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Abstract The aim of this study was to evaluate our

clinical experience with the Jarvik 2000 axial flow pump

(Jarvik Heart, Inc, New York, NY, USA), a miniature axial

flow left ventricular assist device (LVAD). The clinical

results of eight patients, who underwent LVAD implanta-

tion with the Jarvik 2000 (median age 55.0 years; six men)

between 2005 and 2010, including two who participated in

a multicenter clinical trial in Japan, were reviewed. Two

patients underwent LVAD implantation as destination

therapy. Four patients underwent Jarvik 2000 implantation

via median sternotomy, while the other four underwent

implantation via left thoracotomy. There were no major

complications during surgery. Four patients were supported

for more than 2 years. The longest support duration was

1,618 days. Six patients successfully bridged to heart

transplantation after a median 725 days of support. One

patient on destination therapy died of a cerebral infarction.

The other patient on destination therapy had had the LVAD

for 1,618 days. The overall survival rates at 1, 2, and

3 years were 100, 86, and 86 %, respectively. The median

postoperative serum lactate dehydrogenase level was 860.5

U/L at 1 month, 735 U/L at 6 months, and 692 U/L at

1 year. There were no fatal device-related infections. We

found that the Jarvik 2000 with pin bearing could support

patients with end-stage heart failure with acceptable mor-

tality and morbidity rates. Further evaluations of the

prevalence of thromboembolic and hemolytic events in

patients with the new conical-bearing Jarvik 2000 are

required.
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Introduction

The use of implantable left ventricular assist devices

(LVADs) for patients with end-stage heart failure has

become prevalent in this decade because of their superior

survival rates, lower frequency of complications, and

improved quality of life. However, several types of

implantable LVADs require pump pocket creation and

sufficient body size. The Jarvik 2000 (Jarvik Heart, Inc,

New York, NY, USA) is a miniature axial flow ventricular

assist device (VAD) whose unique intraventricular place-

ment eliminates the need for an inflow cannula and pump

pocket creation; thus, it decreases the risk of pump pocket-

associated complications. This feature also enables flexible

implantation via sternotomy or left lateral thoracotomy.

Several articles have reported the satisfactory clinical

results of the Jarvik 2000 for both bridge-to-transplantation

(BTT) and destination therapy use [1–6].

In Japan, clinical approval of the Jarvik 2000 was

recently granted by the Ministry of Health, Labour and

Welfare. The aim of this study was to evaluate our pre-

approval clinical experience with the Jarvik 2000 axial

flow pump implanted in 8 patients between 2005 and 2010.

Methods

Patients

Between 2005 and 2010, nine patients with severe heart

failure underwent implantation of the Jarvik 2000 VAD.
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Approval to implant the device was provided by the hos-

pital clinical practice committee. Informed consent was

obtained from each patient. Of the nine patients, one

woman with arrhythmogenic right ventricular cardiomy-

opathy required the implantation of a planned biventricular

VAD with a dual Jarvik 2000 [7]. The clinical results of the

other eight patients, including the two patients who par-

ticipated in a multicenter clinical trial in Japan, were

reviewed (Table 1). This study was a retrospective analysis

therefore permission for the study was granted by the

Institutional Review Board of Osaka University and the

need for patient consent was waived. The median patient

age was 55.0 years (95 % confidence interval [CI],

39.3–64.2 years), and six of the eight (75 %) patients were

men. The median body surface area (BSA) was 1.57 m2

(1.41–1.63 m2).

