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False positive hepatitis C antibody test results in left ventricular
assist device recipients: increased risk with age and transfusions
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Abstract: Left ventricular assist devices (LVADs) have been successfully used in patients with heart
failure. However, LVADs may trigger immune activation, leading to higher frequencies of autoantibodies.
We describe the clinical, epidemiological, and laboratory characteristics of LVAD recipients with false
positive hepatitis C (FPHC) serology among 39 consecutive adult LVAD recipients who bridged to heart
transplantation from January 2007 to January 2013 at Montefiore Medical Center. FPHC patients were
identified as those with post-LVAD positive hepatitis C ELISA antibody tests and negative confirmatory
testing with hepatitis C RNA PCR and/or radioimmunoblot assay. Ten (26%) patients previously
seronegative for hepatitis C were found to have FPHC after device placement. Of the 39 patients, 32 had
HeartMate II devices. The mean age at LVAD placement was 55 years. FPHC correlated with older age
at the time of LVAD implantation and with receipt of packed red blood cell transfusions, but not with
gender, fresh frozen plasma transfusions, panel reactive antibodies, globulin fraction, rheumatoid factor,
or anticardiolipin antibodies. Clinicians should be aware of this increased risk of FPHC in older LVAD
patients and those more heavily transfused in order to avoid unnecessary apprehension and possible delay

in transplantation. Further studies should be done to evaluate the possible relationship between transfused

blood products and immunomodulation.
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Introduction

Left ventricular assist devices (LVADs) are increasingly
accepted as destination therapy or as a bridge to cardiac
transplantation (1-4). At the time of transplantation,
50-60% of patients have an LVAD and 3% have a right
ventricular assist device (RVAD) (5). Allosensitization has
become an increasing concern with the use of ventricular
assist devices. Although there is limited literature to explain
this phenomenon, development of anti-HLA antibodies
has been well documented amongst the pediatric and
adult cardiac transplant population (6,7). Other sensitizing
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events that may occur prior to transplantation include
pregnancy, transfusion of blood products or prior organ
transplantation.

Itescu ez al. reported that the direct contact between the
LVAD and blood cells, much like that seen in hemodialysis,
results in significant changes in systemic immunologic
and thrombostatic functions (8-10). Monocyte-T-cell-
interactions occurring on the LVAD surface may result in
aberrant T-cell activation and proliferation. Additionally,
B-cell hyperreactivity may occur, resulting in significantly

higher frequencies of autoantibodies, including circulating
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antiphospholipid and anti-HLA antibodies (8-10).

There have been recent reports of false positive hepatitis C
(FPHC) serology after LVAD placement. Srivastava ez al. (11),
Sindermann et /. (12), Durand et a/. (13), and most
recently Heinrichs et 4/. (14) reported FPHC developing in
30%, 16%, 40%, and 59% of patients undergoing LVAD
implantation, respectively. There is little published data
explaining the pathophysiology of these false-positive results
or describing the characteristics of the patient populations
with FPHC serology results. This study aimed to determine
the prevalence of FPHC results in patients who received
LVAD at our institution, and describe the clinical and
laboratory characteristics of these patients.

Methods
Study design

"This is a retrospective study that was conducted at Montefiore
Medical Center, a 1,490-bed tertiary care center that serves
as the University Hospital of the Albert Einstein College
of Medicine. Our study was approved by the Institutional
Review Board (IRB) of Montefiore Medical Center
(12-12-402). The objective was to describe clinical and
laboratory characteristics of those LVAD recipients who
developed FPHC antibody tests and those who did not.

Patients included in the study were adults 18 years of age
or older who had consecutively undergone LVAD placement
at our institution between January 2007 and January 2010,
and were bridged to heart transplantation by January
2013. Patients who had received earlier generation LVAD
devices (e.g., Heartmate XVE) and who did not undergo
complete hepatitis C testing were excluded. Paper charts and
electronic medical records of the patients were evaluated to
obtain patient, LVAD, and transplantation characteristics.
Characteristics included patient age, gender, type of LVAD,
days from LVAD to heart transplantation, and blood product
transfusions. Transfusion records were obtained using the
SafeTrace Tx Transfusion Management Software System
(Braintree, MA, USA) and electronic medical records.

Laboratory tests reviewed included albumin, globulin,
serum protein electrophoresis, rheumatoid factor,
antinuclear antibody, hepatitis C serology, and panel
reactive anti-HLA antibody (PRA).

