.

Kormos RL, Antonides CFG, Goldstein DJ, Cowger JA, Starling RC, Kirklin JK,
et al. Updated definitions of adverse events for trials and registries of mechani-
cal circulatory support: a consensus statement of the mechanical circulatory sup-
port academic research consortium. J Heart Lung Transplant 2020;39(8):735-50.
doi:10.1016/j.healun.2020.03.010.

Pagani FD. Right heart failure after left ventricular assist device placement: med-
ical and surgical management considerations. Cardiol Clin 2020;38(2):227-38.
doi:10.1016/j.cc1.2020.01.005.

Baker WL, Radojevic J, Gluck JA. Systematic review of phosphodiesterase-5 inhibitor
use in right ventricular failure following left ventricular assist device implantation.
Artif Organs 2016;40(2):123-8. doi:10.1111/aor.12518.

Lo Coco V, De Piero ME, Massimi G, Chiarini G, Raffa GM, Kowalewski M, et al.
Right ventricular failure after left ventricular assist device implantation: a review of
the literature. J Thorac Dis 2021;13(2):1256-69. doi:10.21037/jtd-20-2228.

88

[28]

[29]

(301

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Journal of Intensive Medicine 3 (2023) 81-88

Galand V, Flécher E, Auffret V, Boulé S, Vincentelli A, Dambrin C, et al. Predic-
tors and clinical impact of late ventricular arrhythmias in patients with continuous-
flow left ventricular assist devices. JACC Clin Electrophysiol 2018;4(9):1166-75.
doi:10.1016/j.jacep.2018.05.006.

Gross C, Schima H, Schléglhofer T, Dimitrov K, Maw M, Riebandt J, et al. Continuous
LVAD monitoring reveals high suction rates in clinically stable outpatients. Artif
Organs 2020;44(7):E251-62. doi:10.1111/aor.13638.

Hayward C, Lim CP, Schima H, Macdonald P, Moscato F, Muthiah K, et al.
Pump speed waveform analysis to detect aortic valve opening in patients on ven-
tricular assist device support. Artif Organs 2015;39(8):704-9. doi:10.1111/aor.
12570.

Jorde UP, Aaronson KD, Najjar SS, Pagani FD, Hayward C, Zimpfer D, et al. Iden-
tification and management of pump thrombus in the HeartWare left ventricular
assist device system: a novel approach using log file analysis. JACC Heart Fail
2015;3(11):849-56. do0i:10.1016/j.jchf.2015.06.015.

Lim ZZ, Robson D, Muthiah K, Jansz P, Macdonald PS, Hayward CS. Alarms and their
outcomes in left ventricular assist device patients. ASAIO J 2021;67(12):1284-93.
doi:10.1097/MAT.0000000000001483.

Hugenberg V, Zerna M, Berndt M, Zabel R, Preuss R, Rolfsmeier D, et al. GMP-
compliant radiosynthesis of ['®FIGP1, a novel PET tracer for the detection of
thrombi. Pharmaceuticals 2021;14(8):739. doi:10.3390/ph14080739.

Najjar SS, Slaughter MS, Pagani FD, Starling RC, McGee EC, Eckman P, et al.
An analysis of pump thrombus events in patients in the HeartWare ADVANCE
bridge to transplant and continued access protocol trial. J Heart Lung Transplant
2014;33(1):23-34. doi:10.1016/j.healun.2013.12.001.

Centofanti P, Baronetto A, Attisani M, Ricci D, Simonato E, La Torre MW, et al.
Thrombosis in left ventricular assistance device with centrifugal technology: is
early thrombolysis a better solution? Int J Artif Organs 2017;40(11):629-35.
doi:10.5301/ijao.5000626.

Scandroglio AM, Kaufmann F, Pieri M, Kretzschmar A, Miiller M, Pergantis P,
et al. Diagnosis and treatment algorithm for blood flow obstructions in pa-
tients with left ventricular assist device. J Am Coll Cardiol 2016;67(23):2758-68.
doi:10.1016/j.jacc.2016.03.573.

Gyoten T, Morshuis M, Rojas SV, Deutsch MA, Schramm R, Gummert JF, et al.
Identification of characteristics, risk factors, and predictors of recurrent LVAD
thrombosis: conditions in HeartWare devices. J Artif Organs 2021;24(2):173-81.
doi:10.1007/s10047-020-01228-2.