Of the eight patients, six were diagnosed with idiopathic

dilated cardiomyopathy, one (case 6) was diagnosed with

cardiac sarcoidosis, and another (case 7) had ischemic

cardiomyopathy followed by acute myocardial infarction

requiring mechanical support. The purpose of LVAD

implantation was BTT in six patients. A 73-year-old

woman (case 7) who was supported by extracorporeal

membrane oxygenation (ECMO) for acute myocardial

infarction underwent paracorporeal LVAD implantation for

salvage. She was subsequently converted to a Jarvik 2000

8 days after paracorporeal LVAD implantation [8]. She

was not considered a candidate for heart transplantation

owing to her age, so the LVAD implantation was used as

destination therapy. The other patient (55-year-old man,

case 8) who had a previous mitral valve replacement and

left ventricular restoration (SAVE operation) developed

refractory heart failure concomitant with renal failure. He

underwent Jarvik 2000 implantation as a bridge to eligi-

bility [9]. However, the histological findings of a

myocardium specimen from the left ventricular (LV) apex

showed the probability of eosinophilic myocarditis, so

steroid therapy was initiated. During the steroid therapy, he

developed Aspergillus pneumonia, which was a definitive

contraindication for heart transplantation. He has been

supported by the Jarvik 2000 as destination therapy ever

since.

The seven patients without extracorporeal LVAD (cases

1–6 and 8) were classified as New York Heart Association

class IV with a median LV ejection fraction of 21 % and a

median LV end-diastolic diameter of 73 mm. The median

preoperative serum creatinine level was 0.95 mg/dL, while

the median serum total bilirubin level was 1.1 mg/dL.

Surgical procedures

The surgical techniques used for the Jarvik 2000 implan-

tation were described previously by several groups [2–6].

Median sternotomy was performed in four patients, while

left thoracotomy was performed in the other four patients.

Seven patients underwent LVAD implantation under usual

cardiopulmonary bypass (CPB) with a beating heart. In one

patient (case 1), CPB was not established and an arterial

cannula was used to ensure rapid blood infusion.

Anticoagulant management

For the postoperative anticoagulation regimen, warfarin

was administered to maintain an international normalized

ratio of 2.0–3.0 together with 100 mg of aspirin daily once

the patient was able to take oral medication. In cases of

severe hemorrhagic events such as cerebral bleeding, the

rapid infusion of recombinant factor IX was performed and

the anticoagulant was completely discontinued until

hemostasis was confirmed.

Table 1 Patient characteristics before LVAD implantation

Case Age

sex

BSA Diagnosis Purpose of

LVAD

INTERMACS

profile

LVDd

(mm)

LVDs

(mm)

LVEF

(%)

CVP

(mmHg)

PCWP

(mmHg)

Cr

(mg/

dL)

T-bil

(mg/dL)

1 39 M 1.56 DCM BTT 2 75 68 21 10 14 0.7 0.7

2 57 M 1.59 DCM BTT 2 85 76 21 10 14 1.9 0.9

3 23 M 1.69 DCM BTT 2 73 67 15 7 20 0.8 0.4

4 55 M 1.58 DCM BTT 2 60 53 25 n/a 33 1.0 1.1

5 53 M 1.59 DCM BTT 2 76 68 20 10 25 1.0 2.8

6 59 F 1.27 Sarcoidosis BTT 2 70 63 22 8 22 0.9 1.1

7 73 F 1.38 ICM DT 1 (BTB) 69 63 21 n/a n/a 0.8 4.2

8 55 M 1.49 DCM DT 2 70 63 19 n/a 28 2.7 1.6

M male, F female, DCM idiopathic dilated cardiomyopathy, ICM ischemic cardiomyopathy, BTT bridg-to-transplantation, DT destination

therapy, BTB bridge-to-bridge, LVDd left ventriclar endodiastolic dimension, LVDs left ventriclar endosystolic dimension, LVEF left ventriclar

ejection fraction, CVP central venous pressure, PCWP pulmonary capillary wedge pressure, Cr creatinine, T-bil total bilirubin
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Statistical analysis

Continuous variables are presented as median and 95 % CI

values. Categorical variables are reported as frequencies.

All statistical analyses were performed using JMP 10.0

(SAS Inc., Cary, NC, USA).