Testing and definitions

Hepatitis C virus (HCV) antibody testing by enzyme-
linked immunosorbent assay (ELISA, using ADVIA
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Centaur XP, Siemens) was routinely performed before and
after LVAD placement. Patients with positive serology for
hepatitis C antibody underwent further confirmation with a
Hepatitis C Virus RIBA test (Chiron RIBA HCV 3.0 Strip
Immunoblot Assay, Novartis Vaccines and Diagnostics)
and/or Hepatitis C Virus RNA PCR test (bDNA System
440 Siemens from 2007 to 3/2010, Cobas AmpliPrep/
Cobas TagMan HCV from 3/2010 to 3/2014) ). Prior to
April 4, 2011, a nationwide shortage of reagent limited our
ability to perform RIBA testing, and PCR testing was the
only confirmation available thereafter. Those patients with
positive ELISA results who subsequently had negative HCV
RNA results were considered to have FPHC.

PRAs were routinely performed prior to LVAD
implantation and between the time of device implantation
and heart transplantation. Prior to 2009, sensitization to
HLA antigens was assessed using complement-dependent
cytotoxicity (CDC). Starting in 2009, patients’ sera were
tested using Single Antigen Beads (SAB; One Lambda,
Canoga Park, CA). Using SAB, PRA was calculated (cPRA)
based on the specificity of the observed anti-HLA antibodies
and the frequency of the target HLA antigens in the general
population (optn.transplant.hrsa.gov/resources/allocation-
calculators). Sensitization to HLA antigens was defined as
cPRA >10%. Since the sensitivity of the SAB and CDC
assays differs significantly, cPRA values determined prior to
and post-VAD implantation were compared only in patients
who were tested using the SAB assay at all times (n=20).

Statistical analysis

Data were analyzed with SPSS software (SPSS, IBM version
21, Chicago, IL) for all univariate tests. Results of continuous
variables were expressed as mean * standard deviation.
Comparisons of continuous variables were done using
student’s #-test or Mann-Whitney test. Categoric variables
were compared using Pearson chi-square test or Fisher’s
exact test. All variables demonstrating a P<0.10 in their
associations with FPHC were entered into a multivariate
logistic regression model with FPHC as the dichotomous
outcome variable. The regression analysis utilized the Firth
method in consideration of the small sample size (R version
3.3.2 for Windows). Statistical significance was defined as

rejection of the null hypothesis if P<0.05.

Results

We identified 48 adult LVAD recipients who bridged to
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Table 1 Clinical characteristics of adult LVAD recipients who
bridged to heart transplantation

Demographics Data (n=39)
Male (%) 31 (79.5)
Female (%) 8 (20.5)
FPHC (%) 10 (25.6)
Male (%) 10 (100.0)
Age at LVAD placement (years) 53.9+14.5
Etiology of cardiomyopathy (%)
Ischemic 23 (59.0)
Non-ischemic 14 (35.9)
Mixed or unknown 2(5.1)
Type of LVAD (%)
HMII 32 (82.1)
HW 4(10.3)
VentrAssist 3(7.7)

LVAD, left ventricular assist device; FPHC, false-positive
hepatitis C antibody; HMII, HeartMate II; HW, HeartWare.

heart transplantation at our center from January 2007 to
January 2013. We excluded five patients who did not have
complete hepatitis C serologic testing and four patients who
had received the earlier generation HeartMate XVE device.
There were 39 remaining patients for study evaluation. The
characteristics of these patients are listed in 7able 1. Mean
age at LVAD placement and heart transplantation was 55
and 56 years, respectively. Twenty-three (59%) had ischemic
cardiomyopathy and 32 (82%) had HeartMate II LVAD
implanted prior to transplantation. None of the patients
had received more than one LVAD.

All 39 study patients had HCV antibody negative
serologies prior to LVAD implantation. Ten (25.6%) of
these patients were identified with positive hepatitis C
antibody post-LVAD implantation. Of the 10 patients with
FPHC, 8 had received Heartmate II LVADs and 2 had
received VentrAssist devices. Among these 10 patients,
the mean time to false positive serology was 163 days
after LVAD implantation, with a range of 52 to 299 days.
On further testing, seven of the ten patients with positive
hepatitis C antibody had negative HCV PCR tests, two had
negative HCV RIBA and negative HCV PCR tests, and one
had negative HCV RIBA. RIBA patterns observed in three
patients were compared and only one patient demonstrated
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antibodies to 5-1-1p/c100p. No antibodies to C33p, c22p,
NS5, or hSOD were detected. After LVAD explantation at
the time of heart transplantation, 9 of the 10 patients with
FPHC were seronegative for hepatitis C and the tenth was
negative for hepatitis C by PCR.

