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HemMHoroe u3BecTHo 00 ypoBHe reMo/1132a B cJIy4yae NPUMEHEHHUs ABYX HMILJIAHTHPYEMBbIX CHCTeM MeXaHHYeCKOH MOoIep:KKHI
KPOB0OOpaIlleHUs] LeHTPU(PYTraabHOr0 TUNIA /IS JeYeHUs] OMBEHTPHKY/ISAPHON TePMHMHAJIbLHOI CepledHOoil HeA0CTATOYHO-
cTH. B 1aHHOM HcC/Ie10BAaHUM IPOBEIeH AHAJIU3 YPOBHS I'eM0JIM3a CPelH NAllMeHTOB, KOTOPbIM NPMMeHeHa HILIaHTHPYyeMast
CHCTEMA MeXaHM4eCKOli NoJiep:KKH KPpoBooOpaeHus neHTpudyraibHoro tuna «HeartWare HVAD» 111 JieBo#xKeIy104K0-
BOI'0 U OMBEHTPHUKYJIAPHOro 00xon0B. IIpoBeeH peTpocneKTHBHBIN aHAJIN3 IAPaMeTPOB reMoJu3a U aHeMuH y 20 nanueH-
TOB, KOTOPBIM 0bLJIa UMILIAHTHPOBaHA cucTema «HeartWare HVAD» niist ouBeHTpuKyJIsipHoro (n=10) u J1eBoxKe Ty 104KOBO-
ro 00x010B (n=10) B Hameil KJIUHUKE B epuoj ¢ ceHTsa0ps 2009 no centsadops 2010 roga. [annble codOpaHbl B TeueHUE BTOPOIi
WJIM NSTOM Henesn, 3 6 MecsileB MeXaHU4YeCKOH NMOAIeP:KKN KpoBooOpameHus. /loonepauuoHHblii ypoBeHb reMorio0nHa,
JIAKTAT JIeTHAPOreHa3bl U 0011ero 6MIMpyouHa ObL1M cX0AHbI B 00enx rpynmnax. Tak:ke He ObLJ10 HalieHO pa3JU4Hs YPOBHeil
CBOOOHOI0 reMOIVIO0MHA IIA3MBI, JIAKTAT JeTrHAPOoreHasbl H o01ero 0naupyouHa B TedeHHe Bcero nepuoaa HadJIroeHus.
ToJIbKO ypoBeHb ranToOrIOOHHA IJIAa3Mbl KPOBH ObL1 3HAYMTEJILHO HUKEe Y NALNUEHTOB ¢ OMBEHTPUKYJSIPHBIM 00X0aaMH
BILIOTH 10 3 MecsileB MOcJIe UMILIAaHTAUUKM: BTOpas Henesst (63.5 (paur 8-237) mr/aa vs. 151 (paunr 11-263) mr/mia, p=0.05);
5-s1 Heneast (67 (panr 8-196) mr/na vs. 215 (paur 56-292) mr/ni, p=0.046); nociae 3 mecsiuen (42 (panr 8-205) mr/aa vs. 220
(paHr 157-256) mr/ni, p=0.048). PeTpocnieKTHBHBII aHAJIN3 NALHEHTOB C JIEBOXKEIYI04YKOBbIM U OMBEHTPUKYJISIPHBIM 00X0-
aoM ¢ nomouisio cuctembl «HeartWare HVAD» nokazan orcyTcTBHe KIIMHHYECKH 3HAYMMOI0 reMO/IN3a B cJIy4ae NpuMe-
HEHM IBYX HMILIAHTHPYEMbIX HeHTPU(YTraJIbHbIX HAcoCa 11 JiedeHHs OMBEeHTPUKYJISIPHOM cepledHOi HeI0CTATOYHOCTH.
Knrouesvie crnosa: busenmpurynsiphoiii 06x00, yeHmpugy2anbhblil HACOC, 2eMONU3, CUCIEMA MeXAHUYECKOU NOO0EPIICKU KPOBOO-
6pawenus

