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Systemic thrombolysis in the
management of pump
thrombosis in patients with left
ventricular assist devices

Kirsten A. Kortekaas1*, Paul L. den Exter2,

Saskia L. M. A. Beeres1, Meindert Palmen3, J. Wouter Jukema1,

Menno V. Huisman2 and Laurens F. Tops1

1Department of Cardiology, Leiden University Medical Center, Leiden, Netherlands, 2Department of

Thrombosis and Hemostasis, Leiden University Medical Center, Leiden, Netherlands, 3Department

of Cardiothoracic Surgery, Leiden University Medical Center, Leiden, Netherlands

Left ventricular assist device (LVAD) implantation as destination therapy

(DT) is a valuable treatment option in patients with end-stage heart failure

ineligible for heart transplant. However, this therapy can be complicated

by life-threatening pump thrombosis (PT). This case series reports our

single-center experience with a structured systemic thrombolysis protocol

in case of PT. Consecutive patients undergoing DT LVAD (HVAD, Medtronic,

Framingham, MA) implantation between 2010 and April 2021 at our institution

were reviewed and those with PT identified. Clinical, laboratory and LVAD

specific data were collected and analyzed retrospectively. All patients with PT

were treated with systemic thrombolysis according to a structured bedside

protocol. Treatment was defined successful if a patient was alive at 30 days

follow-up and free of recurrent PT, stroke or device exchange. Fourteen

out of 94 patients experienced a PT after LVAD implantation (11%). Systemic

thrombolysis was successful in 10 of 14 patients (71%) at 30 days. Two patients

died within 30 days due to a hemothorax and multi-organ failure. In three

patients treatment was complicated by a major bleeding; twice a hemothorax

(one fatal) and one right calf bleeding. No intracerebral hemorrhage was

observed. Three patients experienced a thrombotic complication within 30

days; all recurrent PT. Eleven of the 14 DT patients were discharged home after

a limited hospital stay after thrombolysis (average of 11 days). In conclusion,

systemic thrombolysis may be a reasonable option for life-threatening PT in

this vulnerable DT group in whom device exchange is often impossible due

to comorbidity.

KEYWORDS

bleeding complication, left ventricular assist device (LVAD), pump thrombosis (PT),

thrombolysis, thrombotic complication
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Introduction

Left ventricular assist device (LVAD) therapy is a viable

option for patients with advanced heart failure (HF). Device

innovation and a subsequent reduction in adverse events has

resulted in a more widespread use of LVADs as destination

therapy (DT). However, unintended device-related adverse

events still exist, including pump thrombosis (PT) which may

negatively affect clinical outcomes.

Patients require anticoagulant therapy because they face a

significant risk of thromboembolic complications due to the

presence of the artificial surfaces of the pump and the modified

fluid dynamic pattern of the blood accompanied by shear forces

(1). If PT occurs, the available treatment options are heart

transplant, device exchange, intensification of anticoagulant

treatment and/or systemic thrombolysis. Heart transplant is

not an option in DT patients and (urgent) pump exchange

implies major surgery in a vulnerable patient population with

considerable surgical risk (2), leaving systemic thrombolysis as

the main treatment option (3). This study aims to evaluate our

experience in treating DT LVAD patients with PT by means of a

structured systemic thrombolysis protocol.

Materials and methods

The study population consisted of all patients with advanced

HF undergoing LVAD implantation (HVAD, Medtronic,

Framingham, MA) as DT from November 2010 until April

2021. This single-center retrospective analysis of a prospectively

collected cohort was reviewed by the local medical ethics

committee (G20.182) who waived the need for official

approval according to the Medical Research Involving Human

Subjects Act.

Clinical, laboratory and LVAD specific data were collected

and analyzed retrospectively from the patient information

systems. Baseline characteristics, including laboratory values

and medication use (antiplatelet regimen with clopidogrel

preferred in our institution), were collected the day before

PT (or most recent if not available). Pump thrombosis was

defined as ≥2 signs or symptoms of PT in combination with

an accompanying intervention such as intensified treatment

with anti-coagulation, intravenous thrombolytics or pump

replacement (4). The following signs and symptoms were

considered suggestive of PT: (1) presence of biochemical

signs of hemolysis, (2) worsening of HF and (3) abnormal

pump parameters (4). All patients presenting with PT were

initially treated with systemic thrombolysis as the first-line

treatment, given the fact that all patients were no candidate

for heart transplantation (our institution is a non-cardiac

transplant center) and operative risk for pump exchange was

deemed too high after a case by case discussion within our

dedicated LVAD team including cardiologists, thrombosis and T
A
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TABLE 2 Risk factors for pump thrombosis, laboratory values at the time of pump thrombosis and LVAD values peri-intervention.