Jain SS, Clerkin KJ, Anstey DE, Liu Q, Fried JA, Raikhelkar J, et al. Outflow graft
narrowing of the HeartMate 3 left ventricular assist device. Ann Thorac Surg 2022
S0003-4975(22)00010-8. doi:10.1016/j.athoracsur.2021.12.014.

Farber G, Kirov H, Schwan I, Griger S, Diab M, Tkebuchava S, et al. Bend re-
lief fenestration might prevent outflow graft obstruction in patients with left
ventricular assist device. Interact Cardiovasc Thorac Surg 2022;35(2):ivac149.
doi:10.1093/icvts/ivac149.

Estep JD, Starling RC, Horstmanshof DA, Milano CA, Selzman CH, Shah KB,
et al. Risk assessment and comparative effectiveness of left ventricular as-
sist device and medical management in ambulatory heart failure patients: re-
sults from the ROADMAP study. J Am Coll Cardiol 2015;66(16):1747-61.
doi:10.1016/j.jacc.2015.07.075.

Aissaoui N, Morshuis M, Diebold B, Guerot E, Gummert J. Heart failure while
on ventricular assist device support: a true clinical entity. Arch Cardiovasc Dis
2013;106(1):44-51. doi:10.1016/j.acvd.2012.09.006.

Mirza KK, Szymanski MK, Schmidt T, de Jonge N, Brahmbhatt DH, Billia F,
et al. Prognostic value of peak oxygen uptake in patients supported with
left ventricular assist devices (PRO-VAD). JACC Heart Fail 2021;9(10):758-67.
doi:10.1016/j.jchf.2021.05.021.


https://doi.org/10.1089/wound.2018.0832
https://doi.org/10.1097/MAT.0000000000001287
https://doi.org/10.1093/ejcts/ezab144
https://doi.org/10.1177/1076029615595881
https://doi.org/10.1056/NEJMe1413346
https://doi.org/10.1007/s11239-018-1680-8
https://doi.org/10.1097/MAT.0000000000000783
https://doi.org/10.1111/jth.13933
https://doi.org/10.1097/CRD.0000000000000212
https://doi.org/10.3748/wjg.v26.i20.2550
https://doi.org/10.14423/SMJ.0000000000000883
https://doi.org/10.3390/jcm11030613
https://doi.org/10.1016/j.jtcvs.2013.01.044
https://doi.org/10.1016/j.healun.2020.03.010
https://doi.org/10.1016/j.ccl.2020.01.005
https://doi.org/10.1111/aor.12518
https://doi.org/10.21037/jtd-20-2228
https://doi.org/10.1016/j.jacep.2018.05.006
https://doi.org/10.1111/aor.13638
https://doi.org/10.1111/aor.\penalty -\@M 12570
https://doi.org/10.1016/j.jchf.2015.06.015
https://doi.org/10.1097/MAT.0000000000001483
https://doi.org/10.3390/ph14080739
https://doi.org/10.1016/j.healun.2013.12.001
https://doi.org/10.5301/ijao.5000626
https://doi.org/10.1016/j.jacc.2016.03.573
https://doi.org/10.1007/s10047-020-01228-2
https://doi.org/10.1016/j.athoracsur.2021.12.014
https://doi.org/10.1093/icvts/ivac149
https://doi.org/10.1016/j.jacc.2015.07.075
https://doi.org/10.1016/j.acvd.2012.09.006
https://doi.org/10.1016/j.jchf.2021.05.021

	Long-term assist device patients admitted to ICU: Tips and pitfalls
	Introduction
	Infection
	Stroke/Neurological Events
	Gastrointestinal Bleeding (GIB)
	Right Ventricular Failure
	Malignant Arrhythmias
	Pump-specific AEs
	HeartWare
	Flow pulsatility
	Ventricular suction
	Systemic hypertension
	Controller change
	Pump thrombosis
	Inflow obstruction
	Intrapump thrombosis
	Outflow obstruction
	HeartMate 3
	Twisted outflow graft
	Obstruction of the outflow graft by bio debris

	Discussion
	Conclusions
	Funding
	Conflicts of Interest
	References