Results

Operative results

The surgical results of these eight patients are detailed in

Table 2. Four patients underwent Jarvik 2000 implantation

via median sternotomy, while another four underwent

implantation via left thoracotomy. Excluding one case

(case 7) of conversion from paracorporeal LVAD, the

median operative time was 270 min (range 211–399 min),

while the median CPB time was 63 min (range

30–106 min), except for the one case without CPB. No

major complications were experienced during surgery, and

none of the patients required re-exploration for bleeding.

There were no cases of prolonged right heart failure

requiring mechanical support or inotropes for [2 weeks.

Six patients were extubated within 2 days, and the median

intensive care unit stay was 3.5 days (range 1.9–7.4 days).

There were no perioperative surgical site infections. All of

the patients were discharged after a median of 71 days

(range 51–102 days) after implantation.

Late survival

The clinical results of these patients are detailed in Table 3,

and the overall survival rates are shown in Fig. 1. The

survival rates at 1, 2, and 3 years were 100, 86, and 86 %,

respectively. Four patients were supported for [2 years.

The longest duration on the Jarvik 2000 was 1,618 days.

Six patients successfully underwent heart transplantation

after a median duration of 725 days (range

262–1,338 days) of support. One patient who underwent

LVAD implantation as destination therapy died of a major

cerebral infarction. The other patient with destination

therapy has been on the LVAD for 1,618 days and is doing

well as an outpatient.

Table 2 Operative results

Case Age sex Previous surgery Thoracotomy Outflow graft

anastomosis

Ope time

(min)

CPB time

(min)

Respirator

(days)

ICU stay

(days)

1 39 M None Left thoracotomy Descending Ao 340 0 1 2

2 57 M SVR Left thoracotomy Descending Ao 500 27 2 5

3 23 M None Median sternotomy Ascending Ao 270 42 1 2

4 55 M None Median sternotomy Ascending Ao 255 89 2 6

5 53 M MAP Left thoracotomy Descending Ao 240 69 1 3

6 59 F None Median sternotomy Ascending Ao 190 57 2 4

7 73 F Nipro LVAD Median sternotomy Ascending Ao 265 86 2 3

8 55 M MVR ? SVR Left thoracotomy Descending Ao 339 128 8 12

SVR surgical ventricular reconstruction, MVR mitral valve replacement, Ao aorta, CPB cardiopulmonary bypass, ICU intensive care unit

Table 3 Clinical results

Case Age

sex

Diagnosis Support

duration

(days)

Post UCG at 1 year Outcome Complications

LVDd LVDs LVEF AR TRPG

1 39 M DCM 854 72 64 24 0 18 Transplant Cerebral Infarction, device thrombosis

2 57 M DCM 539 67 58 27 2 n/a Transplant Outflow graft kinking

3 23 M DCM 1607 52 42 39 0 15 Transplant SAH, small cerebral infarction

4 55 M DCM 117 n/a n/a n/a n/a n/a Transplant None

5 53 M DCM 596 79 70 25 4 25 Transplant Cerebral Infarction, drive line granulation,

right heart failure

6 59 F Sarcoidosis 1089 67 56 26 1 24 Transplant Severe hemolysis

7 73 F ICM 388 66 60 18 1 23 Dead Several SAH, MCA embolism

8 55 M DCM 1618 70 60 29 2 n/a On going Cerebral bleeding

SAH subarachnoid hemorrhage, MCA middle cerebral artery
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Late right heart failure developed in one patient (case

5) 1 year after the Jarvik 2000 implantation. He felt

easy fatigue on effort, and echocardiography revealed

severe dilatation of the right ventricle (RV) and inferior

vena cava (IVC) in addition to severe tricuspid regur-

gitation despite previous tricuspid annuloplasty (TAP).

He required readmission, and the administration of

inotropes and carperitide.