Little is known about the hemolysis rate in the case of concomitant implantation of two continuous flow pumps for the
treatment of biventricular heart failure. We present a retrospective study comparing the hemolysis parameters in patients
supported with one implantable centrifugal pump of the type HeartWare HVAD employed as a left ventricular assist device
(LVAD) and with two pumps as a biventricular assist device (BiVAD). A total of 20 consecutive patients who received
HeartWare BiVAD (n=10) and LVAD (n=10) support at our institution between September 2009 and September 2010 were
examined. Hemolysis- and anemia-related parameters were analyzed after 2 weeks, 5 weeks, 3 months and 6 months of
support. Preoperative levels of hemoglobin, LDH and total bilirubin were similar in both groups. There were no differences
in LDH, fHB or total bilirubin levels postoperatively for up to 6 months. Only the haptoglobin level was lower in BiVAD
recipients up to 3 months after surgery: second week (63.5 (range 8-237) mg/dl vs. 151 (range 11-263) mg/dl, p=0.05), 5th
week (67 (range 8-196) mg/dl vs. 215 ( range 56-292) mg/dl, p=0.046), after 3rd month (42 (range 8-205) mg/dl vs. 220 (range
157-256) mg/dl, p=0.048). Our retrospective analysis of BiVAD HeartWare and LVAD HeartWare recipients showed a lack
of a clinically important degree of hemolysis when two centrifugal HeartWare pumps are used for biventricular support.
Key words: biventricular support, centrifugal pump, VAD related hemolysis

Hemolysis is one of the complications observed properties, mechanical bearings, high shear stress, use

following implantation of mechanical circulatory support
devices. On the one hand, pump design (high rotor speed
operation in continuous flow pumps, artificial surface

of mechanical valves in pulsatile devices etc.) and on the
other hand postoperative complications (hypercoagulable
patient status, onset of HIT, malposition of apical cannula,
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kinking of outflow grafts, pump thrombosis) may cause
postoperative hemolysis [1-3].

In our experience, about 20 to 30% of patients with
end stage heart failure require biventricular support [4].
Extracorporeal devices for the treatment of biventricular
heart failure such as the Thoratec PVAD (Thoratec
Corporation, Pleasanton, CA) showed significantly
higher rates of blood cell damage due to several factors:
pneumatically operated pulsatile systems, pulsatile flow in
combination with long blood connecting cannulas result in
high peak flow velocities and high pressure gradient during
device valve closure (water-hammer effect). Moreover, they
contain four mechanical valves with well-known potential
for hemolysis [1, 5, 6].

With the use of two small implantable centrifugal
pumps for the support of both failing ventricles a new
therapy option for the treatment of biventricular heart
failure is now available in the clinical setting [7].

The impeller in the HeartWare HVAD (HeartWare
International Inc., Framingham, MA) implantable
centrifugal pump of the third generation of implantable
LVADs has eliminated mechanical wear and friction; these
devices suspend the impeller without mechanical contact
by magnetic or hydrodynamic bearings, leading to very
low hemolysis rates compared to those of other VADs.
Hence, Heilmann et al. presented a lower hemolysis rate
in centrifugal LVAD VentrAssist, which is similar to the
HeartWare HVAD, compared to axial flow HeartMate II
recipients [1].

However, little is known about the hemolysis rate in
the case of concomitant implantation of two continuous
flow pumps, running at different numbers of revolutions
per minute (rpm). Additionally, the biological impact of
the adaptation necessary to operate the HeartWare HVAD
in assisting pulmonary circulation (RVAD outflow graft
banding) and operating venous blood is uncertain [7].

We present a retrospective study comparing the
parameters of hemolysis between HeartWare HVAD left
ventricular assist device (LVAD) and biventricular assist
device (BiVAD) recipients.

Methods

Twenty consecutive patients who underwent LVAD or
BiVAD implantation using the HeartWare HVAD between
September 2009 and September 2010 at our center were
retrospectively evaluated. Ten of them were supported
with an LVAD (LVAD group) and the other ten with a
BiVAD (BiVAD group) employing two HeartWare HVAD
pumps after some modifications, as described previously
(7). We analyzed the hemolysis-related parameters
such as haptoglobin, free hemoglobin in plasma, LDH,
total bilirubin, anticoagulation level of patients (aPTT
and INR levels) and the anemia-related values total
hemoglobin, hematocrit and number of reticulocytes. To
diminish variation of data, the medians of all documented
parameters within the second week, the 5th week, at 3
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months (+ 2 weeks) and at 6 months (+ 2 weeks) after VAD
implantation were analyzed retrospectively.

Plasma level variation of LDH and free hemoglobin,
total bilirubin within two-fold range of parameters
registered at the second week together with lowering of the
haptoglobin plasma level without signs of severe anemia
(hemoglobin level higher than 8 g/dl) were considered to
be clinically irrelevant.

