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Abstract Heparin-induced thrombocytopenia (HIT) is a

rare but life-threatening side effect of heparin therapy. It is

a demanding therapeutic challenge in patients undergoing

left ventricular assist device (LVAD) implantation. We

present our experience with LVAD implantation under

extracorporeal life support (ECLS) in patients suffering

from HIT. Seven patients (mean age 54.0 ± 16.7 years, 1

female, 6 male patients) suffering from acute heart failure

were stabilized with ECLS. Under heparin therapy, they all

showed a sudden decrease of mean platelet count (max-

imum 212.6 ± 41.5 tsd/ll; minimum 30.7 ± 13.1 tsd/ll).
Due to the clinical suspicion of HIT anticoagulation was

switched from heparin to argatroban (aPTT 70–80 s.). No

improvement of cardiac function could be detected under

ECLS, so LVAD implantation was indicated. We per-

formed LVAD implantation under ECLS. During LVAD

implantation under argatroban (aPTT of 50–60 s.) one

patient developed massive intraventricular thrombus for-

mations, so the device had to be removed. In 6 cases, we

could successfully perform LVAD implantation under ar-

gatroban with a higher aPTT of 70–80 s and modified

operative strategy. Four patients needed postoperative re-

exploration because of bleeding complications. Periop-

erative management of LVAD patients under argatroban

anticoagulation is very difficult. We were able to minimize

the perioperative risk for thrombosis with a target aPTT of

70–80 s. To keep the phase of stasis within the device as

short as possible we anastomosed the VAD outflow graft to

the ascending aorta first before connecting the device to the

apex. However, postoperative bleeding complications are

frequent.
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Extracorporeal circulation � Hematology

Introduction

By left ventricular assist device (LVAD) implantation in

patients with severe cardiac insufficiency resistant to

medical therapy, patients can either be bridged to trans-

plantation or be supported with an assist device as a des-

tination therapy (1, 2). In case of acute circulatory

impairment with severe hemodynamic instability, multi-

organ failure can appear which unfavorably affects survival

after LVAD implantation. Extracorporeal life support

(ECLS) is a well-established technique for quick and easy

installable circulatory support that offers the opportunity of

recoverment from such organ injury (3–7) prior to LVAD

therapy. Once organ functions have been stabilized, long-

term circulatory function can be sustained with an early

bridge to uni- or biventricular assist device.

This study was presented at the 43rd Annual Meeting of the German

Society for Thoracic and Cardiovascular Surgery on February 11th

2014 in Freiburg Germany.
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This paper refers to the immune form of Heparin-in-

duced thrombocytopenia which will simply be abbreviated

as HIT in the following text. HIT is a rare but life-threat-

ening side effect of heparin therapy that occurs in up to

3 % of all heparin-treated patients (8) whereas the risk of

developing a HIT rises up to 5 % in patients after vascular

and cardiac surgery (9). Schenk et al. even described an

incidence of up to 11 % in patients receiving mechanical

circulatory support (10). Patients on mechanical circulatory

support usually require strong anticoagulation. In this

population, the diagnosis of HIT introduces a demanding

therapeutic challenge. A further source of complications in

this group of patients involves the use of cardiopulmonary

bypass (CPB) due to the need for anticoagulation with

heparin or bivalirudin to be on-pump.

This study details one center’s experience with left

ventricular assist device implantation (HeartMate II, Tho-

rarec, Pleasanton, CA, USA; HVAD, HeartWare Interna-

tional, Inc., MA, USA) in patients with acute heart failure

under ECLS suffering from heparin-induced thrombocy-

topenia type II.

Materials and methods

Between March 2012 and August 2013 a total of thirty-five

patients (mean age 50.0 ± 16.0 years, 9 female, 26 male

patients) received VAD in our department because of

dilative cardiomyopathy, chronic ischemic cardiomyopathy

or after myocardial infarction. This study details on seven

of these patients, who needed emergent ECLS prior to

VAD implantation because of acute cardiac failure (mean

age 54.0 ± 16.7 years, 1 female, 6 male patients). Detailed

patient characteristics are given in Tables 1, 2.

