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Abstract
Currently, we use the Nipro paracorporeal VAD (p-VAD) for initial short-term ventricular support, as a bridge to decision 
(BTD) or a bridge to candidacy (BTC) treatment, in Interagency Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) levels 1 and 2 patients. However, it is possible that compared to patients with primary implantable-VADs 
(P-iVAD), the bridge-to-bridge (BTB) patients are more likely to develop complications. This retrospective study used data 
from 24 consecutive BTB patients who were initially implanted with Nipro p-VAD as BTD or BTC treatments between April 
2011 and March 2016, and subsequently underwent conversion to an i-VAD. The data from 72 patients who underwent a 
primary i-VAD (P-iVAD) procedure were used for comparison. Between the two groups, there was no significant difference 
in the incidence of infectious events (p = 0.72) or stroke (p = 0.44). Orthotropic heart transplantation was performed in 6 of 
the 24 patients in the BTB group and in 21 of the 72 patients in the P-iVAD group. The 1- and 2-year survival rates were 
95.8% and 95.8% in the BTB group and 91% and 85.8% in the P-iVAD group; these values were not significantly different 
between groups (p = 0.91). Based on these results we conclude that BTB using Nipro p-VAD is a reasonable strategy for 
treating patients with severe decompensated end-stage heart failure.
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Background

The formulation of effective management strategies for 
patients categorized as INTERMACS levels 1 and 2 remains 
the most challenging issue in the field of refractory end-stage 
heart failure [1]. The Nipro paracorporeal ventricular assist 
device (p-VAD; Nipro, Osaka, Japan) is one of the two para-
corporeal devices approved by the Japanese health insur-
ance, but has many problems with long-term use. A previous 
report has shown that the survival rate has recently improved 
recently, but the actual survival rate among patients on Nipro 

p-VAD support is 66.3% at 6 months and 45.9% at 1 year 
[2, 3]. Given these outcomes, it is expected that conversion 
from Nipro p-VAD to implantable VAD (i-VAD) can result 
in better survival if the procedure is performed safely. Addi-
tionally, as patients with i-VAD can be discharged, it is also 
advantageous in terms of quality of life (QOL) and health 
economics [3].

At our institute, the Nipro p-VAD has been used for short-
to-midterm ventricular support, either as a bridge to decision 
(BTD) or a bridge to candidacy (BTC) device, in patients 
with severe decompensated end-stage heart failure. We 
believe that conversion from Nipro p-VAD to i-VAD, known 
as the bridge to bridge (BTB) strategy, can provide a safer 
bridge to transplantation (BTT) for refractory end-stage 
heart failure. The basic clinical indications for BTB followed 
at our institute are that the patients display acceptable organ 
recovery, except for cardiac function, with p-VAD support 
and have no severe exit site infections. Exit site infection is 
defined as apparent active findings of infection including 
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fever, redness, swelling, pain, or presence of purulent drain-
age at the exit site.

However, since there are few studies to support or deny 
the efficacy of this strategy, the purpose of this study was to 
analyze whether our indications for BTB in p-VAD patients 
are acceptable by comparing mortality and morbidity, 
including infection or stroke, between BTB and P-iVAD 
patients.

Patients and methods

All the subjects enrolled in this study gave informed con-
sent. Between December 2010 and March 2016, 58 patients 
were implanted with paracorporeal LVADs as BTD or BTC 
that were configured for aortic perfusion or left ventricle 
drainage at the University of Tokyo Hospital. Of these 
patients, we reviewed and retrospectively analyzed the medi-
cal records and accompanying data of 24 consecutive BTB 
patients (2 patients with biventricular p-VAD support) since 
these patients had undergone BTB procedures for conversion 
from paracorporeal LVAD to i-VAD. Central ECMO and 
percutaneous cardiopulmonary support (PCPS) had not been 
used as BTD or BTC procedures in the subjects selected 
for this study. We excluded those who were dependent to 
continuous biventricular VAD support. BTR was performed 
in 13 patients (22.4%) and a heart transplant in 5 (8.6%). 
Furthermore, 13 patients (22.4%) died; 3 patients (5.1%) 
continued with p-VAD and 14 patients (24.1%) needed 
biventricular VAD (BiVAD) support (Fig. 1). The data on 
the preoperative parameters, including laboratory, echocar-
diographic, and hemodynamic data, were obtained before 
p-VAD implantation and before the BTB procedure.