Patient no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Recent bleeding No No No No Yes No No No No No Yes No Yes No

Recent inhibition OAC No Yes No No Yes Yes No No No No Yes No No Yes

MAP (mmHg) 87 68 62 78 79 70 65 50 81 75 100 108 71 77

Time between implantation and 1st PT (days) 335 66 1774 74 982 22 8 288 651 337 559 300 804 445

INR 2,1 2,5 4,3 2,9 1,1 1,2 3,9 2,7 2,2 2,2 2,3 2,5 3,1 2,6

LDH (U/L) 721 756 793 3424 2700 650 535 838 N/A N/A 905 241 933 N/A

Total bilirubin (umol/L) 21 29 67 35 22 34 12 30 28 24 16 N/A 16 28

Conjugated bilirubin (umol/L) 7 15 22 <1 N/A 18 N/A 18 N/A 6 N/A N/A N/A N/A

Haptoglobin (g/L) N/A <0,1 <0,1 N/A <0,1 0,3 3,7 <0,1 <0,1 <0,1 <0,1 1,4 0,2 N/A

Free hemoglobin (umol/L) N/A 9 283 N/A N/A 2 1 7 83 61 50 N/A 42 344

Baseline

LVAD flow (L/min) 4.7 5,7 2,5 4,2 3,1 5,1 4,6 4,4 5,0 3,3 3,2 3,3 4,1 3,9

LVAD power (watt) 3.3 2,8 2,7 2,7 3,0 3,5 3,1 3,3 4,2 3,2 3,3 3,1 3,5 3,1

LVAD speed (rpm) 2400 2300 2360 2340 2400 2560 2360 2480 2500 2400 2400 2400 2500 2400

Pre intervention

LVAD flow (L/min) 7.1 9,5 7,0 9,1 8,0 6,9 7,7 2,6 9,3 6,9 5,5 0 9,2 9,0

LVAD power (Watt) 3.4 5,0 4,0 3,9 4,6 3,7 3,3 2,8 4,4 4,4 3,5 1,8 5,4 4,9

LVAD speed (rpm) 2400 2300 2360 2340 2400 2560 2360 2480 2500 2400 2400 2400 2500 2400

Post intervention

LVAD speed (L/min) 4,6 3,7 2,8 4,0 3,0 5,2 5,4 9,5 4,1 3,0 3,6 3,2 4,7 3,4

LVAD power (Watt) 3,0 2,7 2,8 2,8 3,0 3,5 3,1 5 3,8 3,1 3,0 2,9 3,7 3,0

LVAD speed (rpm) 2400 2300 2360 2340 2400 2560 2360 2480 2500 2400 2400 2400 2500 2400

Risk factors for pump thrombosis and laboratory values at the time of pump thrombosis. Moreover, LVAD flow, power and speed values at baseline, during systemic thrombolysis and post intervention. The flow in patient 8 remained high post

intervention because of persistent pump thrombosis. The flow pre-intervention in patient 12 was 0 L/min (for several short times).

INR, international normalized ratio; LDH, lactate dehydrogenase; LVAD, left ventricular assist device; MAP, mean arterial pressure; N/A, not applicable; OAC, oral anticoagulation; PT, pump thrombosis.

F
ro
n
tie

rs
in

C
a
rd
io
v
a
sc
u
la
r
M
e
d
ic
in
e

0
3

fro
n
tie

rsin
.o
rg

https://doi.org/10.3389/fcvm.2022.969766
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org


Kortekaas et al. 10.3389/fcvm.2022.969766

haemostasis experts, and cardiothoracic surgeons. In principle,

the systemic thrombolysis protocol for all patients comprised

of 10mg alteplase iv (bolus) followed by 90mg in 2 hours

(structured bedside protocol). In the absence of guidelines

specifically providing guidance for thrombolysis in LVAD pump

thrombosis, we choose to adhere to the high-risk pulmonary

embolism protocol with deemed maximal fibrinolytic effect. All

patients were admitted to the intensive care unit or cardiac

care unit and vital signs were continuously monitored in

addition to LVAD parameters, neurological signs and symptoms,

bleeding related complications, and hemoglobin tests. In case

of history of intracerebral hemorrhage or other bleeding related

risk factors a tailored approach was applied after consultation

of thrombosis/hemostasis experts. Bleeding complications were

defined as major or minor according to the International Society

of Thrombosis and Haemostasis (ISTH) criteria (5). After

administration of alteplase, thrombolysis was deemed successful

if the LVAD pump parameters normalized and markers for

hemolysis improved. In accordance with previous studies,

treatment success was defined successful if a patient was alive

at 30 days follow-up and free of recurrent PT, stroke or device

exchange (6, 7).