Two patients suffered from dilative and three from is-

chemic cardiomyopathy, two from acute myocardial in-

farction and early postoperative heart failure after CABG.

Three patients received a reoperation after cardiac surgery.

Cardiopulmonary bypass was performed using a roller

pump (Maquet, Rastatt, Germany) using a hollow fiber-

membrane oxygenator with a hard-shell venous reservoir

(Quadrox I Adult/VHK 71000, Maquet, Rastatt, Germany)

at a non-pulsatile flow rate of 2.6 l/min-2/m2. The non-

coated CPB tubing (Maquet, Rastatt, Germany) was used in

all patients. Blood flow was monitored by a Doppler flow

probe on the arterial side of the circuit. ECLS was insti-

tuted through the right axillary artery and the femoral vein.

To avoid limb ischemia, we used an 8-mm Dacron pros-

thesis (end-to-side anastomosis to the right axillary artery),

which was tied on a 20F flexible arterial cannula (EOPA,

Medtronic) to ensure central arterial blood flow as well as

the distal perfusion of the arm. To achieve an activated

partial thromboplastin time (aPTT) between 50 and 60 s,

patients were initially heparinized. The aPTT was checked

at least 2 times a day.

Maintenance of adequate systemic blood flow was

monitored by mean arterial pressure, blood lactate con-

centration, central or mixed venous oxygen saturation and

diuresis. Mean arterial pressure was maintained between 50

and 70 mmHg with vasopressor or vasodilator adminis-

tration. Preserving residual left ventricular ejection was

also expected to reduce the risk of intracardiac clot for-

mation. Whenever pulsation disappeared, volume expan-

sion or inotropic support was immediately started until

pulsatile systemic blood flow reappeared. An important

marker of stabilization and recovery was the improvement

Table 1 Patients’ characteristics and postoperative procedures

Data

Age (years) 51.2 ± 18.1

Number of patients 7

Sex

Female 1

Male 6

Etiology

Ischemic cardiomyopathy 3

Dilative cardiomyopathy 2

Acute myocardial infarction with early

postoperative heart failure after CABG

2

Reoperations 3

CABG 2

Valve repair 1

Ejection fraction (%) 12.1 ± 2.7

Table 2 LVAD implantation, course and outcome

MW STAW

Mean ECLS to LVAD interval (days) 10.4 ±4.2

Implanted LVAD systems (total) 7

HeartMate II 5

HeartWare 2

During LVAD implantation

Switch ECLS[RVAD 5

ECLS explantation 1

Further ECLS and HU for transplantation 1

LVAD implantation as ultima ratio due

to preoperative cardiogenic shock

2

Surviving patients 4

Death due to uncontrollable coagulation

disorder

1

Deaths due to not device-related sepsis 2

Mean RVAD interval after LVAD

implantation (days)

2.8 ±4.1
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of the liver and kidney function, which considerably co-

determined the time of LVAD implantation.

Due to relevant decrease of platelet count during ECLS

in all patients, heparin medication was switched to arga-

troban with an initial dosage of 2 mg per hour. We after-

wards regulated the dosage according to the aPTT—aimed

values under ECLS were 70–80 s in all described cases.

HIT was confirmed by a heparin-induced platelet aggre-

gation (HIPA; antibodies against complexes of heparin and

platelet factor 4).

We tried to wean all patients from ECLS, but as cardiac

function did not recover, LVAD implantation was indi-

cated. We performed LVAD implantation under ECLS.

In 5 patients the HeartMate II device was implanted

(HeartMate II, Thoratec. Corp., Pleasanton, CA, USA);

another two patients received the HeartWare device. In 5

cases, ECLS was switched to right ventricular assist device

(RVAD), in 1 case ECLS could be explanted after LVAD

implantation and the patient with widespread thrombus

formation needed further ECLS after LVAD explanation as

bridge-to-transplant.

