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ABSTRACT

KEY WORDS:

Background: Unfractionated heparin is the preferred anti-
coagulant used during open heart surgeries, including left
ventricular assist device (LVAD) implantation. In cases in
which patients are heparin-induced thrombocytopenia pos-
itive (HIT+), the accepted practice has been to substitute
heparin with bivalirudin. This practice may be associated
with significant bleeding and adverse outcomes.
Objectives: To review our experience with HIT+ patients who
were heparin-induced thrombocytopenia with thrombosis neg-
ative (HITT-) and who underwent HeartMate 3 LVAD implanta-
tion using heparin intraoperatively rather than bivalirudin.
Methods: From 2016 to 2022, 144 adult patients were implanted
with HeartMate 3 LVAD at our center. Among them, seven were
detected as HIT+ but HITT- and therefore were prescribed intra-
operatively with heparin and treated pre- and postoperatively
with bivalirudin. We reviewed the preoperative, intraoperative,
and postoperative characteristics as well as short-term mortal-
ity and the complication rates of these HIT+ patients.

Results: The median age of our cohort was 56 years (51-
60), 71% were male (n=5), all were INTERMACS Level 1,
and most were bridged to transplant (n=6, 86%). The 30-
day mortality rate post-implantation was 0%. The average
24-hour chest drain postoperative output was 1502.86 #*
931.34 ml. There were no intraoperative pump thromboses,
perioperative thromboses, cerebrovascular accidents, or
gastrointestinal bleeding within the first 24 hours postop-
erative. One patient required a revision due to bleeding.
Conclusions: Intraoperative unfractionated heparin may
be administered to patients who are HIT+ and HITT- while
undergoing LVAD implantation. However, further investiga-
tion is required.
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platelet factor 4 (PF4)

Heparin-induced thrombocytopenia (HIT) is a severe
complication that can occur when a patient is exposed
to heparin [1-6]. There are several types of HIT; however,
our research focused on HIT type 2 (HIT2). HIT2 differs
from HIT type 1 (HIT1) in several ways. HIT2 is caused
by an immune response of immunoglobulin G (IgG) anti-
bodies, whereas HIT1 is mediated by a direct interaction
between heparin and circulating platelets leading to plate-
let sequestration [7]. HIT1 tends to be clinically insignifi-
cant whereas HIT?2 is clinically significant.

Under normal conditions, platelet factor 4 (PF4) is
released from alpha granules when activated. Due to its
positively charged nature, it binds to negatively charged
heparin. This binding can produce the formation of PF4
IgG antibodies that are heparin-PF4 specific [8]. HIT2 oc-
curs when IgG antibodies bind to the platelet FC receptor
and activate the platelets, thus leading to further release
of PF4. This reaction activates the platelets to release
pro-thrombotic substances, such as thrombin, resulting in
a vicious cycle causing hypercoagulation. This hyperco-
agulable state is very dangerous when performing cardiac
surgery, especially when implanting an LVAD. Potential
complications include cardiopulmonary bypass (CPB) cir-
cuit thrombosis and LVAD thromboses [9,10].

We describe our experience with seven HIT+ (hepa-
rin-induced thrombocytopenia with thrombosis negative
(HITT-) patients who underwent seven LVAD implanta-
tions. Each of these patients was implanted with Heart-
Mate 3 (HeartMate 3TM Abbott, Chicago, IL, USA) and
was administered heparin intraoperatively.

PATIENTS AND METHODS

We conducted our research at the Sheba Medical Center,
Israel. This single-center experience included seven HIT+
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patients who underwent seven HeartMate 3 implantations
administering unfractionated heparin as an anticoagulant
intraoperatively and treated with bivalirudin preoperative-
ly and bivalirudin and warfarin postoperatively. These sev-
en patients were determined to be HIT+ using an ELISA
assay. We followed these patients and collected data from
October 2019 until April 2022. We collected and compared
the preoperative, intraoperative, and postoperative char-
acteristics as well as short-term mortality rates between
these groups. All the data were collected from the Sheba
Medical Center LVAD clinical database. This study was
approved by our institutional review board. Due to the ret-
rospective nature of the research, the review board waived
the requirement to obtain patient consent.

Table 1. Patient demographics and preoperative characteristics

PATIENT CHARACTERISTICS

We collected patient preoperative characteristics including
age, sex, body mass index, previous cardiac surgery histo-
ry, INTERMACS level, long-term treatment plan (bridge to
transplant vs. destination therapy), and ischemic cardiomy-
opathy. Associated co-morbidities included diabetes melli-
tus, hypertension, chronic obstructive pulmonary disease,
coronary heart disease, ischemic heart disease, chronic re-
nal insufficiency, cerebrovascular accident, extracorporeal
membrane oxygenation, smoking history, myocarditis, pe-
ripheral vascular disease, dyslipidemia, and hyperthyroid-
ism [Table 1]. Average preoperative, intraoperative, and
postoperative platelet counts included device type (Heart-
Mate 3), CPB, and the anticoagulant used [Figure 1, Table 2].
Postoperative complications included re-operation for
bleeding, gastrointestinal bleeding, and chest tube output at

Characteristic Value, n (%) 24 hours postoperative [Table 3].

