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INTRODUCTION
Since their introduction in 2000, left ventricu
lar assist devices (LVADs) have become an 
important treatment option for patients with 
heart failure with reduced ejection fraction 
(HFrEF). However, after LVAD implantation as 
a bridge to candidacy, recovery, transplanta
tion, or destination therapy, patients require 
continuation of optimal medical therapy 
(OMT) [1]. So far, expert positions on heart 
failure (HF) permanent medical therapy have 
not focused on patients with LVADs [1–4]. 

The study aimed to compare medical the
rapy in patients before and after (at discharge) 
LVAD implantation.

METHODS
We included in this prospective singlecenter 
study all consecutive patients who were 
undergoing rehabilitation after LVAD im
plantation (Jan 1, 2019–Dec 31, 2021) at the 
Department of Coronary Artery Disease and 
Cardiac Rehabilitation, National Institute of 
Cardiology, Warsaw. Patients had implanted 
HeartMate3 and HVADTM Systems (till June 
3, 2021). Demographic, clinical charac
teristics, and medical therapy of HF were 
analyzed before and on discharge from the 
hospital. The analyzed data were obtained 
on an ongoing basis from hospital medical 
records. The study was supported by the 
State Committee for Scientific Research 
(STRATEGMED2/266798/15/NCBIR/2015). 
Bioethical Committee approval was issued 
on April 2, 2019 (IKNPIA002155/1784/2019). 

Statistical analysis
In the statistical analysis, the results of contin
uous variables were presented in the forms 

of arithmetic means and standard devia
tions (normal distributions) or medians and 
quartiles (skewed distributions). Qualitative 
variables were reported as counts and per
centages. McNemar’s test (binary variables) 
or symmetry tests (nominal variables with 
3 categories) were used to compare the sig
nificance of differences in treatment changes 
before and after the procedure. Twosided 
testing was applied, and a P <0.05 was con
sidered statistically significant. The analysis 
was performed using the SAS 9.4 statistical 
package (SAS Institute, NC, US).

RESULTS AND DISCUSSION 
The study included 55 men with HFrEF, New 
York Heart Association class IV, after LVAD 
implantation. The mean age was 55.5 (10.7) 
years; left ventricular ejection fraction was 
15.8 (4.6)%. The median length of hospital 
stay was 31 (24–43) days. Medical history 
included coronary artery disease: 31 patients 
(56.4%), valvular heart disease: 8 (14.5%), 
ventricular tachycardia/fibrillation: 37 (67.3%), 
atrial fibrillation: 35 (63.6%), cardiac resyn
chronization therapy: 11 (20%), implantable 
cardioverterdefibrillator: 50 (90.9%), stroke: 
11 (20%), peripheral artery disease: 11 (20%), 
arterial hypertension: 34 (68%), diabetes: 
21 (38.2%). Median creatinine concentration 
was 1.23 (0.94–1.97) mg/dl (Supplementary 
material, Table S1).

There were no changes before and 
after LVAD implantation in (1) use of beta 
blockers (BB) –53 patients (96.4%) used them 
before LVAD implantation vs. 54 (98.2%) after 
the procedure (P = 0.56), (2) use of mine
ralocorticoid receptor antagonists (MRA): 
53 patients (96.4%) vs. 50 (90.9%); P = 0.08, 
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(3) loop diuretics, 1 or 2: 52 patients (94.6%) vs. 46 (83.7%); 
P = 0.09 — with tendency to reduce, (4) digoxin: 9 patients 
(16.4%) vs. 8 (14.5%); P = 0.80. The number of patients 
treated with sacubitril/valsartan was low: 4 (7.3%) before 
vs. 2 (3.6%) after the procedure; P = 0.16. There was a reduc
tion in using (1) angiotensinconverting enzyme inhibitors 
(ACEI): 33 patients (60.0%) before vs. 16 (29.1%) after the 
procedure; P <0.001, (2) thiazide diuretics: 11 patients (20%) 
before vs. 0 (0%) after the procedure; P = 0.004, and (3) 
amiodarone: 17 patients (30.9%) before vs. 7 (12.7%) after 
the procedure; P = 0.012. 