The exit site of the driveline was clean in the

majority of our patients. One patient (case 1) had an

exit site infection due to methicillin-resistant Staphy-

lococcus aureus infection 2 years after implantation.

Another patient (case 5) had had granulation of the exit

site since 1.5 years after the implantation. However,

driveline exit sites can be treated at outpatient clinics,

and none of the patients required readmission for a

driveline infection.

The cerebrovascular accident (CVA)-free survival rate

is shown in Fig. 2. Five patients had at least one cerebral

complication. These 5 patients had a total of 12 CVA

events, a frequency of 0.64 events/patient-year. Case 1 had

cerebral infarction of the left frontal lobe and a subarach-

noid hemorrhage of the right frontal lobe that caused

aphasia and incomplete right-sided hemiparesis on the

735th day after the LVAD implantation. Case 3 had a

subarachnoid hemorrhage on the 434th day and a small

cerebral infarction on the 556th day; however, he fortu-

nately recovered fully without neurological symptoms.

Case 5 developed a large cerebral infarction (40 9 36 9

20 mm) in his left frontal lobe, as well as aphasia and right-

sided partial hemiplegia. Case 7 had several small sub-

arachnoid hemorrhages and a subdural hemorrhage without

a focal neurological deficit; on the 383rd day, she experi-

enced a right middle cerebral artery occlusion that caused a

coma and died 5 days after the infarction. Case 8 had

intracerebral bleeding at 86 and 1,275 days after LVAD

implantation, the latter of which resulted in mild aphasia.

One case of fatal device thrombosis required emergent

device exchange. Case 1 had a sudden increase of the

LVAD power scale that was complicated by syncope on

the 757th day. Emergent cardiopulmonary resuscitation

with ECMO was performed, and he underwent emergent

device exchange. A huge white thrombus was found in the

impella of the removed device.

Fig. 1 The overall survival rates at 1, 2, and 3 years were 100, 86,

and 86 %, respectively

Fig. 2 The CVA-free survival rate at 1, 2, and 3 years were 58.3,

43.8, 21.9 %, respectively

Fig. 3 Postoperative median serum lactate dehydrogenase level was

860.5 U/L at 1 month, 735 U/L at 6 months, and 692 U/L at 1 year
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Transition of lactate dehydrogenase (LDH)

The transition of LDH is shown in Fig. 3. The median

postoperative serum LDH level was 465 U/L at 1 week,

860.5 U/L at 1 month, 642 U/L at 3 months, 735 U/L at

6 months, and 692 U/L at 1 year. In case 2, kinking of the

outflow graft was suspected to cause hemolysis, so outflow

graft repositioning was performed on the 525th day. In case

5, the serum LDH level increased to 1,119 U/L at 3 weeks,

and the flow dial was sequentially decreased from dial 3

(10,000 rpm) to dial 2 (9,000 rpm). In case 6, the hemo-

lysis gradually worsened despite adjustment of the pump

speed, the serum LDH level increased to 4970 U/L, and the

patient required frequent admission. Her hemolysis

improved by hydration after admission, and she required a

transfusion only once over 3 years. She successfully

underwent BTT, and severe adhered thrombi were found

on the explanted Jarvik 2000 LVAD (Fig. 4).

Discussion

As previously reported, the Jarvik 2000 is an intraventricular

placement LVAD that eliminates the need for a pump

pocket; therefore, it has a reduced risk of pump pocket-

associated complications [5, 6]. In Asian countries, including

Japan, many patients have a small BSA. Komoda et al. [10]

reported that lower BSA was highly correlated with mortality

due to stroke or systemic bleeding in patients with an axial

flow LVAD. On the other hand, Cabrera et al. [11] reported

that the HeartMate II (Thoratec Corporation, Pleasanton, CA,

USA) could be implanted with excellent outcomes in pedi-

atric or young adult patients with a small BSA; in fact, 14

patients had a BSA smaller than 1.5 m2, and the smallest was

1.1 m2. Therefore, the advantage of the Jarvik 2000 for small

patients is not certain; however, the intraventricular place-

ment of the Jarvik 2000 may be favorable because the pos-

sibility of inflow cannula deformation is estimated to be

lower than that of other devices.