Operative procedure of LVAD implantation

Perioperative anticoagulation strategy and operative

procedure in the first patient

Argatroban was used for anticoagulation under ECLS with

an aPTT of 50–60 s. A median sternotomy was performed

and the pocket for the device (HeartMate II) was prepared.

As intracavitary thrombi had been detected by preoperative

echocardiography, we chose not to perform LVAD im-

plantation beating heart but in cardioplegic arrest to be able

to remove the thrombotic material. Therefore a cardiople-

gia needle was inserted into the ascending aorta and the

cardioplegia was started after clamping of the aorta. Using

the core device we opened the apex on the arrested heart

trying to minimize the blood loss. For this reason we used

the Cell Saver. The left ventricle was inspected and the

described thrombotic material was carefully removed.

Then the pump ring was attached to the left ventricle.

Afterwards the device was inserted parallel to the septum.

The pump was filled with blood and after de-airing the

aortic clamp was removed. The outflow cannula was

anastomosed to the ascending aorta. The device was

carefully de-aired, the ECMO support was slowly reduced

and the HeartMate II VAD was started. But we could not

generate any flow with the device. Transesophageal

echocardiography showed newly developed massive

thrombus formations within the left and right ventricle as

well as inside the LVAD and its outflow graft. We then had

to open the ventricle once again to remove this thrombus

formation, which strongly interspersed the trabecular

meshwork. After thoroughly laborious removal of the in-

tracardiac thrombotic material, the LVAD had to be re-

moved. ECLS explantation was impossible because of

hemodynamic instability.

The change of anticoagulation strategy and surgical

approach

The case of the patient described above let to the decision to

reassess and modify our therapeutic regime. To avoid similar

thromboembolic complications we also changed antico-

agulation management. The target aPTT was increased to

70–80 s. The thrombosis may also or additionally have been

abetted by the time between priming the device with blood

and starting the pump after the outflow graft anastomosis was

finished (about 20 min). During this time we had a prolonged

stasis of blood in the left ventricle but also a small volume of

blood stagnant within the HeartMate II device.

We decided to clamp the aorta tangentially and to

anastomose the outflow prosthesis of the VAD to the as-

cending aorta first before opening the apex, to keep the

phase of stasis within the device as short as possible. In

addition, implantation technique with cardioplegic arrest

was further performed in all patients as we decided to in-

spect the left ventricle and remove thrombotic material if

needed in all following LVAD patients with HIT to reduce

thromboembolic and neurologic risk.

For the control of postoperative anticoagulation, which

was initially continued with argatroban, an aPTT control

was performed in all patients at least 3 times a day if

possible until the 3rd postoperative day and later on swit-

ched to aPTT control twice or once a day. Afterwards we

switched to coumadin in combination with 100 mg

acetylsalicyl for long-term anticoagulation.

Statistical methods

Data are presented as mean ± standard deviation.

Results

Status pre LVAD implantation

As already depicted above, all patients suffered from acute

cardiomyopathy with dilated ventricles and excessively

reduced ventricular ejection function (mean LVEF 12 %)

and received emergent ECLS with initial heparin therapy

for anticoagulation. Under ECL support organ function

improved. Duration of ECLS therapy ranged from 5 to

16 days, mean ECLS to LVAD interval was 10.4 ± 4.2

days. All patients recovered from organ injury. Laboratory
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data demonstrated a decline of: GOT 2116.3 ± 963.3–

37.7 ± 10.0 U/l, GPT 2462.7 ± 947.8–46.7 ± 28.9 U/l,

creatinine 2.5 ± 1.0–1.5 ± 1.0 mg/dl (see Table 3).

Except one patient, all other patients demonstrated with

normal number of platelets at time of hospital admission.

