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The impact of Angiotensin II Type 1 Receptor antibodies on morbidity and 
mortality in Heart Mate II supported recipients

Marian Urbana, Antonij Slavcevb, Tomas Gazdicc, Peter Ivaka, Ivan Netukaa

Aims. One of the proposed limitations of left ventricular assist device (LVAD) therapy is high degree of sensitization. 
Apart from human leukocyte antigen (HLA), antibodies against Angiotensin II Type 1 Receptor (AT1R) have been as-
sociated with adverse outcomes. The purpose of this study was to compare complications and survival of anti – AT1R 
positive versus negative Heart Mate II (HMII) recipients.
Methods. Altogether 96 patients received HMII at our institution between 2008 and 2012. These were stratified into 
three groups: antibody positive before implantation (AT1R+), antibody conversion during support (AT1R-/+) and pa-
tients who remained antibody negative (AT1R-). Survival, major on-device adverse events and post-transplant rejections 
were assessed with Kaplan-Meier and log-rank tests.
Results. Two year on-device and overall survival was 78 ± 12% and 75 ± 10% in AT1R-, 60 ± 23% and 60 ± 15% in AT1R+ 
and 92 ± 6% and 87 ± 5% in AT1R-/+ group (P = 0.409, P = 0.185). Freedom from major adverse event at two years for 
AT1R-, AT1R+ and AT1R-/+ was 49 ± 14%, 53 ± 16% and 41 ± 11% (P = 0.875). Freedom from rejection was 63 ± 17% in 
patients who were both anti-AT1R and HLA negative and 65 ± 13% in those who were antibody positive (P = 0.788).
Conclusion. Patients who were anti-AT1R antibody positive had similar on-device survival and rate of complications 
in comparison to those who were antibody negative. In transplanted patients, there were no differences in the overall 
survival and rejection between the groups.
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INTRODUCTION

Left ventricular assist devices (LVAD) reduce heart 
transplant waiting list mortality and improve the quality 
of life and survival in selected group of patients with end 
– stage heart failure1. One of the proposed limitations of 
mechanical support therapy is a higher degree of sensi-
tization among LVAD recipients. Apart from antibodies 
directed against human leukocyte antigen (HLA), sev-
eral non-HLA antibodies such as autoantibodies against 
Angiotensin II type 1 receptor (AT1R) have been asso-
ciated with an LVAD use2. AT1R differs from all other 
non-HLA antigenic targets in the mechanism of action. 
The binding of antibodies to AT1R induces physiological 
effects that mimic those of natural ligand in the renin-
Angiotensin system3. Anti-AT1R antibodies exert their 
damaging effect by binding to the second extracellular 
loop of AT1R receptors present in endothelial and vascu-
lar smooth muscle cells, inducing endothelial activation 
and dysfunction. Previous reports have identified heart 
transplant recipients who developed anti-AT1R antibodies 
to be at increased risk of post-transplant rejection and car-
diac allograft vasculopathy4,5. Apart from an effect on the 
vascular tone, these antibodies also lead to pro – inflam-
matory and pro – coagulatory responses. The objectives 

of our study were to evaluate the degree of sensitization 
against AT1R among our LVAD recipients and also to 
assess whether the presence of these antibodies could 
cause a higher incidence of thromboembolic and infec-
tious complications. 

MATERIALS AND METHODS

Patients 
We prospectively evaluated the presence of anti-AT1R 

antibodies in 96 consecutive Heart Mate II recipients at 
our institution between 2008 and 2012. After excluding 
13 patients who died within 60 days of implantation, 
83 patients with a mean duration of 375 ± 34 days of sup-
port were left for the analysis. Out of a total of 83 patients, 
69 eventually underwent heart transplantation, 9 died on 
support, three were explanted for recovery and two were 
still alive on support at the last day of follow-up. Follow-up 
of all transplanted patients ended on 5 April 2015, was 
100% complete, and totalled 2587 patient-months.

Antibody Analysis 
Serum samples were collected before implanting the de-

vice and at the pre-determined time points throughout the 
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support. Anti-AT1R antibodies were assayed by sandwich 
enzyme-linked immunosorbent assay (ELISA) using a com-
mercially available kit (CellTrend, Luckenwalde, Germany). 