Clinical characteristics were compared between the
10 patients with FPHC and the 29 who did not develop
hepatitis C antibody reactivity. Older age at LVAD
implantation (P=0.002) was significantly associated with
FPHC (Table 2). Although all of the PFHC events occurred
in males, the association with male gender failed to achieve
statistical significance (P=0.086). There was no correlation
of gender, LVAD type, time between VAD placement and
heart transplantation with FPHC.

We compared the number of blood transfusion units
received by patients with and without FPHC. We found a
significant univariate association between the development
of FPHC and the number of units of red blood cells
transfused between the time of LVAD implantation and
either the FPHC result or the last negative hepatitis C
test (P=0.0344). Fresh frozen plasma transfusion was not
significantly associated (P<0.01) with FPHC results.

The multivariate logistic regression model included age,
blood transfusion units, and gender as covariates. The only
variable found to have a significant association with FPHC
in this analysis was age which demonstrated an adjusted
odds ratio of 1.126 (95% CI: 1.013-1.302; P=0.022),
equating to a 12.6% increase in odds of FPHC for each
additional year of age.

As expected, LVAD implantation did result in a
significant increase in the level of sensitization to HLA
antigens. Anti-HLA antibody results obtained using the
SAB assay pre- and post-LVAD (mean interval 11 months)
were available in 20 patients. These results indicated that
the number of sensitized patients increased from 1 (5%)
pre-LVAD to 7 patients (35%) post-LVAD (P<0.0001). Out
of 6 patients who developed anti-HLA antibodies post-
LVAD, 3 patients displayed antibodies to both anti-HLA
class I and class II, 2 patients developed only anti-HLA class
I and one patient only class II antibodies. The reactivity
pattern of these antibodies was consistent with that of
“true” anti-HLA antibodies, showing specificity for discrete
HLA antigens and/or cross-reactive HLA groups. Notably,
none of the 7 patients with anti-HLA antibodies post-
LVAD showed FPHC antibodies, suggesting no association
between the development of anti-HLA antibodies and
FPHC serology. We also compared the post-LVAD cPRA
values in patients with and without FPHC. There was no
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Table 2 Characteristics of LVAD recipients with and without false positive hepatitis C serology

Minamoto et al. FPHC serology and LVADs

Clinical characteristics False positive True negative P
Gender 0.086
Male 10 21
Female 0 8
Mean age at LVAD implantation (years) 64.3+5.9 50.3+14.9 <0.001
Mean duration LVAD to heart transplantation (days) 239.2+242.8 283.8+172.2 0.5297
Mean interval from LVAD implantation to FPHC (days) 163.4x73.9 NA
Number of RBC transfusions 16.1+17.48 7.55+7.11 0.0344
Number of FFP transfusions 3.7+3.37 2.45+2.8 0.2498
cPRA class | (%) 22+37 23+31 0.9443
cPRA class Il (%) 40+50 25+34 0.3776

LVAD, left ventricular assist device; FPHC, false positive hepatitis C test; NA, not applicable; RBC, red blood cell; FFP, fresh frozen plasma;

cPRA, calculated panel reactive anti-HLA antibody.

significant difference between the cPRA values in the two
groups (Table 2).

Mean measurements of rheumatoid factor (P=0.001) and
globulin fraction (P<0.001) but not of antinuclear antibody
or prealbumin, were significantly increased after LVAD
implantation (data not shown). However, none of these
significantly differed for those who developed FPHC and
those who did not; additionally, anticardiolipin IgG or IgM,
anti-neutrophil cytoplasmic antibody, and c-reactive protein
did not differ (data not shown). Only one patient had an
identified autoimmune disorder; this patient had systemic
lupus erythematosus and did not develop FPHC.

Discussion

In this study, we found that 26% of LVAD recipients
receiving the newer generation continuous flow devices
(82% of which were HeartMate II LVADs) who were
bridged to transplantation developed FPHC serology.
These patients were older at the time of device placement
(mean age 64 vs. 50 years among those with true negative
hepatitis C testing). Additionally, a statistically significant
association of red blood cell transfusion and FPHC was
found on univariate analysis. However, a high transfusion
rate may be a surrogate marker rather than a risk factor
for FPHC. Although cPRA, globulin fraction, and
rheumatoid factor were significantly increased post-LVAD,
possibly reflecting a reaction to the LVAD, none of these
correlated with the development of FPHC. Interestingly,
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no association was found between receipt of fresh
frozen plasma and FPHC. Fresh frozen plasma contains
coagulation factors, fibrinolytic and complement proteins;
the passive transfer of antibodies or other plasma proteins
in fresh frozen plasma could have been expected to interfere
with hepatitis C antibody testing and cause FPHC results.
The only radioimmunoblot band associated with FPHC in
this and prior studies (11,13) was c5-1-1p/c100p.