Under ECLS all patients showed a sudden decrease of

platelets. Mean platelet count decreased from maximum

values of 212.6 ± 41.5 tsd/ll before ECLS down to a

minimum of 30.7 ± 13.1 tsd/ll. Maximum platelet values,

decrease of platelet count during the first 5 days of ECLS

and minimal platelet values under ECLS are depicted in

Fig. 1. Due to the clinical suspicion of HIT, anticoagula-

tion was changed from heparin to argatroban

(4.14 ± 2.27 days after ECLS implantation) with a target

PTT of 70–80 s. All patients were tested for HIT by a

heparin-induced platelet aggregation test (HIPA). In 6

cases the HIT test was positive; in one patient it was

negative. This one patient with a negative HIPA test was

also treated with argatroban due to clinical suspicion for

HIT but anticoagulation was not switched to heparin again

despite negative HIPA test.

Status post LVAD implantation

We were able to successfully implant the HeartMate II

device in 4 and the HeartWare device in 2 cases. Con-

cerning the function of the right heart, it was possible to

explant the ECLS at the same time as LVAD implantation

in 1 patient. ECLS was switched to right heart support via

pulmonary artery and femoral vein in 5 other cases and the

patient with the intracardial thrombosis was in need for

further ECLS as bridge-to-transplant. Mean duration of

RVAD support interval was 2.8 ± 4.1 days. Postoperative

anticoagulation was initially continued with argatroban.

Regarding the aPTT values and the titration of the arga-

troban dosage, we could observe that it took about three

days (the day of the operation until the 2nd postoperative

day) to achieve stable circumstances. To demonstrate this,

we depicted the above-named values and added the values

of the 3rd postoperative day in Fig. 2.

Four patients left hospital with good quality of life de-

fined as improved physical capacity (reduction of NYHA

class from IV down to 0–II), possibility of self-supply and

freedom of neurologic deficites.

Neurologic complications

Postoperatively neurological function could be evaluated in

6 cases. One patient could not be evaluated as he suffered

from multi-organ failure with hemodynamic instability and

was therefore sedated continuously. None of the other 6

patients showed focal neurological deficits.

Hemostatic complications

Four patients needed re-exploration due to postoperative

bleeding complications. One developed progressive in-

tracardial thrombosis under ECLS.

Survival rate

The one patient who developed massive thrombi during

LVAD implantation with consecutive LVAD explantation

needed continuation of ECLS as bridge-to-transplant.

Anesthesia was stopped and the patient woke up without

Table 3 Laboratory findings

under ECLS
Total patients creatinine with impaired renal and liver function prior to ECLS

implantation

3

Renal function Prior ECLS Decline under ECLS

Creatinine (mg dl-1) 2.5 ± 1.0 1.5 ± 1.0

Liver function Prior ECLS Decline under ECLS

GOT (U l-1) 2216.3 ± 963.3 37.7 ± 10.0

GPT (U l-1) 2462.7 ± 947.8 46.7 ± 28.9

GOT glutamic-oxaloacetic transaminase, GPT glutamic-pyruvic transaminase

Fig. 1 Platelet count under ECLS therapy (tsd/ll) with mean values

and standard variations. X-axis the maximum and minimum platelet

counts before and after ECLS implantation are presented in contrasted

color as these values were defined by absolute values that appeared to

different time points in each patient. In contrast to this, the given

values of the ELCS implantation day and the 1st to 5th postoperative

day were defined by dates
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Anticoagulation after LVAD implantation: aPTT control and corresponding argatroban 
dosages

aPTT [sec] argatroban dosage [μg/kg/min]

Patient 1: In this special case, we used a different scaling.  Measurements number 1 to 9 refer to the 
day of the operation, measurements number 10 to 17 to the 1st postoperative day and 
measurements 18 to 21 to the 2nd postoperative day.