Additionally, we analyzed data from 72 patients who had 
undergone a P-iVAD procedure for comparison as controls, 
and adverse outcomes such as infection, stroke, and death 
was analyzed between the BTB and P-iVAD groups, based 
on the data available in the Japanese registry for Mechani-
cally Assisted Circulatory Support (J-MACS). In addition, 
the freedom from adverse event rate was calculated. The 
definition of adverse events is described below.

In each patient, wound dressings on the driveline (DL) 
exit site were changed daily under sterile conditions, and 
to prevent mechanical trauma at the exit site, an anchor or 
binder was used to immobilize DL.

Definition of adverse event

Definition of adverse events was based on J-MACS 
guidelines. A cerebrovascular accident was defined as an 
ischemic or hemorrhagic intracranial event that persisted 
for more than 24 h or lasted less than 24 h but with infarc-
tion observed on imaging. Device-related infection was cat-
egorized as either (1) DL infection, which was localized to 
the tissue surrounding the DL accompanied by pain, fever, 
drainage, or leukocytosis, and treated with non-prophylactic 
antimicrobial agents, or (2) pump pocket infection, which 
involved tissue surrounding the pump and within the body or 
mediastinal tissue along the inflow or outflow tracts, coupled 
with the need for antimicrobial therapy. Sepsis was defined 
as systemic infection, with or without a device-related infec-
tion, as evidenced by positive blood culture and treated 
with antimicrobial agents. Device malfunction was defined 
as failure of one or more of the components of mechanical 
cardiac support device system that directly caused or could 
potentially induce a state of inadequate circulatory support 
or death. The data from the J-MACS database (as of June 
30th 2016) were used to analyze all the adverse events.

Data analysis

The JMP software, ver. 11, (SAS Institute Inc., Cary, NC, 
USA) was used to perform the statistical analyzes. Continu-
ous variables were compared using the unpaired t tests or 
the Wilcoxon rank-sum test, and categorical variables were 
compared using the Chi-square test. Variables are expressed 
as mean ± standard deviation or median with interquartile 
range. The Kaplan–Meier method was used to generate free-
dom-from-event curves. Statistical significance was defined 
as p < 0.05.

Fig. 1  A diagram illustrat-
ing study design (LVAD left 
ventricular assist device, RVAD 
right ventricular assist device, 
BTR bridge to recovery, BTB 
bridge to bridge, BTT bridge to 
transplantation)
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Results

Status of BTB patients before and after p‑VAD 
implantation

Concomitant support measures such as PCPS (n = 6), 
intra-aortic balloon pumping (n = 22), ventilator sup-
port (n = 11), and continuous hemodiafiltration (n = 2) 
were used at the time of p-VAD implantation. Table 1 
and Fig. 2 provide data on BTB patient demographics 
before and after p-VAD implantation. Importantly, in 
BTB patients, p-VAD implantation significantly improved 
laboratory and hemodynamic parameters, including albu-
min (Alb), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), total bilirubin (T-Bil), C-reac-
tive protein (CRP), B-type natriuretic peptide (BNP), 
pulmonary artery pressure (PAP), and pulmonary wedge 
capillary pressure (PCWP), as Table 1 shows. However, 
p-VAD did not improve echocardiographic data or the 
cardiac index (CI).

Patient demographics

Table 2 shows the patient demographics. There were 24 
patients in BTB group with a mean age of 38.3 ± 9.3 years 
and 72 patients in the P-iVAD group with a mean age of 
39.1 ± 13.5 years. The HeartMate II (HM II) pump was 
implanted in 45.8% (11/24) of BTB patients and in 33.3% 
(24/72) of P-iVAD patients. In addition, Table 2 lists the 
primary diagnoses; dilated cardiomyopathy was seen 
in 66.7% (16/24) of BTB patients and 65.2% (47/72) of 
P-iVAD patients, and the median duration of p-VAD sup-
port in BTB patients was 137 days (range 28–606 days). 
No significant difference was seen in i-VAD support dura-
tion between the two groups (691.1 ± 306.6 days in BTB 
vs. 571.0 ± 356.9 days in P-iVAD). At the time of p-VAD 
implantation, 14 patients were categorized as INTERMACS 
profile 1 and 10 as INTERMACS profile 2 in the BTB group. 
All cases improved to be categorized as INTERMACS pro-
file 3 at the time of conversion. Similarly, in the P-iVAD 
group, 34 patients with marginal renal function were clas-
sified as INTERMACS profile 2 and 36 as INTERMACS 
profile 3 (p = 0.0014).

