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Introduction

Right ventricular failure (RVF) following left ventricular 
assist device (LVAD) placement is a complex disease 
including many causes and pathological events (1). A 
right-sided failure may complicate 10% to 40% of LVAD 

implantations and is associated with prolonged length 
of intensive care unit and hospital stay, as well as high 
morbidity and mortality (2-4).

In case of refractory RVF, temporary mechanical cardio-
circulatory supports may be required. New percutaneous 
devices, specifically designed for the RV, have been 
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introduced into the clinical practice (5,6). Although 
technology developments, the perfect timing of implant, 
the more appropriate configuration and device, as well as 
the identification of high-risk patients is not well clarified 
representing still a challenge. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at http://dx.doi.org/10.21037/jtd-20-2228).

Material and methods

We systematically searched the main articles in the 
current literature through PubMed and MEDLINE 
database. Search terms included right ventricular 
failure-left ventricular assist device-right ventricular 
assist device-mechanical cardio-circulatory support-
extracorporeal membrane oxygenation. Complete 
details, including electronic search strategy, objectives, 
criteria for study selection, eligibility, data collection, 
and assessment of study quality, were registered and 
published online in PROSPERO-International Prospective 
Register of Systematic Reviews (Registration Number: 
CRD42019134835).

The search was limited to human studies; no language 
restrictions were imposed. We made a screening of titles 
and abstracts identifying those records which considered 
patients with heart failure, treated with LVAD, and in which 
a proportion of the whole recruited population developed 
acute RVF (i.e., within 2 weeks of LVAD implantation). 
Furthermore, we verified that relevant data were available 
focusing on their quality and relevance assessment. We 
included studies with the following criteria: data were 
stratified for both RVF and No-RVF patients; data were 
expressed as n (%) or mean ± standard deviation and included 
clear denominators. Additional references were identified 
analyzing the bibliographies of the evaluated articles. The 
exclusion criteria were as follows: patients treated with medical 
therapy or intra-aortic balloon pump (IABP), biventricular 
assist device (BiVAD), neonatal/pediatric populations (i.e., 17 
years old or younger) and case reports.

We retrieved 21 publications; after removal of non-
pertinent reports, case reports, and studies in which the 
demography of the patients, the strategy and their outcome 
were not detailed, 12 papers remained. These studies were 
assessed and divided in four categories based on the strategy 
of right ventricle (RV) support:
	 Isolated LVAD vs. LVAD-extracorporeal membrane 

oxygenation (ECMO);
	 Isolated LVAD vs. LVAD-right ventricular assist 

device (RVAD);
	 Isolated LVAD vs. LVAD-ECMO vs. LVAD-

RVAD;
	 LVAD-Tandemlife ProtekDuo.
The PRISMA flow diagram, describing the decision-

making process about the management of the RVF after 
LVAD, is presented in Figure 1.

Changes in right ventricular function after LVAD 
placement

The genesis of the RVF is multifactorial and pathological 
events can increase RV afterload, decrease RV preload, or 
impair the contractility (7). Indeed, preoperative existing 
RV dysfunction may be aggravated by further physiologic 
changes related to LVAD implant (8,9). The increasing LV 
output could precipitate RVF through two mechanisms: 
volume overloading of the RV owing to an increased flow in 
the systemic circulation or a decrease in RV pump function 
caused by an interventricular septal (IVS) shift into the LV 
due to an exaggerated drainage (10). Thus, emptying the LV 
by exaggerated LVAD pump flow could interfere with RV 
function by compromising the contribution of the IVS to RV 
contraction due to the two ventricles interdependence (10).  
On the other hand, the reduction in LV congestion 
obtained by appropriate draining, may relieve the RV 
by reducing RV afterload, increasing the aortic and thus 
coronary blood flow, reversing a septal shift into the RV 
from a distended LV (11). The acute unloading of the LV, 
the increase of right-sided preload and the cardiac output 
leads to a septal shift thereby alter RV shape and size with 
modifications in the RV contractility. In addition, in the 
setting of an incompetent tricuspid valve, the increased 
RV volume and the left-ward shift of the septum may 
cause a tethering of valve leaflets, further deteriorating or 
generating hemodynamically critical tricuspid regurgitation 
(11,12). Among other reasons, an increased RV afterload 
due to pulmonary vasoconstriction and tachyarrhythmia 
which can double the risk of RVF have been also proposed 
(13,14).