The implantation technique flexibility of the Jarvik 2000

facilitates LVAD implantation for complicated patients.

Left thoracotomy and descending aorta anastomosis are

beneficial for patients with a history of previous cardiac

surgery. In our series, except for one case of LVAD con-

version, three patients with previous cardiac surgery

underwent LVAD implantation via left thoracotomy,

whereas the other four patients who did not undergo pre-

vious cardiac surgery underwent the implantation via

median sternotomy. In fact, the operative times in three

patients with a history of previous cardiac surgery were

similar to those in the four de novo cases. The flexibility of

the implantation technique also enables various types of

LVAD exchange. In a patient who requires LVAD

exchange for LVAD infection, the Jarvik 2000 implanta-

tion via left thoracotomy can also avoid contamination of

the infected tissue as long as the apex cuff or the inflow

cannula is sterile.

Antithrombotic and hemolytic complication is one of

the major concerns of the Jarvik 2000. Almost all of the

patients in our study had a serum LDH level [500 IU/dL

during support. Four of the eight patients had at least one

episode of a serum LDH level [1,000 IU/dL. One patient

had a serum LDH level [2,000 IU/dL and required a

blood transfusion for hemolytic anemia. The mean or

median serum LDH level was higher than those with

other devices [12, 13]. Löffler et al. [12] reported that

haptoglobin levels had decreased from a preoperative

median of 167 mg/dL to a postoperative median of 5 mg/

dL. They also reported that there was only a mild and

statistically insignificant increase in LDH from a preop-

erative value of 271.9 U/L to a postoperative value of

420.4 U/L. We experienced severely adhered thrombi on

the pin-bearing site in two cases and previously reported

severe hemolysis due to bearing thrombus in patients with

dual Jarvik 2000 [14]. Post-LVAD thrombotic and

hemolytic clinical data in patients with conical-bearing

Jarvik 2000 have not been reported yet; however, these

bearing refinements are expected to reduce hemolytic and

thrombotic complications.

Cerebral complication is also one of the major concerns

of the Jarvik 2000. In this study, five of the eight patients

had cerebral complications. Three patients had ischemic

Fig. 4 Severe adhered thrombi

(arrow) were found on the

explanted Jarvik 2000 LVAD in

patients 7 who were suffered

from severe hemolysis
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embolic cerebral infarction, while another three patients

had intracranial hemorrhagic complications, including one

(case 7) with both ischemic and hemorrhagic strokes. Haj-

Yahia et al. [5] reported that three (14 %) of 22 patients

had hemorrhagic stroke and one (5 %) had embolic stroke.

The prevalence of both ischemic and hemorrhagic strokes

in that and our study may be slightly higher than that of

cases treated with other devices, including centrifugal

pumps such as the DuraHeart (Terumo Heart, Inc, Ann

Arbor, MI, USA) or HeartWare (HeartWare, Framingham,

MA, USA) or axial flow devices such as the HeartMate II

[13, 15–17]. As mentioned earlier, the Jarvik 2000 has a

structural bearing that can be the site of thrombi formation.

In fact, several thrombi could be cerebral embolisms on the

pin-shaped bearing of the explanted LVAD in our patients,

although the relationship between serum LDH level and

cerebrovascular accident could not be clarified in our ser-

ies. The conical-bearing Jarvik 2000, which is expected to

decrease thrombus formation and hemolysis rates, was

recently approved, and improved cerebrovascular compli-

cation and hemolysis rates are expected.