Peripheral blood was obtained into sterile 10-mL 
serum separator tubes. Samples were centrifugated at 
1000 g for 15 min; serum was collected and stored at – 
20 °C until the day of measurement. The concentration 
of anti-AT1R IgG antibody in serum was measured by 
ELISA according to the manufacturer’s instructions. The 
samples were assayed on Angiotensin II type 1-receptor-
precoated microtiter plates. Standards and diluted 1:100 
samples were added into the wells and incubated for two 
hours at 2–8 °C. After washing steps, anti-AT1R antibody 
was detected with POD-labelled anti-human IgG antibody 
(1:100) followed by color development with TMB sub-
strate solution and, measured at 450 nm, with correction 
wavelength set at 630 nm. Optical densities were then 
converted into concentration by standard curve. The de-
tection range of the test was > 2, 5 U/mL with positive 
value set at 17 U/mL and negative ≤ 17 U/mL. 

Adverse Events Definitions 
Various adverse clinical events during the support 

were compared between antibody positive and antibody 
negative recipients. Standard INTERMACS definitions 
were used to classify individual post Heart Mate II im-
plantation adverse events6. 

Statistical Analysis 
Continuous variables are presented as median with 

25th and 75th percentile interval. Categorical variables 
are shown as the percentages. The χ2-test and Fisher’s 
exact test were used to evaluate categorical variables. The 
data were analysed using the Mann-Whitney U test and 
Kruskal Wallis one – way analysis of variance for multiple 
group analysis. Survival and time-to-event analyses were 
assessed by Kaplan-Meier method and the log-rank test 
was used for comparisons. Heart Mate II recipients were 
censored for transplantation and LVAD explantation after 
recovery to calculate estimated on-device survival. For 
overall survival analysis, all patients were censored on the 
date of death or at conclusion of the study. Only patients 
surviving the first 60 days post Heart Mate II implanta-
tion were included in the on-device survival analysis. Date 
of Heart Mate II implantation was set as the time origin 
for survival and freedom from LVAD associated adverse 
event analyses and the date of transplantation as the time 
origin for freedom from rejection analysis. The linear-
ized rate for each adverse event was calculated as total 
number of observed events divided by total patient-years 
of follow-up and expressed as episodes per one patient – 
year (eppy). A P value < 0.05 was considered significant. 
The statistical analyses were performed with IBM SPSS 
18 (SPSS Inc., Chicago, Il, USA). 

Table 1. Basic characteristics of AT1R antibody negative versus positive HeartMate II recipients before implantation. 

AT1R positive (n = 13) AT1R negative (n = 70) P 

Age, years 50 (40, 59) 45 (33, 58) 0.607 
BMI 25.4 (22.9, 27.8) 22.6 (20.3, 25.9) 0.021 
Male gender, % 11 (85) 60 (86) 0.918 
Ischemic etiology of heart failure, % 3 (23) 24 (34) 0.766 
HLA sensitized, % 0 4 (6) 0.477 
Previous mechanical support, % 2 (14) 8 (11) 0.822 
Previous sternotomy, % 2 (14) 15 (21) 0.660 

BMI, body mass index; HLA, human leukocyte antigen

Table 2. Comparison of AT1R negative patients versus those who became AT1R positive during HeartMate II support.

 AT1R negative (n = 20) AT1R positive (n = 50) P 

Age, years 47 (41, 57) 51 (36, 59) 0.969 
BMI 26.5 (23.3, 28.8) 25.0 (22.0, 27.0) 0.326 
HMII duration of support, days 324 (137, 470) 246 (129,416) 0.907 
PRBC during implantation, units 9 (6, 18) 10 (8, 14) 0.608 
FFP, units 26 (15, 32) 26 (22, 34) 0.856 
Platelets, units 3 (2, 4) 4 (3, 6) 0.277 
Ischemic etiology of heart failure, % 6 (30) 18 (36) 0.696 
Previous mechanical support, % 1 (5) 6 (12) 0.730 
Previous sternotomy, % 5 (25) 10 (20) 0.800 
HLA sensitized, % 8 (40) 15 (30) 0.545 
Male gender, % 18 (90) 42 (84) 0.713 
Driveline infection, % 4 (20) 13 (26) 0.761 

BMI, body mass index; HMII, Heart Mate II; PRBC, pure red blood cells; FFP, fresh frozen plasma; HLA, human leukocyte antigen
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RESULTS 

Anti-AT1R antibodies were observed in 13/83 (16%) 
of the recipients before Heart Mate II implantation (Table 
1). Four of these patients (6%) were also sensitized 
against HLA antigens. During the support, 50 patients 
(71%) who were initially anti-AT1R negative became posi-
tive (AT1R-/+) and 20 (29%) remained negative (AT1R-). 
Total amount of Heart Mate II support for all 83 patients 
was 86.7 patient-years. There were no differences in the 
duration of support or the amount of the blood products 
used between LVAD recipients who remained negative 
and those who became positive. Basic demographic and 
clinical characteristics of both patients groups are sum-
marized in Table 2. Out of 20 patients who remained 
negative on the mechanical device, 8 became sensitized 
to HLA antigens. In a cohort of 50 LVAD recipients who 
developed anti – AT1R antibodies during the support, 
15 recipients also developed concurrent anti – HLA an-
tibodies.