Although the above-mentioned reasons are the most 
common explanations, the full understanding of the 
pathophysiology of LVAD-related RVF remains still not 
well understood.

Prognostic score and risk factors for RVF 

In the last years, a growing interest has been observed about 
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realizing risk models to predict RVF occurrence post-LVAD. 
Identifying patients at high risk for such a complication has 
been associated with improved management and outcomes 
(15,16) (Figure 2). Recent studies have highlighted a 
few predictors for such an adverse event: female gender, 
preoperative circulatory support, prior cardiac surgery and 
non-ischemic etiology of heart failure have all been found 
prognostic of RVF in this setting (17-19). The HeartMate 
II risk model reported CVP/pulmonary capillary wedge 
pressure >0.63, pre-operative mechanical ventilator support 
and blood urea nitrogen >39 mg/dL as independent risk 
factors (20). Other important predictors for RVF are the 
pre-LVAD implant grade of tricuspid incompetence, the 
geometry of the RV (right ventricle end diastolic diameter 
>35 mm, RV ejection fraction <30% and right atrial 
dimension >50 mm) in relation to pulmonary vascular 
resistance, elevated CVP, and evidence of liver and renal 

impairments (21).
After LVAD implant,  a moderate-severe mitral 

regurgitation might also be predictive of the onset or 
deterioration of RVF. Regarding intervention on mitral 
valve regurgitation as protective intervention to prevent 
RVF occurrence, there is no agreement about the 
appropriate management (11). Indeed, the disappearance or 
improvement of mitral valve insufficiency, after the LVAD-
related LV unloading, has been reported (22). In contrast, 
other studies have advocated the need of mitral repair 
as required and protective factor for early or late RVF 
occurrence (23,24). This aspect, therefore, remains still 
controversial. Regarding tricuspid valve anomalies (annulus 
>40 mm, moderate or severe regurgitation), tricuspid valve 
repair concomitant LVAD implant has also been advocated 
(25,26).

The risk for post-LVAD RVF has been associated at 

Figure 1 Prisma flow diagram.
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other parameters. In the study by Atluri and colleagues (27), 
a preoperative high CVP was associated with a higher risk 
of RFV. Furthermore, Fukamachi et al. (28), demonstrated 
low RV stroke-work index and low pulmonary artery (PA) 
pressure to be significant predictors of RVF. Other studies 
identified low cardiac index, diastolic pulmonary gradient, 
elevated pulmonary vascular resistance as important risk 
factors (29-31).

As far as risk models for RVF are concerned, the 
Michigan RVF risk score and the CRITT score have been 

shown to be helpful about predicting the probability of 
developing LVAD-related RVF (27,32). The Michigan score 
considers four variables: vasopressor use (assigning 4 points), 
creatinine >2.3 mg/dL (3 points), bilirubin >2 mg/dL  
(2.5 points) and aspartate aminotransferase >80 IU/dL  
(2 points); a greater risk for RVF is associated with a higher 
score (32). Instead, the CRITT score is a risk score based 
on 5 clinical variables and 0 or 1 point is allotted for each of 
them, including CVP >15 mmHg, severe RV dysfunction, 
preoperative mechanical ventilation/intubation, severe 