Results

Fourteen out of 94 patients experienced PT after LVAD

implantation (11%). Table 1 depicts the baseline characteristics

of these patients. All patients used a combination of

phenprocoumon and antiplatelet therapy except for two

patients. One patient (patient 5) was recently diagnosed

with a intracerebral hemorrhage and received low molecular

weight heparin (LMWH) in a therapeutic dosage. The second

patient (patient 6) was still at the ICU due to a complicated

clinical course after LVAD implantation, and received heparin

guided by the aPTT (target 60–80 s). The heparin dosage was

lowered for a tracheostomy and 2 days thereafter a PT was

diagnosed (lowest aPTT value: 48 s). Of note, patient 12, with

a history of atrial fibrillation and subdural hematoma after

LVAD implantation, used phenprocoumon in combination

with aspirin.

Table 2 shows the risk factors for PT and laboratory values

used for the diagnosis of PT. Three patients experienced

a recent bleeding (intracerebral hemorrhage in 2 patients,

gastro-intestinal blood loss in 1 patient). In five patients

oral anticoagulation was discontinued/lowered for invasive

procedures or after intracerebral hemorrhage. After systemic

thrombolysis, LVAD parameters normalized in all patients

except one showing a persistent high flow (patient 8).

This patient received three doses of systemic thrombolysis

within 3 days. Extracorporeal membrane oxygenation

as bridge to device exchange was used but the patient

passed away due to multi organ failure. Also in patient

14 device exchange was considered, however, the patient

refused this option and therefore received several doses of

systemic thrombolysis.

Table 3 shows that systemic thrombolysis was successful

in 10 of 14 patients (71%) at 30 days. Two of the 14 patients

(14%) died within 30 days after an in hospital cardiac arrest due

to a hemothorax (patient 7), and multi-organ failure (patient

8, as described above), respectively. In patient 7, systemic

thrombolysis was considered the only suitable option despite

the recent LVAD implantation. Unfortunately, this resulted in

an early fatal bleeding. Three patients experienced a thrombotic

complication within 30 days; all recurrent PT. Patient 8 died

as a result of multi-organ failure (received 3 times systemic

thrombolysis). Patient 13 and 14 received thrombolysis again,

respectively 5 and 4 days after their first systemic thrombolysis.

Patient 13 was free of PT thereafter and patient 14 experienced 3

additional events of pump thrombosis. Six patients had a 30-day

bleeding complication of which 3 major bleedings according

to the ISTH criteria (twice a hemothorax (one fatal ending)

and one right calf bleeding, no intracerebral hemorrhage).

No patient experienced an intracerebral hemorrhage after

systemic thrombolysis. Eleven of the 14 DT patients

were discharged home shortly after thrombolysis (average

of 11 days).

After PT, no changes in regular medical regimen

of clopidogrel/phenprocoumon were implemented

in nine patients but often INR target range was

revised. In three patients a switch to prasugrel was

made because of inadequate inhibition of ADP-

induced aggregation (i.e., clopidogrel resistance). In the

remaining two patients nadroparin monotherapy was

used awaiting the recovery of bleeding in the calf, and

prasugrel/heparin was used awaiting the recovery of

a hemothorax.

Discussion

The main finding of the current study is that

systemic thrombolysis for PT is feasible and successful

in the majority of the cases regarding resolution of

PT in DT LVAD patients. Complications were often

well manageable and must be interpreted in the

light of no reasonable alternative treatment options

for this life-threatening event in this vulnerable

patient population.

Several studies reported on the feasibility and safety of

medical therapy for PT in LVAD patients (6, 8, 9), and compared

this with surgical device exchange (10). Medical treatment

strategies for pump thrombosis vary among different centers.

Direct thrombin inhibitors, tissue plasminogen activator,

or glycoprotein IIb/IIIa antagonist have been reported as

options (7).
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TABLE 3 Treatment success and 30-day outcomes.