Clinically relevant hemolysis was defined as an
increase of more than two-fold of LDH and free hemoglobin
in plasma compared to the values in the second week after
surgery together with hyperbilirubinemia, severe anemia
(hemoglobin below 8 g/dl) and need for red-blood cell
(RBC) transfusion in absence of bleeding. Free plasma
hemoglobin over 40 mg/dl together with a three-fold and
more increase of LDH plasma level, macrohematuria,
hyperbilirubinemia, need for RBC transfusions associated
with increased device energy consumption together with
recurrence of heart failure symptoms were the definition
for pump thrombotic dysfunction with severe VAD-related
hemolysis.

Under German law the retrospective data analysis did
notrequire approval by the ethics committee (in accordance
with the Helsinki Declaration of Human Rights).

Device and surgical procedures

The HeartWare HVAD is a small implantable
centrifugal pump. The only moving part is a wide-bladed
impeller suspended by a combination of magnetic and
hydrodynamic bearings. A minimum speed of 1800 rpm is
necessary for safe operation of the hydrodynamic bearings.
Typical operating speed is 2500-3500 rpm according to the
manufacturer.

The HeartWare LVAD was implanted through a
routine median sternotomy. The inflow graft was inserted
into the left ventricular apex and the outflow graft was
anastomosed to the ascending aorta as described elsewhere.
(8]

BiVAD implantation technique has been described by
our group (7). Briefly, following median sternotomy during
cardiopulmonary bypass (CPB), one HeartWare pump was
implanted into the apex of the LV, and the outflow graft
connected to the ascending aorta. The optimal position for
the second HeartWare pump (as an RVAD) on the free wall
of the right ventricle (at point of maximal distance from the
ventricular septum) was determined by transesophageal
echocardiography (TEE). The inflow cannula was placed
in the RV cavity and secured as described for the LVAD
with two additional silicone rings (total 5 mm thickness)
placed under the fixation ring to shorten the part of the
inflow cannula protruding into the RV. The outflow graft,
narrowed before surgery from 10mm to 5-6mm diameter,
was sutured to the pulmonary artery. Both pumps were
placed in the pericardium and the chest was primarily
closed. The pumps’ speed was adjusted to achieve flow
of approximately 5 I/min (left pump) and 3-4 1/min (right

pump).
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Anticoagulation

After cessation of postoperative bleeding (drainage
loss less than 50 ml/h within 4 consecutive hours in
absence of tamponade or unclear drop in haemoglobin
level) anticoagulation for all patients was started with
heparin or argatroban (if serologically (positive ELISA
test) or clinically heparin-induced thrombocytopenia was
suspected) in the period of 8 to 24 hours postoperatively
with a target partial thromboplastin time (PTT) of 50-60
s in LVAD recipients and 60—80 s in BiVAD recipients. It
was changed to warfarin after removal of the chest drains
and sufficient oral ingestion. Target INR was 2.2-2.7 for
the LVAD recipients and 2.5-3.0 for the BiVAD recipients.

Platelet aggregation was inhibited by acetylsalicylic
acid (ASA) 50 mg day—1 plus dipyridamol 400 mg-1 and
adjusted according to the results of aggregometry with
stimulation by collagen, arachidonic acid, adenosine
5'-diphosphate (ADP) and epinephrine. Starting after POD
7 with 25 mg per os (only if platelet count and function
in aggregometry studies recovered, no clinical signs
for bleeding or tamponade) aspirin dosis was gradually
adjusted to maximal 100 mg together with dipiridamol
200-400 mg daily.

Laboratory analysis

Free hemoglobin in plasma was calculated by direct
photometry at 380, 415 and 450 nm (Harboe method) on
a spectral photometer (LS 500, Lange, Berlin, Germany).
Total hemoglobin was assessed photometrically (SE-
9000, Sysmex, Norderstedt, Germany) and hematocrit
by measuring impedance (XE-2100, Sysmex). LDH
activity was measured enzymatically according to the
IFCC method (Roche). Haptoglobin was measured using
antibody-based turbidimetric tests (antibodies: Roche,
Mannheim, Germany; Dade Behring, Marburg, Germany,
reader: Modular).

Statistics

The statistical analysis was performed with SPSS
10.0.0 for Windows (SPSS Inc., Chicago, IL, US). Data are
presented as median and ranges. Comparisons to assess
differences between the two groups (LVAD vs. BiVAD)
were performed using the Mann-Whitney U-test. A
p -value< 0.05 was considered significant.