Figure 2 Definition of moderate and high-risk patients for right ventricular failure after left ventricular assist device and their management 
in the pre-, intra- and post-operative. AST, aspartate aminotransferase; BiVAD, biventricular assist device; BUN, blood urea nitrogen; CI, 
cardiac index; CPB, cardio-pulmonary bypass; CVP, central venous pressure; DPG, diastolic pulmonary gradient; FAC, fractional area 
change; LVEDD, left ventricle end-diastolic diameter; MR, mitral regurgitation; PA, pulmonary artery; PVR, peripheral vascular resistance; 
RA, right atrium; RV, right ventricle; RVEDD, RV end-diastolic diameter; RV EF, RV ejection fraction; RVESV, RV end-systolic volume; 
RVF, RV failure; RVSWI, RV stroke work index; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
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tricuspid regurgitation, and tachycardia. A CRITT score less 
than 2 is highly predictive of the ability to tolerate isolated 
LVAD therapy (negative predictive value of 93%) (26).  
Recently, Loforte and collaborators developed the ALMA 
score model (33). The parameters considered for the 
ALMA risk score include destination therapy, PA pulsatility 
index <2, right to left ventricular end-diastolic diameter 
ratio >0.75, RV stroke work index <300 mmHg/mL/m2, 
model for end-stage liver disease excluding international 
normalized ratio (MELD-XI) >17. In this risk model, 
an isolated LVAD is recommended for score of 0 or 1, a 
BiVAD for patients with score of 4 or 5, whereas a score of 
2 represents a grey zone and they can benefit from an LVAD 
with an appropriate pharmacologic and/or a temporary 
RVAD (33). Besides these risk factors, unfortunately, the 
pre-operative risk assessment cannot account for intra-
operative events such as air embolism, blood transfusion 
etc., which may influence the hemodynamic status and 
consequently, the RV function.

Temporary right ventricular support

Despite the optimal medical  treatment,  4–6% of 
the patients with RVF after LVAD implantation are 
unresponsive to pharmacological therapy and requires a 
temporary ventricular support (2,7). Several strategies have 
been described to support the RVF after LVAD implant. 
The RVF-device options include veno-arterial (V-A) 
ECMO, temporary RVAD (with/without oxygenator) with 
single lumen (Biomedicus or TandemLife) or double-lumen 
cannula (ProtekDuo® TandemLife), percutaneous devices 
(Impella RP® Abiomed), and, TandemHeart (TH-RVAD) 
(Figure 3) (Table 1).

One conventional approach includes peripheral V-A 
ECMO. It reduces LVAD preload due to RV unloading 
and increases the LVAD afterload with risk of reduced 
forward blood flow. With peripheral approach, the removal 
of the ECMO-related cannulas does not require a re-
sternotomy and it costs less than any other mechanical 
support device. Common complications are bleeding, 
infections, and vascular complications (34). Regarding the 
reduced pre-load and increased afterload of the LVAD in 
the presence of peripheral V-A ECMO, such conditions 
translate into decreasing pump preload and increased pump 
afterload which might negatively influence the LVAD 
function. Therefore, in such a condition, it is important to 
accommodate the ECMO /LVAD interaction to avoid the 
competition between the two devices and the differential 

hypoxia phenomenon (35-37).
Another possible option implies the cannulation of the 

PA which may be approached with a surgical access in case 
of intraoperative, open-chest implant, or percutaneously via 
the right internal jugular vein (38). The surgical approach 
may be performed through a direct cannulation or via a 
prosthetic graft anastomosed to the main PA (“Chimney 
technique”). The direct PA cannulation requires open chest 
cannulation of the PA with cannulation of the RA with 
direct access or via the femoral vein, and it ensures complete 
unloading of the RV with an anterograde trans-pulmonary 
blood flow and an adequate preload for the LVAD. The 
associated limitations are the general anesthesia, mechanical 
ventilation and the necessity of re-sternotomy to withdraw 
the PA cannula, and, in case, also the RA cannula, which 
can increase bleeding and infection complications (39). 
Instead, the end-graft facilitated technique represents a 
simplified ECMO in which the venous inflow cannula is 
placed percutaneously into the RA through the femoral 
vein and the outflow cannula, through an 8 mm Dacron 
graft is anastomosed end-to-side to the main PA using a 
side clamp. The Dacron prosthesis is in front of the LVAD 
outflow graft and is tunneled to its percutaneous exit 
side at the subxiphoid level. The outflow cannula is then 
inserted into the Dacron graft and secured firmly to the 
chest wall using multiple sutures. Thus, it allows a bedside 
removal without a re-sternotomy. In literature, no vascular 
graft related problems (after months the graft appeared 
completely thrombosed without pseudo aneurysm, peri-
graft fluid collections, pulmonary embolism or bleeding) 
were observed. It is associated with good LVAD pre- and 
post-load and with less thromboembolic events than the 
peripheral V-A ECMO (40,41).