Survival 
Out of 83 LVAD recipients who survived 60 days 

post–implantation, 9 additional patients died after a 
mean duration of support of 462 (minimum 82, maxi-
mum 1123) days. Two year estimated on – device survival 
was 78 ± 12% in AT1R-, 60 ± 23% in AT1R+ and 92 ± 6% 
in AT1R-/+ group (P = 0.409) (Fig. 1). Overall survival 
for AT1R-, AT1R+ and AT1R-/+ was 75 ± 10%, 60 ± 15% 
and 87 ± 5% at two years and 70 ± 10%, 60 ± 15% and 82 
± 6% at four years from Heart Mate II implantation (P = 
0.185) (Fig. 2).

Major adverse events 
Freedom from device malfunction, major infection, 

major bleeding and neurologic dysfunction at two years 
for AT1R-, AT1R+ and AT1R-/+ was 49 ± 14%, 53 ± 16% 
and 41 ± 11% (P = 0.875) (Fig. 3). 

Device malfunction
Altogether 5 patients (6%) experienced device mal-

function in our cohort (0.06 eppy). All episodes were 
related to pump failure (pump thrombosis in four patients 
and kinked outflow graft in one patient) and resulted in 
pump exchange in two patients and death in two patients. 
One patient with pump thrombosis was successfully treat-
ed conservatively and subsequently transplanted. Freedom 
from device malfunction at 2 years in AT1R+, AT1R- and 
AT1R-/+ was 100%, 95 ± 5% and 86 ± 8% (P = 0.487). 

Major bleeding 
Our institutional protocol for patients supported with 

HeartMate II device is anticoagulation with Warfarin 
(target INR of 1.8 – 2.2) without antiplatelet therapy. 
Out of 83, three patients (4%) experienced major bleed-
ing episode after 7 days post implantation (0.03 eppy). 
The reasons for readmissions for bleeding were epistaxis, 
retroperitoneal bleeding and GI bleeding. All patients 
were discharged home following their bleeding episode 

Fig.1. On-device survival of HeartMate II recipients stratified 
according the presence of anti-AT1R antibodies.

Fig. 2. Overall survival of HeartMate II recipients stratified 
according the presence of anti-AT1R antibodies.

and all three eventually underwent heart transplantation. 
Freedom from major bleeding at 2 years in AT1R+, AT1R- 
and AT1R-/+ was 100%, 100% and 90 ± 5% (P = 0.232). 

Major infection 
More than one third (27 patients, 33%) of our patients 

were readmitted due to infection during the course of 
their mechanical support (0.3). These patients fell into 
two major categories: infection of a drive - line site (21 pa-
tients) and deep sternal wound infection (6 patients). Two 
patients experienced both drive – line and deep sternal 
wound infections. One patient with deep sternal wound 
infection developed sepsis, multi – organ failure and sub-
sequently died as a direct consequence of LVAD infec-
tion. Freedom from major infection at 2 years in AT1R+, 
AT1R- and AT1R-/+ was 54 ± 16%, 62 ± 13% and 51 ± 
11% (P = 0.594).
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Neurological dysfunction 
Altogether six (7%) patients experienced neurologi-

cal dysfunction. Four patients suffered from hemorrhag-
ic CVA (0.05 eppy) and two from ischemic CVA (0.02 
eppy). Two of the patients recovered and were subsequent-
ly transplanted, four died as a result of CVA. Freedom 
from neurologic dysfunction at 2 years in AT1R+, AT1R- 
and AT1R-/+ was 87 ± 12%, 93 ± 7% and 92 ± 6% (P = 
0.997). 

Post transplantation rejection
Out of 69 transplanted patients 8 did not survive to 

discharge and had no biopsy results available. Of the 61 
transplant survivors, 44 patients were anti – AT1R posi-
tive and 17 were anti – AT1R antibody negative at the 
time of transplant. There was no difference in freedom 
from rejection (ACR ≥ 2R and/or pAMR ≥ 1) among 
transplant survivors based on the pre-transplant presence 
of anti-HLA and anti-AT1R antibodies (Fig. 4).