> Range of aPTT: 160-62sec
> Range of argatroban dosage: 0-2μg/kg/min

Patient 2: 
> Range of aPTT: 83-49sec
> Range of argatroban dosage: 0.1-0.7μg/kg/min

-40

10

60

110

160

1 3 5 7 9 11 13 15 17 19 21 0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

2

1 3 5 7 9 11 13 15 17 19 21

0

50

100

150

1 2 3 4 5 6 7 8 9 10 11 12
0

0,2

0,4

0,6

0,8

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 2 Postoperative argatroban titration: Course of the aPTT (left) and

the actual dose of argatroban (right) and its range in eachpatient. The aPTT

is given in seconds and the corresponding argatroban dosages in lg/kg/
min. We used the same scaling for all diagrams but for the description of

case number 1, as this patient represents an exceptional case: patient

number 1 suffered from fatal coagulation disorder and died on the 2nd

postoperative day. In this case, numerous additional aPTT controls were

performed and a much higher dosage of argatroban (up to 2.0 lg/kg/min)

than in all other patients was administered. Measurements number 1–9

refer to the day of the operation, measurements number 10–17 to the 1st

postoperative day and measurements 18–21 to the 2nd postoperative day,

whichwas the day he died. Patient number 4 died on the 2nd postoperative

day, so only nine aPTT controls were performed. Overall the required

dosage of argatroban ranged up to 0.7 lg/kg/min, disregarding patient

number 1. The particular increase of the dosage of argatroban ranged from

0.1 to 0.4 lg/kg/min
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Patient 3:
> Range of aPTT: 75-42sec
> Range of argatroban dosage: 0-0.5μg/kg/min

Patient 4: In this case, we did not use argatroban postoperatively. The patient died on the 2nd 

postoperative day due to not device related multi organe failure.

> Range of aPTT: 160-50ec
> Range of argatroban dosage: 0μg/kg/min

Patient 5:
> Range of aPTT: 130-63sec
> Range of argatroban dosage: 0-0.2μg/kg/min
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Fig. 2 continued
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any focal neurological deficit. He was immediately listed

for heart transplantation (high urgency status), but due to

multi-organ failure caused by an uncontrollable coagula-

tion disorder with massive widespread arterial and venous

thrombus formation, he died two days later. Two more

patients died 2 and 17 days after LVAD implantation

caused by not-device-related sepsis. It has to be empha-

sized that these two patients were operated on as ultima

ratio due to cardiogenic shock (INTERMACS level 1).

Therefore, the overall survival was 57.1 %.

Discussion

The use of left ventricular assist devices (LVADs) in acute

and end-stage chronic heart failure has increased within the

last years and it offers therapeutic options from bridge-to-

recovery as well as bridge-to-transplant (11, 12). Mean-

while VADs are also used as destination therapy in patients

with severe heart failure refractory to medical therapy and

consecutive cardiogenic shock. Pre-existing organ dys-

function is thought to unfavorably affect patient survival

after VAD implantation (13). ECLS is a well-established

technology that provides circulatory support with the pos-

sibility to recover from organ injury (3–7). Once hemo-

dynamics is stabilized and organ function has recovered,

long-term circulatory function can be maintained with an

early bridge to univentricular or biventricular assist device.

Heparin is the most commonly anticoagulant drug. One

major risk of heparin therapy is the heparin-induced

thrombocytopenia (HIT) that can emerge in two forms: the

minor manifestation is caused non-immunologically within

the first 2 days of exposure; a non-permanent and re-

versible process (HIT type I). The malign form of HIT

(HIT type II) is an immunological event that usually ap-

pears within 5–12 days after the patient was initially

treated with heparin. If there was an earlier exposure within

the last 3–6 months, symptoms might also occur earlier.

Patient 6:
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> Range of aPTT: 97-37sec
> Range of argatroban dosage: 0-0.4μg/kg/min

Patient 7:
> Range of aPTT: 86-48sec
> Range of argatroban dosage: 0-0.2μg/kg/min
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Fig. 2 continued
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HIT is a prothrombotic dysfunction, which is associated

with a high risk for severe thromboembolic events (1).