Nowadays,  new tools  which can al low entirely 
percutaneous procedures have been developed. Indeed, 
the drainage cannula can be introduced from the femoral 
vein into the RA and a flexible outflow cannula can be 
place into the PA via the right internal jugular vein (42). An 
alternative fully percutaneous approach may be achieved 
with a single, double-lumen cannula, the PA is named 
ProtekDuo (TandemLife, Livanova, UK). This cannula 
is inserted in the right internal jugular vein to reach the 
main PA under fluoroscopy guidance, and allows 4 L/min 
flow (43); one lumen works as inflow draining the blood 
from the RA, while the second lumen delivers the blood 
into the main PA thanks to a multi-fenestrated distal tip. 
Such a configuration includes an oxygenator in the circuit 
(realizing a so called “OxyRVAD” configuration). When there 
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is no impairment of the gas exchange, the oxygenator can be 
removed/avoided and a pure RVAD is obtained, enabling a 
prolonged support without anticoagulation, and avoiding the 
oxygenator-related complications (plasma leakage, systemic 
inflammation, coagulopathy and thrombo-embolism) (44-46).  
In addition, the groin-free strategy of support may allow 
patient awakening and mobilization, reducing thereby 
possible respiratory or vascular complications (44-46).

Another percutaneous option is the Impella RP 
(Abiomed, Denver) which is characterized by a micro-
axial flow catheter with a flow of 4-5L/min. The catheter 
is placed into the right femoral vein and it ejects blood 
from the inferior vena cava into the PA, thereby bypassing 
the RV (47,48). This device may, therefore, represents an 
additional fully percutaneous approach, but consistent series 
and evidences are still not available (49).

The TH RVAD constitutes an additional percutaneous 
option for RVF. It delivers the blood through 2 venous 

cannulas. The inflow cannula is placed in RA via the left 
femoral vein, instead, the outflow cannula in PA through 
the right femoral vein. Another site of cannulation for the 
outflow is the right internal jugular vein, it can be used in 
case the femoral venous access is prohibitive: thrombosis, 
infection or inferior cava filters or in case of tall patients 
(distance from the femoral vein to the fifth intercostal space 
exceeds 58 cm) (50).

Another possible strategy, mostly in case of patient with 
an LVAD bridge-to-transplantation, is represented by a 
right VAD. In this respect, there are only small series and 
case reports available. The weaning rate from the right 
VAD was possible in the 45–75% of the patients (51). 
The major complication was represented bleeding and 
thrombosis of the VAD (52). They include the LVAD (Jarvik 
and HeartWare devices) (53) used in right position and the 
CentriMag paracorporeal VAD (54,55). For several reasons, 
such an approach is currently less considered for the related 

Figure 3 Temporary and long-term mechanical assist device for right ventricular failure after left ventricular assist device. LVAD, left 
ventricular assist device; OxyRVAD, right ventricular assist device with oxygenator; TH RVAD, TandemHeart RVAD; V-A ECMO, veno-
arterial extracorporeal membrane oxygenation.
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cost and invasiveness.