DISCUSSION 

Left ventricular assist devices are a recognized risk 
factor for sensitization of patients awaiting cardiac trans-
plantation7-9. The negative impact of anti – HLA antibod-
ies on post – transplant allograft function and survival has 
now been well documented. Recently, there has been ac-
cumulating evidence of various non – HLA antibodies in-
volvement in decreased allograft and recipient survival5-10. 
While anti – HLA antibodies exert their negative effect via 
complement activation and antibody – mediated cytotox-
icity, antibodies against AT1R, act as a natural allosteric 
receptor agonist. Angiotensin type 1 receptor is a G pro-
tein-coupled receptor (GPCR) that mediates physiologic 
actions of Angiotensin II. Binding of agonistic antibodies 
to AT1R causes activation of the phosphatidylinositol-
calcium second messenger system, phosphorylation of ex-
tracellular signal-regulated kinase 1/2 (Erk 1/2), activator 
protein 1 (AP–1) activation, and increase DNA-binding 
activity of nuclear factor-ĸB (NF-ĸB) pro-inflammatory 
target genes11. Anti-AT1R antibodies also trigger tissue 
factor induction, as evidenced by intense diffuse tissue 
staining of epithelial, endothelial and mesangial cells in 
the renal transplant biopsy specimens obtained at the 
time of AT1R antibody mediated rejection in the absence 
of complement activation3. Anti-AT1R antibodies derived 
from preeclamptic patients enhanced promoter activity of 
tissue factor, an initiator of extrinsic coagulation pathway 
and a target gene for AP–1 and NF-ĸB in vitro12. Anti-
AT1R antibodies developed during pregnancy cause both 
maternal and fetal pathology via pro-inflammatory, vaso-
constrictive, pro-coagulatory and pro-apoptotic actions 
on the placenta13. There is also evidence that anti-AT1R 
antibodies promote endothelial micro particles formation 
through activating p38 mitogen-activated protein kinase 
pathway. The “injured” endothelial micro particles trigger 
reactive oxygen species production and reduce nitric oxide 
synthesis in vitro experiments14. Zhang et al.15 investigated 
in an animal model the association between autoantibod-

Fig. 3. Freedom from Heart Mate II post – implantation adverse 
events (device malfunction, major bleeding, major infection and 
neurologic dysfunction).

Fig. 4. Freedom from rejection of transplanted patients strati-
fied according the presence of anti-AT1R antibodies and anti-
HLA antibodies.

ies against AT1 receptor and endothelial dysfunction in 
vivo. The investigators demonstrated an increased activity 
of lactate dehydrogenase (LDH) in anti-AT1R positive 
rats which was regarded as an indicator of cell necrotic 
death. Functional assessment revealed a decline in the 
endothelium – dependent relaxation and up – regula-
tion of endothelial intracellular adhesion molecule – 1 
(ICAM-1) suggesting that endothelial cells may have 
inflammatory lesions in anti-AT1R positive rats. Given 
the known potential of these antibodies to activate in-
flammatory and coagulation cascade we hypothesized 
that mechanically bridged patients with raised levels of 
anti – AT1R antibodies may experience increased rate 
of thromboembolic and infectious complications while 
on support. 

Our results showed that 16% of our patients with end 
– stage heart-failure were already anti – AT1R positive 
before LVAD implantation. This finding is in agreement 
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with Du et al.16, who showed that anti-AT1R antibodies 
exist in the sera of congestive heart failure patients with 
ischemic cardiomyopathy and hypertension. The authors 
suggested that these antibodies may play an important 
role in the pathogenesis and myocardial remodelling of 
heart failure. Anti-AT1R antibodies develop through simi-
lar pathways as those observed for HLA specific antibod-
ies: transfusions, pregnancies and prior transplant. We 
did not find any association between basic demographic 
and clinical characteristics (female gender/ previous preg-
nancy, history of surgery) and sensitization against AT1R 
before LVAD implantation. 