RESULTS

A total of 20 VAD patients (median age 60, range 29-
70 years, three female — one of them in the BVAD group)
were included in the analysis. Reasons for terminal heart
failure were dilatative cardiomyopathy in 10 patients and
ischemic cardiomyopathy in the other ten. Two BiVAD
recipients had had prior cardiac surgery (s.p. mechanical
mitral vale replacement and CABG in 1998 in one and
s.p. CABG in 1996 in another), as did one of the LVAD
recipients (s.p. CABG in 1990). At 6 months of support
all patients from the LVAD group, compared to 7 BiVAD
recipients, were ongoing. Two patients from the BiVAD
group died after 23 and 121 days of support due to sepsis
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and multiorgan failure. One other BiVAD recipient suffered
lethal intracerebral bleeding after hospital discharge on the
46th day of support. A 29 yearold male biVAD recipient had
been successfully transplanted after 261 days of support
and is still alive over 6 months after heart transplantation.
Overall, at 1 year all ten LVAD patients were ongoing
compared to 6 patients of the BIVAD group.

Six patients suffered after surgery from heparin-
induced thrombocytopenia and were treated with
argatroban i.v. (3 BiVAD and 3 LVAD patients).

Preoperatively there were no differences in
hemoglobin, bilirubin, LDH levels in plasma, hematocrit,
aPTT, INR or reticulocytes.

Data obtained on postoperative days 7-14 showed no
differences in free plasma hemoglobin, LDH, total bilirubin
or reticulocyte level and the same anticoagulation profile
in both groups. Median rpm in the BVAD group were as
follows: LVAD median rpm 3200 (range 2700-3240 rpm);
RVAD median rpm 2450 (range 1800-3600 rpm). LVAD-
group median rpm was 2900 (range 2500-3000 rpm).
Haptoglobin level only was lower in the BiIVAD group.

Data gained in the 5th week of support presented
similar differences in haptoglobin level (lowered). There
were no differences in free plasma, hemoglobin, total
bilirubin, LDH or reticulocyte levels. Median rpm in
BVAD group were as follows: LVAD median rpm 3000
(range 2700-3240 rpm); RVAD median rpm 2500 (range
1800-3800 rpm). LVAD-group median rpm was 2800
(range 2500-3000 rpm).

After 3 months of support a similar difference in the
lowered haptoglobin level in BiVAD and LVAD patients
was observed. Free hemoglobin level, LDH and reticulocyte
level were similar. Median rpm in BVAD group were as
follows: LVAD median rpm 3000 (range 2800-3200 rpm);
RVAD median rpm 2450 (range 1800-3400 rpm). LVAD-
group median rpm was 2800 (range 2700-3000 rpm).

After 6 months of support, again the BiVAD group
had a lower level of haptoglobin but at this time it did not
reach statistical significance. The free hemoglobin level
of BiVAD recipients was slightly lower than in the LVAD
group but without statistical significance. LDH level was
similar in both groups. Median rpm in BVAD group were
as follows: LVAD median rpm 3000 (range 2800-3200
rpm); RVAD median rpm 2450 (range 1800-3400 rpm).
LVAD-group median rpm was 2750 (range 2700-3000
rpm). /table 1/.

During the whole postoperative course (within
second week, within 5th week, 3 months and 6 month after
VAD implantation) BiVAD recipients had lower median
hemoglobin and hematocrit levels, but these differences
reached statistical significance only at 6 months of support.
Three BiVAD recipients experienced a bleeding episode
requiring red blood cell transfusion after hospital discharge
(gastrointestinal bleeding on 112 day of support in female
patient, severe epistaxis in two male patients on 161 and 30
day of support, respectively).
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None of the patients required pump exchange nor
suffered clinically relevant or severe device-related
hemolysis during the observation time period.

DISCUSSION

Our data indicate absence of clinically relevant
hemolysis in patients with biventricular support with the
HeartWare HVAD for up to 6 months of support.

Lower INR requirements for this BiVAD
configuration (2.5-3.0 in our cohort) together with increased
mobility and quality of life (absence of bulky, noisy driver
units of available extracorporeal biventricular systems or
TAH) are giving clinicians a new option for the treatment
of biventricular end-stage heart failure.