Discussion

Acute RVF is still a common complication after LVAD 
implantation associated with a reduced efficacy of LVAD in 
terms of flow and organ perfusion and a 6-month mortality 
reaching up to 29%. Its pathophysiology and management 
are complex and remain controversial (56-58). Despite 
optimized medical therapy, a significant number of LVAD 
patients still need a perioperative mechanical RV support. 
The outcome is different depending on the type of right 
assist device and the patient characteristics (Table 2).  
Kormos and collaborators (20), showed that patients 
receiving the HeartMate II with early RVF had a 20% 
reduction in 1-year survival compared with patients who 
did not have RVF. In the EUROMACS Registry, Soliman 
and colleagues described 2988 patients who had a LVAD, 
and the cumulative survival in the postoperative 24 months 
was higher in patients without RVF at the 6-month (79% 
versus 61%), 12-month (71% versus 53%), 18-month (65% 
versus 49%), and 24-month (58% versus 45%) follow-up, 
compared with patients with RVF (66).

Another factor which influences the prognosis in such a 
setting is the timing of RV support. Sometimes the severity 
of RVF is underestimated prior to or at the LVAD implant, 
with delayed RV support and consequent worse outcome. 
Bhama and associates, showed a better overall survival at 
3 months in patients who received an immediate RVAD 
as compared to a delayed support (79% vs. 46%) (63). 
Additionally, a recent study reported that the early use of 
a temporary RVAD in case of risk factors of RVF could 
improve the outcome and consequently decrease the overall 
mortality (62).

The duration of the support seems to affect the outcomes 
as well. In particular, a RV support lasting for more than 
7 days and a blood flow greater than 4L/min after LVAD 
may be associated with pulmonary bleeding complications 
due to the non-pulsatile flow perfusion of the lung during 
RVAD (67). Other studies confirmed the importance of the 
temporary ECMO for the right support (68). In particular, 
Riebandt and associates (61), showed that patients treated 
with ECMO have a 75% of in-hospital survival with 
no post-discharge mortality at 1 year. Another relevant 
experience was reported by Scherer and colleagues (60), 
who suggested that a preoperative ECMO can stabilize 
organ perfusion before the LVAD implantation and, in 
order to avoid RVF, it should not be removed for the 

immediate postoperative period. Furthermore, Leidenfrost 
and collaborators (64), reported improved metabolic 
parameters and a lower 30-day mortality in patients who 
received a RVAD after continuous-flow LVAD implantation.

In case of biventricular failure, it’s still not clear which 
is the perfect strategy of management. Shehab and 
colleagues (59), compared the outcome of BIVAD and a 
veno-pulmonary arterial ECMO, and observed that the 
ECMO is associated with a better in-hospital and late 
survival. A long-term dual VAD could be considered in 
patients with evident RVF. Those with mild signs of RVF 
may benefit from temporary percutaneous implantable 
pumps in the early perioperative period to allow for RV 
hemodynamic stabilization (69). A recent study showed 
another viable option in case of biventricular failure 
through the combination of an Impella CP, inserted via 
the axillary artery, with the ProtekDuo, connected with 
a TH pump allowing the patient to be awake during the 
support and the mobilization (70). Since its introduction 
in 2016, ProtekDuo cannula has been used mostly for RVF 
after LVAD. It provides good outcome with a high rate 
of weaning and RV recovery from the support. Clinical 
trials have to be conducted to elucidate the timing and the 
exact patient population (71,72). The largest experience 
with ProtekDuo has been reported by Ravichandran and 
collaborators (65). They showed how an earlier placement 
of the double-lumen cannula improves outcomes and 
reduces common complications (65).

Another percutaneous device for the RVF is the Impella 
RP. Hemodynamically, Impella has shown to increase the 
cardiac index restoring the forward perfusion, decrease 
the CVP, unloading of the RV, reducing systemic venous 
congestion and enhancing the end-organ perfusion. Its 
placement in LVAD patients with post-operative RVF 
has been associated with less necessity of inotropic or 
vasopressor therapy and a better outcome (survival at  
30-days or discharge in 83%; all discharged patients were 
alive at 180 days) (48). There were no thromboembolic 
complications, no pulmonary embolism, and minimal 
cardiac structure or vascular perforation or damage. The 
most prevalent complication was bleeding, however, with a 
lower rate compared to surgical RVAD and hemolysis, while 
worsening of tricuspid or pulmonary valve dysfunction was 
infrequent. The access site to the femoral vein is however, 
limiting patient mobilization (47,73,74). The use of Impella 
is growing in the context of isolated RVF and biventricular 
dysfunction in patients with short- and long-term LVAD. 
For the biventricular support, the BIPELLA, a combination 
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Table 2 Comparison outcome of different right mechanical supports for right ventricular failure after left ventricular assist device 