Age in years 56 £ 15.1

Male 5 (71%) RESULTS

Female 2(29%) During our study, seven HIT+ patients underwent

Body mass index, kg/m? 26.87 + 3.04 LVAD implantation (n=7). The median age was 56

Implantable cardiac monitors 3 (43%)

Hypertensive heart disease 2 (29%) Table 3. Chest tube output at 24 hours postoperative

Diabetes mellitus 2 (29%) Characteristic Value, n (%)

Smoking history 5 (57%) Re-operation for bleeding 1 (14%)

Chronic obstructive pulmonary disease 0 (0%) Gastrointestinal bleeding 0 (0%)

Previous cardiac surgery 2 (29%) Pump thrombosis 0 (0%)

Extracorporeal membrane oxygenation 7 (100%) Chest tube blood output (24 hours)

Peripheral vascular disease 0 (9%) Mean 1502.86 + 931.34

Bridge to transplant 6 (86%) Median 920

INTERMACS level 7 (100%) Interquartile range 855-590

Table 2. Intraoperative characteristics

Figure 1. Average platelet counts over time

Characteristic Value

Device type HeartMate 3 =0

Cardiopulmonary bypass time § ﬁ 0 Latest
8 g 150 before
IS =

Mean 119.1 £62.2 52 discharge
j‘;"'f i6p Preoperative 241 48 hours (215.43)

. = ours  postoperative
Median 92 c f; (126.14)  postoperative ~ (141.14)
. zT 50 (121.14)
Interquartile range 81-165 Q
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Anticoagulant used Heparin Time
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years (interquartile range 51-60); five males (71%)
and two female (29%). The patient demographics
and operative characteristics are outlined in Table 1.
The mean number of days the seven patients tested pos-
itive in an ELISA assay was 1 day preoperative. There
were no observed intraoperative complications. In addi-
tion, the average platelet counts showed a minimal re-
duction at the 24-hour mark postoperative and showed an
increase in platelets by the time of release from the hos-
pital [Figure 1]. Postoperative gastrointestinal bleeding
and pump thromboses were not observed, and there was
an acceptable amount of blood drainage at the 24-hour
mark post-surgery. One patient required reoperation due
to bleeding [Table 3]. The short-term mortality rate was
0% as zero patients died in the 30-days postoperative.

DISCUSSION

The currently accepted practice to break the vicious cy-
cle of hypercoagulation that HIT2 causes is to discontinue
the use of heparin and to give bivalirudin as the attempted
alternative. When performing cardiac surgery, specifically
LVAD implantation, bivalirudin can lead to many com-
plications, including life-threatening bleeding and hyper-
coagulation. However, heparin includes protamine as an
antidote and can reverse the effects that heparin has on the
blood. Bivalirudin lacks an antidote and requires waiting
25 minutes (bivalirudin’s adult half-life). Alternatively,
one can conduct hemodialysis, hemofiltration, and/or plas-
mapheresis to extract large amounts of bivalirudin from
the blood and inactivate its effects [11]. However, when
pressed for time, as is the case in LVAD implantation, this
procedure can be a factor when deciding which anticoagu-
lant to use. When blood is stagnant, bivalirudin is cleaved
by thrombin causing hypercoagulation and thrombosis.
This bivalirudin characteristic requires the surgeon and the
perfusionist to constantly monitor proper blood flow. Con-
stant awareness is required both at the surgical site and at
the CPB machine thus leading to increased risk [12].

The main risk of HIT2+ patients receiving a dose of
heparin during HeartMate 3 implantation is CPB circuit
thrombosis and LVAD thromboses. In our study, we did not
experience complications of this nature. In addition, when
observing the chest tube output at the 24-hour mark post-
operative, there was no significant difference in drainage
compared with normal HeartMate 3 patient populations
[Table 3]. We did not observe any mid-term postoperative
complications such as gastrointestinal bleeds or stroke.

Our limited experience with seven HIT+ and HITT-
suggested following a step-by-step treatment protocol
of administering preoperative bivalirudin, intraoperative
heparin, and postoperative bivalirudin with warfarin,
which can be a safe alternative to the risk of severe bleed-
ing when giving bivalirudin intraoperative.

CONCLUSIONS

When performing an LVAD implantation in HIT+ and
HITT- patients, the complication and mortality rates of
these patients can be decreased by administering a single
dose of heparin intraoperatively.
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