Patient no. Treatment

success

30-day

mortality

30-day

thrombosis

complications

30-day bleeding

complications

Time between

thrombolysis and

discharge (days)

Time between PT

and mortality or

latest follow-up

(days)

1 Yes No No No 5 1830

2 Yes No No No 28 850

3 Yes No No No 4 216

4 Yes No No Hemothorax 41 862

5 Yes No No Right calf bleeding 9 904

6 Yes No No Psoas bleeding N/A 135

7 No Yes No Hemothorax N/A 0

8 No Yes Recurrent PT No N/A 6

9 Yes No No No 6 415

10 Yes No No No 6 114

11 Yes No No No 3 263

12 Yes No No No 6 499

13 No No Recurrent PT Epistaxis 11 129

14 No No Recurrent PT Blood seeping from

wound treated by VAC

therapy

4 40

Total 71% 14% 21% 3 major bleedings

(21%)

N/A N/A

Treatment success, and 30-day mortality, thrombosis and bleeding complications after systemic thrombolysis are shown. Moreover, times between PT latest follow-up and -discharge and

times between PT and mortality are depicted. Patient 14 has been discharged at day 4 following systemic thrombolysis. Flow and power returned to baseline levels. However, within 30

days he presented with a recurrent pump thrombosis and therefore there is no treatment success as defined by “patient alive at 30 days follow-up and free of recurrent PT, stroke or device

exchange”. He underwent recent reversal of his oral anticoagulation because of surgical drainage and VAC placement because of a driveline infection.

N/A, not applicable; PT, pump thrombosis; VAC, vacuum assisted closure.

In the literature, two studies reported the use of alteplase as

initial and single medical treatment (not combined with other

anticoagulant modalities) in the light of PT in patients with a

HeartWare device. First, there is a case report from Kamouh

et al. (8) in which they treated a patient successfully with a

total dose of 30mg alteplase (with a successful transplant 30

days after thrombolytic therapy). Second, there is another case

report of Heim et al. (11) describing a case where they used

50mg alteplase iv in total (20mg over 60 minutes and the

remaining 30mg over the next 3 h thereafter). In conclusion,

medical treatment options in general are heterogeneous and

even within the group who receive tissue plasminogen activator

it is mixed.

A recent meta-analysis of 43 studies comprising 28.728

LVAD patients suggests that surgical device exchange is superior

to medical therapy for PT (7). This meta-analysis should,

however, be regarded as indirect evidence as no randomized

trial comparing medical therapy with pump exchange has

been performed. Also, this meta-analysis included the whole

LVAD population whereas we specifically focused on DT

LVAD patients. Treatment success has previously been defined

as patients alive and free from recurrent PT, stroke, device

exchange or urgent transplantation at 30 days follow-up (6, 7).

Although there is experience with systemic thrombolysis for

the treatment of PT, the regimen used varies among different

centers and success rate depends on early recognition of PT (12).

In our study, medical therapy, using a structured thrombolysis

protocol, was successful in 10 of 14 patients (71%) at 30 days,

whereas the recent meta-analysis reported a much lower success

rate of 45% for medical therapy (7). Moreover, the current

14% 30-day mortality rate compares favorably to the previously

reported 17% mortality rate of surgical therapy (7).

The current findings are of particular relevance given the

recent withdrawal of the HeartWare LVAD system of the market

by Medtronic (13). A substantial number of the 4000 living

patients have their HeartWare LVAD as DT, and exchange to

a HeartMate 3 may be challenging in this vulnerable patient

population (12). The exchange from HeartWare LVAD to a

HeartMate 3 is surgically and technically feasible, but the surgery

is more complex than just a regular exchange from HeartWare

to HeartWare and the redo surgery per se is associated with

increased post-operative risks and mortality. Therefore, medical

treatment using systemic thrombolysis may be a viable option

in this patient group with a PT as supported by our results. To
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our knowledge, there has no study been performed comparing

systemic thrombolysis with exchange from HeartWare LVAD to

HeartMate 3.

Some limitations of this study need to be addressed.

First, the small sample size with only DT patients and single

center design might hamper the extrapolation of our data to

all LVAD patients with a HeartWare LVAD. In the bridge-

to-transplant or bridge-to-recovery cohort the occurrence of

PT unresponsive to medical therapy can lead to urgent

transplantation but in our DT group this is not an option.

Second, the observational, retrospective study design does not

allow for firm conclusions regarding the efficacy of thrombolysis

to manage PT in DT LVAD patients. Still, adherence to a

structured management protocol during the course of this

study and complete data collection, strengthen the validity of

our observations.

Conclusion

Systemic thrombolysis may be a reasonable therapeutic

option inDT LVADpatients with a PT as final attempt to prevent

death or life-threatening events, despite its risk of bleeding

complications. The decision to give this therapy should be made

in a multidisciplinary team with the patient and his/her family,

thrombosis and hemostasis experts, cardiothoracic surgeons

and cardiologists.
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