However, the data showed lower haptoglobin level in
BiVAD recipients in the first month of support, which is
a sign for laboratory detectable intravascular hemolysis in
the absence of increased free plasma hemoglobin and LDH
levels. (fig. 1-2)

Moreover, low or completely depleted haptoglobin
is often seen in patients supported by ventricular
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Fig. 1. Postoperative course of free plasma haemoglobin.
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Fig. 2. Postoperative course of plasma haptoglobin.
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assist devices. Heilmann et al. showed that the degree
significantly depends on the type of VAD: extracorporeal
pulsatile devices presented the lowest haptoglobin level
and centrifugal LVADs the highest [1]

Several factors, such as individual patient
characteristics, RVAD pump adaptation and blood
viscosity, may contribute to the observed difference in
haptoglobin level in our patient groups both supported by
centrifugal pumps. Mechanical heart valve prostheses could
add a certain degree of intravascular hemolysis, which is
suspected in one of our BiVAD recipients who received the
BiVAD as a reoperation and had in his past medical history
mechanical mitral valve replacement. Surgical modification
of an LVAD for use in the pulmonary circulation with size
reduction of the RVAD outflow prosthesis and potential
turbulence of blood flow after the stenosis could also
impact on the degree of hemolysis in BiVAD recipients
despite higher anticoagulation targets. Hence, there is no
reliable data regarding clinical differences in coagulation
status between venous and arterial blood, which may have
an additional influence on HeartWare RVAD function
and red blood cell damage. Postoperative onset of heparin
induced thrombocytopenia and the related change in
anticoagulation regime (use of direct thrombin inhibitors
i.v.) could again impact on blood viscosity and lead to an
increase in device-related hemolysis with depletion of
haptoglobin. However, all these factors did not contribute
to a difference in free plasma hemoglobin or LDH in our
patients. Two centrifugal pumps running at more or less the
same rpm in different circulation conditions (pulmonary
and systemic) did not cause increased red blood cell trauma.

Three of our BiVAD recipients experienced clinically
relevant bleeding episodes after hospital discharge
compared to none of the LVAD recipients. This potentially
contributed to the lower hemoglobin and hematocrit level
in BiVAD recipients seen at 6 months.

There is no consensus on quantification of the degree
of hemolysis in VAD recipients, especially reflecting
the exact levels of free plasma hemoglobin, LDH and
haptoglobin or other additional parameters (hemopexin or
reticulocyte level), and these values together with clinical
symptoms should be taken as the cut-off for definition of the
clinical degree of VAD related-hemolysis and the required
staged therapy approach. Genovese et al. [9] presented
plasma free hemoglobin > 40 mg/dl in association with
clinical signs of hemolysis occurring within the first 72
hours post implantation as a definition of VAD related
hemolysis; however, free plasma hemoglobin alone did
not clarify the degree of hemolysis and related therapy
options. [1, 9] Similarly, according to the INTERMACS
definition, VAD-associated hemolysis is characterized by
a plasma-free hemoglobin value greater than 40 mg/dl, in
association with clinical signs of hemolysis (e.g., anemia,
low hematocrit, hyperbilirubinemia) occurring after the
first 72 hours post-implant [10]. However, this definition
is difficult to apply in daily practice, especially for delayed
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LVAD-related hemolysis. Hence, this hemolysis value may
already be an indication for surgical device exchange.

Hence, the criteria and severity of intravascular
hemolysis given in several prosthetic valve studies
[11, 12] are not sufficient for VAD patients. Anemia,
hemoglobinuria and need for frequent blood transfusion in
the absence of bleeding are sometimes extreme definitions
of severe VAD-related hemolysis. Definitions for slight and
mild forms of device-related hemolysis and their clinical
importance in the chronic setting, especially in the case of
permanent support, need to be intensively investigated in
further studies.

Based on our study we may conclude that levels of
free plasma hemoglobin together with LDH obtained in
the second week after surgery on optimal anticoagulation
could be reference or baseline parameters for later
outpatient follow-up and monitoring of pump function. An
increase of more than twofold in these markers associated
with increased/decreased device energy consumption
together with recurrence of heart failure symptoms may be
a definition for suspicion of pump thrombotic dysfunction
requiring close observation of the patient in a specialized
MCS unit.

Our retrospective analysis of BiIVAD HeartWare and
LVAD HeartWare recipients showed a lack of a clinically
important degree of hemolysis when two centrifugal
HeartWare pumps are used for biventricular support.
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There are several limitations of our study.
We analyzed a small number of patients with very
variable clinical situations, which may potentially
impact on outcomes. Studies with more patients may
clarify our findings. Additionally, analysis of patients’
hemopexin levels, which appear more dependable for
the quantification of intravascular hemolysis [13] and
detection of hemoglobinuria, were not performed due to
the retrospective study design.

CONCLUSION

Concomitant use of two implantable centrifugal
pumps is not related to clinically relevant hemolysis in
the early postoperative period and for up to 6 months of
support.
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