Study Patients features Outcome

Isolated LVAD vs. 
LVAD-ECMO

Shehab  
et al. (59)

75 isolated LVAD—mean age: 53; male: 60 (80%); 
etiology: DCMP 53 (71%), ischemic 15 (20%), other 7 
(9%). 23 LVAD-V-A ECMO (femoral vein and PA through 
“Chimney technique”) —mean age: 51; male: 19 (83%); 
etiology: DCMP 12 (52%), ischemic 9 (39%), other 2 
(9%)

Isolated LVAD—survival 30-d: 75 (100%); survival to 
discharge: 68 (91%); 1-y survival: 63 (84%); CTx: 46 (61%); 
died on support: 17 (23%). LVAD-V-A ECMO—survival 30-
d: 20 (87%); survival to discharge: 19 (83%); 1-y survival: 15 
(65%); CTx: 11 (48%); died on support: 10 (43%)

Scherer  
et al. (60)

10 LVAD-ECMO—6 pts had ECMO before LVAD for CS 
and after the LVAD the ECMO hasn’t been removed; 4 
pts had ECMO after LVAD implantation; 8 femo-femoral 
ECMO, 2 subclavian-femoral ECMO; mean age: 53±10; 
male: 9 (90%); etiology: DCMP 7 (70%), ischemic 2 
(20%), myocarditis 1 (10%); mean time support: 8±4 
days

Weaning ECMO: 10 (100%); mortality after weaning from 
ECMO: 4 (40%) (2 sepsis, 1 mesenteric ischemia, 1 GI 
bleeding); no death RV-related; overall survival: 6 (60%)

Riebandt  
et al. (61)

122 isolated LVAD. 32 LVAD-ECMO—subclavian artery 
with a side graft + femoral vein percutaneously or femo-
femoral ECMO percutaneously; mean age: 52±14; male: 
27 (84.4%); etiology: DCMP 16 (50%), ischemic 13 
(40.6%), other 3 (9.4%); in-hospital stay: 37±30 days

LVAD-ECMO—weaning ECMO: 29 (90.6%); mortality 
on LVAD-ECMO: 3 (9.4%) (1 for sepsis, 1 for MOF, 1 for 
ischemic stroke); mortality 30-days: 6 (18.8%); in-hospital 
mortality: 8 (25%) [4 (12.5%) MOF, 2 (6.3%) sepsis, 1(4.5%) 
ischemic stroke, 1 (4.5%) hemorrhagic stroke]; 1-year 
survival: 24 (75%)

Isolated LVAD  
vs. LVAD-RVAD

Kierman  
et al. (50)

9,580 isolated LVAD. 396 LVAD-RVAD—mean age >60 y: 
161 (41.7%); male: 303 (78.5%); etiology: ischemic 189 
(49.7%)

Isolated LVAD—survival 30-d: 96.1%; LVAD-RVAD—survival 
30-d: 73.5%

Kormos  
et al. (20)

386 isolated LVAD—mean age: 51.8±13.5; male: 306 
(79%); etiology: ischemic 174 (45%). 30 RVAD-LVAD—
mean age: 51.0±13.3; male: 23 (77%); etiology: ischemic 
15 (50%)

Isolated LVAD—survival at 1-year: 78%±3%; RVAD-LVAD—
survival at 1-year: 59%±9%

Fischer  
et al. (62)

22 isolated LVAD—mean age: 61.9±8.9; male: 19 (86%); 
etiology: DCMP 10 (45%), ischemic 8 (36%), AMI 2 (9%). 
22 LVAD-RVAD—mean age: 54.6±14.2; male: 19 (86%); 
etiology: DCMP 13 (59%), ischemic 8 (6%), AMI 1 (5%)