The features of the Jarvik 2000 LVAD for right heart

failure compared with other devices were unknown

because there are no previous reports evaluated the dif-

ferences in LVAD types for right heart failure. None of our

eight patients required an RV assist device; however, one

(case 5) developed right heart failure with severe tricuspid

regurgitation, although he had a TAP before the LVAD

implantation. The configured intermittent low-speed (ILS)

mode may prevent a leftward ventricular septal shift that

sucks the LV; however, the efficacy of the ILS mode for

RV failure is uncertain and the incidence of post-LVAD

RV failure remains at a certain risk.

The driveline of the Jarvik 2000 is both flexible and

durable. The prevalence of exit site driveline infection was

very low, [5] and Siegenthaler et al. [4] reported no

implantable component failures among 102 patients.

Among our patients, there were no driveline fractures and

only one had a minor exit site granulation that could be

treated at home. The Jarvik 2000 LVAD controller is

simple and easy to use and has excellent durability; these

features may be beneficial for elderly patients on destina-

tion therapy and patients on bridge-to-bridge therapy who

require prolonged LVAD support.

This study has some limitations. First, it was a retro-

spective single-center experience with a small number of

patients. Second, although we recently implanted the

recently approved conical-bearing Jarvik 2000 in several

patients whose postoperative courses were uneventful with

low serum LDH levels, the data presented here were only

of patients who underwent pin-bearing Jarvik 2000

implantation.

Conclusion

In conclusion, here we reported the initial series of Jarvik

2000 LVAD implantation in Japan. Our initial clinical

results were satisfactory and demonstrated acceptable long-

term survival rates with sufficient flow and no device

component fracture or rare device-related infections. Thus,

the Jarvik 2000 is a promising device for BTT use for

patients with severe heart failure. However, the prevalence

of thromboembolic and hemolytic events that may be

related to pin-bearing was a major problem and is expected

to decrease in the conical-bearing Jarvik 2000.
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12. Löffler C, Straub A, Bassler N, Pernice K, Beyersdorf F, Bode C,

et al. Evaluation of platelet activation in patients supported by the

Jarvik 2000* high-rotational speed impeller ventricular assist

device. J Thorac Cardiovasc Surg. 2009;137:736–41.

13. Sakaguchi T, Matsumiya G, Yoshioka D, Miyagawa S, Nishi H,

Yoshikawa Y, et al. DuraHeartTM magnetically levitated left

ventricular assist device: Osaka University experience. Circ J.

2013;77:1736–41.

14. Saito S, Sakaguchi T, Miyagawa S, Nishi H, Yoshikawa Y,

Fukushima S, et al. Jarvik 2000 biventricular assist device con-

version from old pin-shaped bearing pumps to new conical

bearing pumps. J Artif Organs. 2013;16:105–9.

15. Uriel N, Han J, Morrison KA, Nahumi N, Yuzefpolskaya M,

Garan AR, et al. Device thrombosis in HeartMate II continuous-

flow left ventricular assist devices: a multifactorial phenomenon.

J Heart Lung Transplant. 2013;S1053–2498:01462–9.

16. Lalonde SD, Alba AC, Rigobon A, Ross HJ, Delgado DH, Billia

F, et al. Clinical differences between continuous flow ventricular

assist devices: a comparison between HeartMate II and Heart-

Ware HVAD. J Card Surg. 2013;28:604–10.

17. Kato TS, Schulze PC, Yang J, Chan E, Shahzad K, Takayama H,

et al. Pre-operative and post-operative risk factors associated with

neurologic complications in patients with advanced heart failure

supported by a left ventricular assist device. J Heart Lung

Transplant. 2012;31:1–8.

J Artif Organs

123


	Clinical results with Jarvik 2000 axial flow left ventricular assist device: Osaka University Experience
	Abstract
	Introduction
	Methods
	Patients
	Surgical procedures
	Anticoagulant management
	Statistical analysis

	Results
	Operative results
	Late survival
	Transition of lactate dehydrogenase (LDH)

	Discussion
	Conclusion
	Conflict of interest
	References