Table 1  Demographic 
characteristics of BTB patients 
before and after p-VAD 
implantation

TP total protein, Alb albumin, AST aspartate transferase, ALT alanine transferase, γ-GTP gamma glutamyl 
transpeptidase, T-Bil total bilirubin, BUN blood urea nitrogen, Cre creatinine, CRP C-reactive peptide, 
BNP B-type natriuretic peptide, LVDd left ventricle diastolic diameter, LVDs left ventricle systolic diam-
eter, LVEF left ventricle ejection fraction, RA right atrial pressure, PAP pulmonary artery pressure, PCWP 
pulmonary capillary wedge pressure; CI: cardiac index]

BTB patients (n = 24 Pre p-VAD (before BTD or BTC 
operation)

Post p-VAD (before BTB opera-
tion)

p value

Median IQR Range Median IQR Range

Laboratory data
 TP (g/dl) 5.9 1.3 4.7–7.7 6.5 0.95 4.7–7.3 0.27
 Alb (g/dl) 2.9 0.63 2.0–4.1 3.8 0.45 2.8–4.5 < 0.01
 AST (U/l) 49 48 13–452 31 10.5 16–47 0.02
 ALT (U/l) 44 103 10–2300 23 15.5 9–50 < 0.01
 γ–GTP (U/l) 82 91 27–246 66 55 28–470 0.66
 T-Bil (mg/dl) 1.9 1.3 0.5–13 0.8 0.35 0.2–3.2 < 0.01
 BUN (mg/dl) 16.5 16.2 6.1–53.5 13.4 8.2 6.3–23.8 0.07
 Cre (mg/dl) 0.92 0.64 0.6–2.29 0.8 0.19 0.57–1.36 0.08
 CRP (mg/dl) 4.0 14.5 0.42–22.63 0.22 0.49 0.04–1.92 < 0.01
 BNP (pg/ml) 969.4 1743.3 456.3–6808.3 193.5 210.9 51.4–3465.2 < 0.01

Echocardiography data
 LVDd (mm) 70.8 9.3 30–119 58 12 33–105 0.45
 LVDs (mm) 63 11 26–109 52 10 29–102 0.85
 LVEF (%) 22 7.5 11–34 19 8.3 5–43 0.72

Catheter data
 RA (mmHg) 13.5 6 2–20 6 2.8 4–14 0.08
 PAP (mmHg) 34.5 9 23–55 16 4.3 12–27 0.03
 PCWP (mmHg) 26 4 13–36 9 4.5 2–14 0.01
 CI (l/min/m2) 1.8 0.79 1.11–2.99 2.49 0.26 1.89–2.99 0.17
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Fig. 2  Laboratory, echocardiographic, and hemodynamic param-
eters of BTB patients obtained at pre and post p-VAD implantation 
(TP: total protein, Alb albumin, AST aspartate transferase, ALT ala-
nine transferase, γ-GTP gamma glutamyl transpeptidase, T-Bil total 
bilirubin, BUN blood urea nitrogen, Cre creatinine, CRP C-reactive 

peptide, BNP B-type natriuretic peptide, LVDd: left ventricle diastolic 
diameter, LVDs: left ventricle systolic diameter, LVEF: left ventri-
cle ejection fraction, RA right atrial pressure, PAP pulmonary artery 
pressure, PCWP pulmonary capillary wedge pressure, CI cardiac 
index)
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Infection

Infections were seen in 54.2% (13/24) of the patients in 
the BTB group and in 51.4% (37/72) of the patients in the 
P-iVAD group; incidence was not significantly different 
between the two groups (p = 0.72; Log rank test; Fig. 3). 
The freedom-from-infectious-event rate at 1 and 2 years was 
51.3 and 41.1% in the BTB group and 52.4 and 36.1% in 
P-iVAD group, respectively.

In the BTB group, 16.7% (4/24) of the patients required 
a redo pump exchange. (3 patients of pump-related infec-
tion and 1 patient of gastric perforation induced by direct 
contact of VAD to gastric wall) Whereas there was 8.3% 
(6/72) of the patients who required a redo pump exchange 
in the P-iVAD group (3 patients of pump-related infection 
and 3 patients of DL injury). Regarding pump exchange due 
to pump-related infection, there was no significant differ-
ence between BTB (3/24) and P-iVAD (3/72). (p = 0.14; 
Chi-square test).