Isolated LVAD—mean time to hospital discharge: 38.5 days; 
CTx: 10(46%); survival rate (%): at 1 month 90.9±6.1; at 3 
months 76.5±9.2; at 6 months 71.4±9.9. LVAD-RVAD—mean 
duration RVAD support: 8.5 days; mean time to hospital 
discharge: 37 days; CTx: 10 (46%); survival rate (%): at 1 
month 89.9±7.9; at 3 months 80.5±8.8; at 6 months 60.4±12

Deschka  
et al. (45)

27 isolated LVAD—etiology: DCMP 14 (51.8%), ischemic 
11 (40.7%), congenital 1 (3.7%), amyloidosis 1 (3.7%). 
25 LVAD-RVAD—mean age: 55.4±12.4; male: 20 (80%); 
etiology: DCMP 10 (40%), ischemic 14 (56%), chronic 
rejection 1 (4%); mean duration RVAD: 11.1±7.2 days; 
annuloplasty tricuspid valve for IT: 15 (60%)

Isolated LVAD—in-hospital survival: 19 (70.4%); 1-year 
survival: 66.7%. LVAD- RVAD—weaning RVAD: 23 (92%); 
in-hospital death on RVAD: 2 (8%) (1 MOF and 1 cerebral 
hemorrhage); in-hospital death after weaning RVAD: 6 
(24%) (5 sepsis, 1 hemorrhagic shock and MOF); in-hospital 
survival: 17 (68%); follow-up at 18 months: 3/17 CTx, 5/17 
deceased, 9 still on LVAD; 1-year survival: 56%

Bhama  
et al. (63)

42 LVAD-RVAD—mean age: 55±13; male: 27 (64%); 
etiology: DCMP 18 (43%), ischemic 22 (52%), other 2 
(5%)

Weaning RVAD: 35 (83%); mortality <30 days or before 
discharge: 10 (24%); mortality>30 days or after discharge: 
13 (31%)

Table 2 (continued)
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of Impella CP for the left support and Impella RP for the 
right one has shown promising results (49,75).

In literature, the use of TH for RVF is associated with 
a widely different mortality, with the lowest in the after-
LVAD setting. Patients who didn’t survived to hospital 
discharge were older and had biventricular failure or major 
bleeding complications (7,76,77).

The choice of the mechanical support in such a setting is 
still a challenge. In the decision-making, it is important to 
consider the timing of RVF occurrence and the strategy of 
the LVAD implantation. If the RVF occurs in the operating 
room, valid options might be a direct RV support (RA and 
PA cannulation) or to consider a peripheral V-A ECMO as 
temporary support. An additional intra-operative approach 
might include a dedicated RV support with RA drainage 
through a femoral vein and graft-interposed PA cannulation. 
Instead, if a full percutaneous approach is considered, 
implantation of a percutaneous double-lumen ProtekDuo 
cannula in the PA or Impella RP through the femoral 
vein, are good options, particularly if the RVF occurs in 
the ICU or perioperatively. V-A ECMO is often the first-

line of support because of the facility of implantation, the 
availability of the machine in most of the centers, and the 
lower cost compared to the percutaneous or other devices. 
However, as previously mentioned, the effects of reduced 
LVAD loading and the competitive retrograde aortic flow 
against the LVAD ejection, should be carefully considered.

The strategy of the LVAD (bridge-to-transplantation or 
destination therapy) may also influence the decision-making. 
In any pre-LVAD implant situation, a proper RV assessment 
should be applied to avoid or reduce the risk of RVF 
regardless the strategy of the LVAD. In any post-LVAD 
situations, the first approach should be always a temporary 
RV support. In case of no recovery of the RV after adequate 
waiting time and a bridge-to-transplantation objective, an 
attempt to speed up the waiting time to organ availability 
and transplanting the patient should be pursued. In case of 
a destination therapy and failing temporary RV support, 
it is doable to consider a long-term VAD (HeartWare, 
Heartmate) in right position, therefore, achieving a BiVAD 
support. Despite the available series, however, new studies 
are needed to define the best mechanical cardio-circulatory 