At discharge, there was, however, an increase in the 
use of (1) angiotensin receptor blockers (ARB): 16 patients 
(29.1%) vs. 33 (60.0%); P <0.001, (2) allopurinol 30 (54.5%) 
vs. 38 (69.1%); P = 0.045, and (3) protonpump inhibitors: 
33 (60%) vs. 48 (87.3%); P = 0.002. The number of patients 
receiving vitamin K antagonists increased: 30 (54.5%) 
vs. 48 (87.3%); P <0.001, so did the number of patients 
taking aspirin: 27 (49.1%) vs. 49 (89.1); P <0.001, due to 
implanted devices (Table 1). No adverse events that would 
cause withdrawal from any drug have been observed. There 
were no deaths during hospitalization. 

The new findings of the current report are that HF 
optimal treatment in accordance with the guidelines, 

which includes the basic drug groups: BB, ACEI/ARB, 
MRA, and loop diuretics despite LVAD implantation was 
continued and ACEI usage was reduced in favor of the 
ARB, probably due to better tolerance. Continuation of 
treatment with loop diuretics despite improvement of left 
ventricular hemodynamic parameters may be surprising, 
but 56% of patients had chronic kidney disease (mean 
eGFR 49.1 ml/min, standard deviation 16). According to 
the 2019 European Association for CardioThoracic Surgery 
Expert Consensus on longterm mechanical circulatory 
support, many patients still suffer from volume overload 
after LVAD implantation and require diuretic therapies [5]. 
During the study period, sodiumglucose cotransporter 
2 inhibitors were not routinely used due to their limited 
availability and publication of the guidelines for their use 
only in the final phase of the study [2]. Despite a lack of 
wellcontrolled data, there are potential benefits of HFrEF 
OMT in LVAD patients to improve, among others, pulmo
nary circulation conditions, right ventricular support, and 
to reduce atrial and ventricular arrhythmias. Compared 
to other published retrospective studies, in our study the 
percentage of patients treated in the same way as before 
LVAD implantation was significantly higher. There were 
no significant differences in the treatment modes before 

Table 1. Medical therapy before and after LVAD implantation (n = 55)

Before 
implantation 

After  
implantation 

P-value
McNemar test

Drug withdrawal  
after implantationa

Drug initiationb 

Betablockers 53 (96.4) 54 (98.2) 1.00 1 (1.9) 2 (3.7)

MRA 53 (96.4) 50 (90.9) 0.25 3 (5.7) 0 (0)

ACEI 33 (60.0) 16 (29.1) <0.001 17 (51.5) 0 (0)

ARB 16 (29.1) 33 (60.0) <0.001 2 (12.5) 19 (57.6)

VKA 30 (54.5) 48 (87.3) <0.001 4 (13.3) 22 (45.8)

ASA 27 (49.1) 49 (89.1) <0.001 2 (7.4) 24 (49.0)

Clopidogrel 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Heparin 8 (14.5) 6 (10.9) 0.59 8 (100) 6 (100)

Loop diuretics 

0 (none) 3 (5.4) 9 (16.3) 0.09 9 (17.3) 3 (6.5)

1 (one) 27 (49.1) 31 (56.4)

2 (two) 25 (45.5) 15 (27.3)

Thiazide diuretics 11 (20.0) 0 (0) 0.004 11 (100) 0 (0)

Valsartan/sacubitril 4 (7.3) 2 (3.6) 0.50 2 (50.0) 0 (0)

SGLT2i 1 (1.8) 2 (3.6) 1.00 0 (0) 1 (50.0)

Digoxin 9 (16.4) 8 (14.5) 0.80 8 (88.9) 7 (87.5)

Ivabradine 7 (12.7) 5 (9.1) 0.69 4 (57.1) 2 (40.0)

Amiodarone 17 (30.9) 7 (12.7) 0.012 13 (76.5) 3 (42.9)

Propafenone 1 (1.8) 1 (1.8) 1.00 1 (100) 1 (100)

Mexiletine 3 (5.4) 2 (3.6) 1.00 2 (66.7) 1 (50.0)

Sildenafil 11 (20.0) 18 (32.7) 0.13 7 (63.6) 14 (77.8)

Thyroxine 7 (12.7) 10 (18.2) 0.25 0 (0) 3 (30.0)

Metformin 10 (18.2) 9 (16.4) 1.00 3 (30.0) 2 (22.2)