Anticoagulation in cardiac patients with HIT is still a

clinical challenge. During the last years, several reports on

alternative anticoagulation with tedelparin, enoxaparin,

ancrod, prostacyclin analogs like iloprost or danaparoid-

sodium (DS) for CPB in patients with HIT have been

published (14). However, the knowledge about antico-

agulation in adult and pediatric LVAD patients with HIT is

poor and optimal anticoagulation strategy is still unclear (1,

14–16). Comparable to other groups (10), we detected a

HIT rate of about 17 % in patients with ECLS and VAD.

In 2000 Christiansen et al. described anticoagulation in

three cases of LVAD implantation as bridge-to-transplant

in patients suffering from heparin-induced thrombocy-

topenia type II (14). Comparable to one of our patients, the

authors describe the development of thrombus in the left

ventricle despite heparin therapy. Because of positive

HIPA test with detection of antibodies the patient received

DS as anticoagulant for operative procedure. Postop-

eratively the patient received further therapy with DS,

monitored by antifactor Xa activity. But despite effective

anticoagulation, he developed a venous thrombosis of the

jejunum and died because of multi-organ failure after je-

junal resection. The authors recommend the use of DS or

r-hirudin only in patients with positive HIPA test at the

time of LVAD implantation. In cases of negative HIPA

test, heparin should be used before postoperative change of

anticoagulation to DS or r-hirudin.

Busch et al. published a change of a percutaneous VAD

into an intracorporeal system—without the use of ECC and

without anticoagulation—in a patient with severe co-

agulopathy. In this case, despite a negative HIT test (en-

zyme-linked immunoassay) a drop of platelets was

described. But it is also mentioned that sepsis might have

been the reason for reducing platelets. Angiomax was the

used drug in postoperative therapy and argatroban or

lepirudin the described alternatives (17).

Argatroban is a direct thrombin inhibitor (DTI) that

selectively and reversibly inhibits thrombin; both clot

bound and free, at the catalytic site. Argatroban manifests

an antiplatelet effect by diminishing thrombin-induced

platelet activation. It is primarily metabolized in the liver

with minimal renal elimination (18, 19). In multicentre

studies argatroban improved outcomes in patients with

HIT, particularly reducing new thrombosis, without in-

creasing bleeding (20). Koster et al. have shown that the

presence of HIT antibodies is strongly associated with an

increased risk of thromboembolism in patients with a

VAD, and that only 30 % of VAD patients with HIT

achieved procedural success in the era of lepirudin therapy

(21). In a study reported by Pappalardo et al. when HIT

was diagnosed, heparin was discontinued and argatroban

was initiated as a continuous infusion, target aPTT

45–80 s, depending on the type of assist device (22).

Limitations of this study

It has to be admitted, that one limitation of our study is the

fact, that there is no comparison group in which patients

received alternative strategy, anticoagulants and intensity

of anticoagulation. Another limiting factor is the difficulty

to prove the efficiency of argatroban treatment in the set-

ting of HIT, as it is complex to obtain firm diagnosis. Delay

of treatment due to further diagnostic investigation may

restrain the chance of recovery from HIT. Clinical suspi-

cion is of utmost importance in this type of clinical situa-

tion but it is dependent on clinical experience.

Conclusion

Perioperative management of LVAD patients under arga-

troban anticoagulation is a demanding therapeutic chal-

lenge and bleeding complications are frequent.

For LVAD implantation in patients with HIT a periop-

erative aPTT of 50–60 s does not seem to be sufficient to

prevent thrombotic complications.

To reduce the perioperative risk for thrombosis within

the ventricle and assist device itself it seems to be advis-

able to increase the target aPTT. The de-airing and priming

of the LVAD should be done immediately prior starting the

pump to avoid blood stasis within the device. Moreover—

to keep the phase of stasis within the device as short as

possible—we suggest to anastomose the outflow prosthesis

of the VAD to the ascending aorta first before connecting

the device to the left ventricle.
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