Table 2 (continued)

Study Patients features Outcome

Isolated LVAD vs. 
LVAD-ECMO vs. 
LVAD-RVAD

Liedenfrost  
et al. (64)

240 isolated LVAD. 15 LVAD-RVAD—mean age: 64.6±7; 
etiology: ischemic 12 (80%). 12 LVAD-OxyRVAD—mean 
age: 45.6.6±16; etiology: ischemic 0

LVAD-RVAD—weaning RVAD: 10 (64%); 30-days mortality: 7 
(47%). LVAD-OxyRVAD—weaning OxyRVAD: 10 (83%); 30-
days mortality: 1 (8%)

Noly  
et al. (40)

56 isolated LVAD. 10 V-A ECMO-LVAD—etiology: DCMP 
2 (20%), ischemic 8 (80%); mean duration ECMO: 
7.12±5.4days. 8 LVAD-OxyRVAD—etiology: DCMP 4 
(50%) ischemic 4 (50%); mean duration RVAD: 9.57±3.5 
days

Isolated LVAD—mortality follow up: 24 (42%). V-A ECMO-
LVAD—mortality on ECMO: 2 (20%) (MOF); mortality after 
weaning ECMO: 4 (40%) (1 suicide, 2 ischemic stroke, 1 
hemorrhagic stroke); CTx: 3 (30%); mortality follow-up: 7 (70%). 
LVAD-OxyRVAD—mortality on OxyRVAD: 1 (12.5%); mortality 
after weaning RVAD: 2 (37.5%) (1 hemorrhagic stroke, 1 
tamponade); CTx: 2 (25%); mortality follow-up: 4 (50%)

LVAD-Tandemlife 
ProtekDuo

Ravichandran  
et al. (65)

12 ProtekDuo-LVAD—mean age: 56.3±8; male: 9 (76%); 
etiology: ischemic 5 (42%)

Weaning ProtekDuo: 4 (33%); mortality on ProtekDuo: 7 
(58%); duration ProtekDuo support: 10.5±6.5 days

Schmack  
et al. (43)

11 ProtekDuo-LVAD—mean age: 51.6±13.1; male: 10 
(90.0%); etiology: DCMP 5 (45.5%), ischemic 6 (54.5%)

Weaning ProtekDuo: 10 (90.9%); survival 30-d: 8(72.7%); 
mortality follow-up: 4 (36.4%) (3 MOF, 1 cerebral 
hemorrhage); duration ProtekDuo support: 16.8±9.5 days

AMI, acute myocardial infarction; CS, cardiogenic shock; CTx, heart transplantation; DCMP, dilative cardiomyopathy; ECMO, 
extracorporeal membrane oxygenation; GI, gastrointestinal; IT, tricuspid insufficiency; LVAD, left ventricular assist device; MOF, multi-
organ failure; Pt(s), patient(s); RV, right ventricle; RVF, right ventricular failure; RVAD, right ventricular assist device; V-A ECMO, veno-
arterial ECMO.
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support for RVF, the appropriate timing of implantation, 
and the best candidates for each of devices.

Conclusions

RVF after LVAD is rather frequent and poses a significant 
challenge. Prediction is difficult and prognostic scores are 
variable. In case of refractory RVF, the use of temporary 
mechanical support may be required, providing a better 
survival. The percutaneous V-A ECMO is increasingly 
considered and with several options for post-LVAD RVF, 
supplying many treatments modalities and configurations. 
In case of RVF, a timely initiation of support provides a 
better survival with results comparable to those in LVAD 
implantation without RVF. Despite ECMO is a valuable 
tool, drawbacks and complications must be considered, 
particularly the effects on LVAD function. Finally, the 
development of new approaches and cannulas, such as 
the ProtekDuo, may lead to a minimally invasive and full 
percutaneous support enhancing the decision-making and 
management of this population. However, more studies are 
warranted to prove the hemodynamic and clinical effect of 
such attractive approaches.
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