Previously, Srivastava et al. reported on a cohort of
23 patients who underwent LVAD placement between
2006 and 2008, of whom 13 received the earlier generation
HeartMate XVE and 11 received the HeartMate II device;
7 developed FPHC (11). Five patients with HeartMate
II and 1 patient with HeartWare LVAD of a total of
37 patients had FPHC in the Sindemann report (12).
Durand et 4l. reported on a cohort of 53 patients between
2005 and 2012, of whom 92% had received HeartMate
II LVAD (13). In the Heinrichs review, 19 of 32 patients
who received HeartWare devices between 2011 and 2015
developed FPHC (14). Unlike the Durand study, we did not
observe the duration of LVAD to be predictive of FPHC;
the lack of consistent periodic measurements between the
time of LVAD implantation and explantation did not allow
us to examine any possible association of duration with
FPHC. Additionally, none of these studies reported on the
effects of age and blood transfusion on FPHC.

The underlying pathophysiology for the development
of hepatitis C antibody reactivity is unclear. Our study and
the reports by Durand (13) and Heinrichs (14) note the
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resolution of FPHC with device explantation. Sensitization
to HLA antigens caused by LVADs is well known (6). Inert
materials can trigger inflammation, fibrosis, and coagulation;
such responses likely contribute to the pathogenesis of
thrombosis and systemic inflammation. Of interest is the
recent report of increasing thrombosis associated with
HeartMate II since 2011 (15). Possibly, changes in design,
shear forces, and materials in LVADs may have some role
in the development of FPHC serology. Yet the presence of
the LVAD is not sufficient for the development of FPHC.
Of interest is the finding by Srivastava (11), Sindemann (12),
and Heinrichs (14) of the return to negative hepatitis C
serologic status upon serial testing in several patients while
the LVAD is in place. This suggests that the immunologic
reaction to the LVAD may not be constant but may be
intermittent and susceptible to other undefined factors.
Possibly, the FPHC rates here and previously published are
underestimates, as testing captures information at discrete
time points only. It would be of interest to follow serial
hepatitis C serologies after transplantation. Previous studies
have not determined an association of FPHC serology with
age, gender, or device type. While anti-HLA antibodies are
elevated in recipients of LVADs, there is no association of
these antibodies with FPHC serology. Our study is the first,
however, to suggest an association of FPHC with age and
increase red blood cell transfusions. These may reflect as
yet undetermined host and inflammation factors.

There are a number of potential limitations to this study.
The retrospective nature of the review may have allowed
unrecognized bias. The study is based on data from a single
large tertiary care teaching hospital; however, similar rates
of FPHC reactivity have been reported elsewhere. The
restriction of FPHC to males in our sample is interesting,
but may require a larger sample in order to assess the
importance, or lack thereof, of this observation. The
physical properties of the devices evaluated, including
materials and surfaces, differ from one another and may
differ in their ability to cause allosensitization. Patient
characteristics before and after LVAD implantation
and after heart transplantation may have differed in
unrecognized ways. Testing for hepatitis C was not
performed at the same time points after LVAD implantation
for all patients; possibly, more frequent testing would have
uncovered more FPHC or better illustrated the intermittent
nature of FPHC. Information regarding blood transfusions
received prior to LVAD placement and outside of our
institution were not available for inclusion in data collection
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and analysis. PRA testing used at our institution became
more sensitive in 2009 and testing comparisons were made
only for those patients who were tested prior to and post-
LVAD using Luminex Single Antigen assay. Patients who
had incomplete hepatitis C antibody testing were excluded
from the analysis, causing a possible underestimation of the
problem. RIBA testing was not universally available for our
patients.

Conclusions

Patients who have undergone LVAD implantation may
show evidence of the development of hepatitis C antibody
reactivity which is not associated with detectable hepatitis
C RNA or with radioimmunoblot reactivity and which
apparently resolves with heart transplantation and LVAD
explantation. Patients with FPHC tend to be older at
the time of LVAD implantation and to have been more
heavily transfused with red blood cells between the time of
surgery and hepatitis C testing than were those with true
negative hepatitis C testing. Clinicians should be aware
of this increased risk of FPHC in older LVAD recipients
and to promptly perform confirmatory testing in order to
avoid unnecessary alarm, potential acceptance from high-
risk donors, and possible delay in transplantation. Further
studies should be done to better delineate the relationship
between transfused blood components and immune
activation, the effects of sensitization on antibody-mediated
rejection and allograft vasculopathy, and to prospectively
evaluate immunologic profiles of all patients undergoing
LVAD implantation, especially with the later generation
models.
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