Insulin 2 (3.6) 2 (3.6) 1.00 0 (0) 0 (0)

Allopurinol 30 (54.5) 38 (69.1) 0.045 4 (13.3) 12 (31.6)

Iron 8 (14.5) 9 (16.4) 0.80 7 (87.5) 8 (88.9)

Antidepressants 7 (12.7) 18 (32.7) 0.012 4 (57.1) 15 (83.3)

IPP 33 (60.0) 48 (87.3) 0.002 4 (12.1) 19 (39.6)

Data are presented as numbers (percentage). aPercentages in relation to the number of patients taking a given drug before implantation. bPercentages relative to the number 
of patients taking a given drug after implantation

Abbreviations: ACEI, angiotensinconverting enzyme inhibitors; ARB, angiotensin receptors blockers; ASA, acetylsalicylic acid; MRA, mineralocorticoid receptor antagonists; 
PPI, protonpump inhibitors; SGLT2i, sodiumglucose cotransporter 2 inhibitors; VKA, vitamin K antagonists
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and after the procedure except for more frequent use of 
ARB and a reduction in the use of thiazide diuretics and 
amiodarone. Continued use of BB is important to reduce 
the risk of arrhythmia and control blood pressure. The 
reduced use of ACEI in favor of the ARB was probably due 
to better ARB tolerance and the growing use of valsartan 
in combination with sacubitril [3]. Continuation of MRA 
treatment is important in terms of inhibiting fibrosis, 
further remodeling of heart chambers, and reducing ar
rhythmias. Due to LVAD implantation, all patients received 
optimal anticoagulation (10.9% temporarily on heparin) 
and antiplatelet therapy.

The actual guidelines for the treatment of HF do not 
refer directly to the further medical treatment of LVAD pa
tients in general because there have been no prospective 
studies on medical therapy in this group of patients so 
far [3, 4]. Continuing medical treatment in patients with 
cardiomyopathy of nonischemic etiology has a key role 
in restoring the function of the cardiac muscle (class I C 
recommendation) [5]. HF medications (ACEI/ARB, BB, MRA, 
loop diuretics) should be considered during mechanical 
circulatory support (class IIa C recommendation) [5]. 
However, considering numerous comorbidities, such as 
cardiac arrhythmias, chronic kidney disease, liver failure, 
and others, OMT may be limited [6]. Treatment limitations 
may also result from improvement of the patient’s hemo
dynamic status and prevention of excessive hypotension.

An analysis of 5840 LVAD recipients demonstrated that 
the use of ACEI/ARB was 53%, BB: 72%, loop diuretics: 66%, 
and MRA: only 34.4% at 6 months post implantation. Use of 
OMT (ACEI/ARB, MRA, BB) was higher for those implanted 
in more recent years [7]. Continued treatment for HF after 
surgery may improve the prognosis of LVAD patients. In 
a report of 12 144 durableLVAD recipients, those receiving 
any neurohormonal blockade with either ACEI/ARB, BB, or 
MRA had significantly improved survival at 4 years postim
plantation compared to those on no therapy (respectively: 
56.0%; 95% confidence interval [CI], 54.5%–57.5% vs. 43.9%; 
95% CI, 40.5%–47.7%). Patients on all three therapies had 
the lowest hazard of death compared to other groups (HR, 
0.34; 95% CI, 0.28–0.41). Also, quality of life and functional 
status were improved with neurohormonal blockade [8]. 
According to some authors, the role of optimal treatment 
(LBA, ACEI/ARB, MRA, sacubitril/valsartan, sodiumglucose 
cotransporter 2 inhibitors, diuretics) in LVAD patients is not 
fully established [9]. Although, the 2023 International So
ciety for Heart and Lung Transplantation Guidelines finally 
recommend neurohormonal blockade and the treatment 
of hypertension after LVAD implantation with ACEI, ARB, 
ARBneprilysin inhibitors, BB, and MRA (class I B recommen
dation [10]), which confirms our results.

CONCLUSIONS
Left ventricular assist device implantations do not signifi
cantly change modes of medical therapy in HF, including 
drugs that improve prognosis. Interestingly, the use of 

ACEI has been significantly reduced in favor of the ARB 
probably due to better tolerance. This observation requires 
further studies.
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Supplementary material is available at https://journals.
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