Stroke

Stroke was seen in 16.7% (4/24) of the patients in the BTB 
group and in 22.2% (16/72) of the patients in the P-iVAD 
group; this incidence of stroke was not significantly different 
between the two groups (p = 0.44, Log rank test). The free-
dom-from-stroke rate at 1 and 2 years was 87.5 and 87.5% 
in the BTB group and 77.9 and 75.2% in the P-iVAD group, 
respectively (Fig. 4).

Mortality and transplantation

An orthotropic heart transplant was performed in 25% (6/24) 
of the patients in the BTB group and in 29.2% (21/72) of the 

Table 2  Comparison of demographics between BTB and P-iVAD patients

LVAD left ventricular assist device, DCM dilated cardiomyopathy, ICM ischemic cardiomyopathy, dHCM dilated phase of hypertrophic cardio-
myopathy

BTB (n = 24) P-iVAD (n = 72) P value

Age (year) 38.3 ± 9.3 39.1 ± 13.5 0.77
i-VAD support duration (days) 691.1 ± 306.6 571.0 ± 356.9 0.14
Male/female 7/17 53/19 0.79
VAD 0.81
 HeartMatell 11 (45.8%) 24 (33.3%)
 Jarvik2000 4 (16.7%) 15 (20.8%)
 DuraHeart 4 (16.7%) 14 (19.4%)
 EVAHEART 5 (20.8%) 18 (25%)
 HVAD 0 (0%) 1 (1.4%)

Diagnosis 0.3
 DCM 16 (66.7%) 47 (65.2%)
 ICM 6 (25%) 4 (5.6%)
 dHCM 1 (4.2%) 2 (2.8%)
 Fulminant myocarditis 1 (4.2%) 10 (13.9%)
 Postpartum cardiomyopathy 0 (0%) 4 (5.6%)
 Others 0 (0%) 5 (6.9%)

INTERMACS profile Atp-VAD implantation AtBTB 0.0014*

1 14 (58.3%) 0 (0%) 0 (0%)
2 10 (41.7%) 0 (0%) 34 (47.2%)
3 0 (0%) 24 (100%) 36 (50%)
4 0 (0%) 0 (0%) 2 (2.8%)

Fig. 3  Freedom-from-infection curve. The data were extracted from 
VAD-associated infection under “Major infection” available in the 
J-MACS database
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patients in the P-iVAD group. The number of deaths in the 
BTB group was 3 (12.5%) while that in the P-iVAD group 
was 7 (9.7%), resulting in 1- and 2-year survival rates of 
95.8 and 95.8% in the BTB group and 91 and 85.8% in the 
P-iVAD group, respectively; these values were not signifi-
cantly different (p = 0.91 Log rank test; Fig. 5).

Discussion

This study retrospectively analyzed data from a substan-
tial series of BTB patients, initially implanted with Nipro 
p-VADs as either BTD or BTC options. Before the approval 
of iVADs, and for a long time in Japan, such patients were 
forced to wait for donor hearts and were dependent on 
p-VADs; however, recovery of cardiac function was achieved 
in some patients. However, currently, these patients have 
three treatment options, namely, BTB, BTT, and bridge to 
recovery (BTR).

Despite their initial critical condition, overall survival in 
Nipro p-VAD patients was not inferior to that of P-iVAD 

patients, as described in previous reports [2]. The long-term 
use of Nipro p-VADs is associated with serious complica-
tions, including high rates of stroke, driveline infection, and 
low QOL due to mandatory hospitalization [4, 5]. The results 
of this study support those reported previously that BTB 
outcomes are almost equivalent to that of P-iVAD, espe-
cially with respect to infection, stroke, and mortality rates. 
There was no statistically significant difference between two 
groups regarding pump-related infection requiring a redo 
pump exchange. These are important issues as they strongly 
affect the patients’ survival.

Since the backgrounds of the P-iVAD and BTB patients 
were quite different, it might be hard to compare the two 
cohorts. However, BTB is considered to be a better option 
than BTT with p-VAD. Furthermore, there was no statisti-
cally significant difference between the groups in terms of 
the 2-year survival rate. Survival in patients with refractory 
cardiogenic shock is reported to be lower than in more stable 
patients, when implanted with an i-VAD [2, 6].