There is accumulating evidence that LVAD support 
may be associated not only with an increased anti-HLA 
but also various anti non-HLA antibodies. Hiemann et 
al.5 reported in their pilot study that patients on assist 
device support before heart  transplantation were more 
likely to develop high anti – AT1R antibody levels (43% 
of supported versus 18% of non – supported patients, P = 
0.021) within 24 h after heart transplantation, implicat-
ing pre – transplant sensitization. Barten el al.2  found in 
their study of 29 VAD recipients that 65.5% were positive 
for anti-AT1R antibodies. Our results confirmed these 
findings. During the support 71% of the initially nega-
tive AT1R patients became positive. There are multiple 
pathways by which the production of antibodies against 
AT1R in patients supported with mechanical devices may 
be initiated. Protein antigenic determinants from targets 
may become accessible after injury or surgical stress. 
Inflammatory events might lead to de novo expression 
of autoantigens17. These autoantibodies are generally of 
the IgG class requiring T cell help18. T cell self-tolerance 
may be broken by an inflammatory event or hypoxia. We 
observed no association between pre-operative demo-
graphics, blood product peri-operative use or duration of 
mechanical support and conversion of AT1R negative to 
AT1R positive status. 

Apart from longer waiting times with associated in-
creased morbidity and mortality, there have been no re-
ports linking anti HLA or anti non-HLA antibodies in 
mechanically bridged recipients to post-LVAD adverse 
outcomes. Our theory that anti-AT1R antibodies with 
their proinflamatory and procoagulation properties and 
their ability to cause endothelial dysfunction may lead 
to an increased rate of thromboembolic and infectious 
complications in LVAD recipients was not borne out in 
our results. There was no difference in the overall sur-
vival among patients who were anti-AT1R antibody nega-
tive before Heart Mate II implantation and patients who 
either became positive or remained negative during the 
support. The incidence of device malfunction, bleeding, 
infection and neurological dysfunction was not influenced 
by the presence of anti-AT1R antibodies. There are several 
possible explanations for the lack of negative impact of 
AT1R activating antibodies on survival and adverse LVAD 
related complications in our cohort. Biological impetus 
regulating At1R antibody injury is fairly complex. Level of 
AT1R and induction of specific conformations is depen-
dent on individual genetic polymorphisms and the state 
of local tissue expression influenced by various stressors. 

AT1R gene has 14 described polymorphisms, and some of 
them act as gain or loss of function mutations implicated 
in receptor activation19. The most extensively studied 
A1166C polymorphism is associated with increased re-
sponsiveness to Angiotensin II and various cardiovascular 
and renal pathologies20. It is plausible that mechanical 
circulatory support with the continuous flow creates a 
unique microenvironment resulting in lower AT1R expres-
sion, potentially less susceptible to anti-AT1R antibody 
mediated actions. There is compelling evidence that the 
AT1R may also be activated by mechanical stress without 
the involvement of Angiotensin II (ref.21). The AT1R is 
the first recognized mechanosensitive GPCR (ref.22). It 
is plausible that in the situation when the heart is fully 
unloaded with mechanical assist device AT1R would be 
down regulated. There may also be other factors that influ-
ence the features of anti-AT1R antibodies, changing their 
agonistic affinity. The tissue damage caused by certain 
mechanisms prior to anti-AT1R binding may affect the 
level of AT1R expression, resulting in different degree 
of anti-AT1R binding efficiency. Several modifiers have 
been identified thus far: ischemia, inflammatory events, 
and microbiome23,24. 

Limitations 
Our study has several limitations inherent to the single 

centre observational study. Due to the small sample size 
and high correlation between variables, no multivariable 
models were fitted. Another implication of a small sample 
size with is a potential for Type II error. To counterbal-
ance relatively small number of adverse events we com-
bined several events into one composite outcome for the 
time to event analysis. 

AT1R gene (located on chromosome 3) has 14 de-
scribed polymorphisms. We did not perform a genetic 
analysis of our LVAD recipients and it is conceivable 
that the differences in expression and activation of AT1R 
based on genetic mutations could account for variability 
in AT1R – antibody mediated action. 

CONCLUSIONS

The primary finding of this study is that patients who 
received a long term LVAD developed a high degree on 
sensitization against AT1R after implantation. The data 
showed no impact of anti-AT1R antibodies in Heart 
Mate II recipients on the overall survival and incidence 
of LVAD related complications. With the growing popu-
lation of LVAD supported patients, increasing periods 
of support times and improved survival, attention is now 
shifting to the complications of mechanical support. We 
believe that determining the anti-AT1R antibody profile 
may prove valuable  in  risk assessment of mechanically 
assisted patients and serve as a novel biomarker for the 
detection of LVAD recipients at risk of an adverse out-
come. The impact of anti-AT1R antibodies on the post-
heart transplantation outcome will have to be evaluated 
in further studies. 
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