The Impella 2.5 and Impella 5.0 heart pumps (Abiomed, 
Inc, Danvers, Mass) were covered by Japanese health insur-
ance in 2017 [7]. Catheter-based micro-axial flow pump 
appears to offer a valid therapeutic option in cardiogenic 
shock, and thus, may lead more easily to higher level of 
mechanical circulatory support (MCS) such as i-VAD in 
the near future. Progressive end organ dysfunction is a hall-
mark of persistent profound cardiogenic shock [8]. However, 
recovery from end organ dysfunction cannot be predicted at 
the time of initial treatment of advanced cardiogenic shock. 
We believe that paracorporeal VAD such as Nipro p-VAD 
and centrifugal pump system may be justified as a dura-
ble mid-term LVAD for the patients with insufficient organ 
recovery even with this percutaneous MCS.

The use of i-VADs as destination therapy is expected to 
be approved, and some of the patients in our cohort would 
be appropriate candidates for the P-iVAD as BTC strategy. 
Nonetheless, some of the patients in our cohort presented 
in critical condition and could not wait until approval of the 
i-VAD procedure; thus, it is important to use an appropriate 
device based on general condition and end organ dysfunc-
tion, as therapeutic options are increasing.

The most important contraindication for BTB is exit site 
infection and exit site infection extending to the level of 
the rectus abdominal muscle is considered as a BTB con-
traindication in our institute. Another contentious issue is 
the optimal timing for conversion from p-VAD to i-VAD, 
and since there are no exact guidelines for this issue, it is 
advisable to postpone the BTB procedure when patients 
have an active infection. In our experience, cerebrovascular 
accidents occurred in 2 patients while waiting for the BTB 
procedure. Furthermore, in our series, the median dura-
tion of p-VAD support was 137 days (28–606 days). Our 
policy is to observe carefully for 3–4 months after p-VAD 

Fig. 4  Freedom-from-stroke curve. The data were extracted from 
neurological dysfunction data, including intracerebral bleeding or 
thrombosis, available in the J-MACS database

Fig. 5  Kaplan–Meier plots for survival in BTB and P-iVAD patients
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implantation along with aggressive medication and cardiac 
rehabilitation to find out if cardiac function recovers well 
enough to explant the device [9, 10]. BTB can be performed 
when acceptable organ recovery is achieved without any exit 
site infection. The results of this study demonstrate that the 
general condition of BTB patients improved before BTB 
surgery, partially because the Nipro p-VAD enabled patients 
to undergo further rehabilitation compared to patients who 
were treated with ECMO or PCPS. However, BTR was not 
a viable treatment option in these patients as their cardiac 
function did not improve (Table 1; Fig. 2).

It is needless to say that careful dissection and hemostasis 
are important during the BTB procedure, and it is manda-
tory to sufficiently debride and close the abdominal muscle 
and anterior abdominal fascial layers at both exit sites to 
prevent SSI and pump pocket infection [11]. BTB was indi-
cated exceptionally in 2 cases that aggressive debridement 
and omentopexy could control infection. One patient had a 
device infection presenting both exit site infection and bac-
teremia. We had no choice to explant the device. The other 
patient was postoperative status of BTR and after treatment 
of mediastintis. We consider that omentopexy is the last 
resort, so routine omentopexy is not performed.

Regarding the indication of BTB in Bi-VAD patients in 
our institute, basic management of Bi-VAD is to wean off 
the RVAD. After end organ dysfunction has recovered, it is 
judged whether weaning off is acceptable while periodically 
lowering the flow rate of RVAD. About the details of our 
2 cases, BTB was performed after the RVAD was weaned 
off in one case. And BTB and explantation of the RVAD 
were performed concomitantly because the right ventricular 
function was fully recovered when the heart transplant was 
indicated in the other case.

Our criteria for BTB with short-term use of Nipro p-VAD 
might be acceptable as the 1- and 2-year survival rates 
were excellent at greater than 95%. Despite this, the main 
limitations of our study are the relatively small cohort of 
patients involved and its retrospective nature. Due to the 
small sample number of this study, it was hard to compare 
BTB patients with those undergoing BTT with p-VAD in a 
matched setting.

Conclusion

In Japan, the shortage of donor organs is of significant con-
cern and even i-VAD patients have to wait for 3–4 years for 
a heart transplant. Thus, a BTB procedure is a reasonable 

strategy that enables the p-VAD patient to be discharged 
while awaiting a heart transplant. We conclude that BTB 
using Nipro p-VAD as a BTD or a BTC is a reasonable strat-
egy for treating patients with severe decompensated end-
stage heart failure since there were no statistically significant 
differences in complication rates between BTB and primary 
iVAD patients.
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