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Abstract
Aortic insufficiency (AI) is known to associate with a persistently closed aortic valve during continuous-flow ventricular 
assist device support. Some devices carry an intermittent low-speed (ILS) function, which facilitates aortic valve opening, 
but whether this function prevents AI is unknown. In this study, the Jarvik 2000 device, which is programmed to reduce 
the pump speed each minute for 8 s, was chosen to examine this potential effect. Prospectively collected data of 85 heart 
transplant-eligible Jarvik 2000 recipients who met the study criteria (no pre-existing AI and aortic valve surgery) were 
retrospectively analyzed for the incidence, correlating factors, and clinical outcomes of de novo AI. All data were provided 
by the Japanese Registry for Mechanically Assisted Circulatory Support. De novo AI occurred in 58 patients, 23 of whom 
developed at least moderate AI during a median support duration of 23.5 months. Freedom from moderate or greater AI was 
84.4%, 66.1% and 60.2% at 1, 2 and 3 years, respectively. Multivariate analyses revealed that progressive AI was correlated 
with decreased pulse pressure after implantation (hazard ratio 1.060, 95% confidence interval 1.001–1.127, p = 0.045). No 
correlation was found for mortality or other adverse events, including stroke, bleeding, infection, pump failure, hemolysis, 
and readmission. The benefit of the Jarvik 2000′s current ILS mode against AI appears to be minimal. However, in this 
limited cohort where all recipients underwent implantation as a bridge to transplantation, the impact of de novo progressive 
AI on other clinical adversities was also minimal.
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Introduction

Despite the increasing number of patients on continuous-
flow left ventricular assist device (cf-LVAD) support, certain 
complications associated with the device remain unresolved. 
One such complication is aortic insufficiency (AI). Over 
the course of time, the continuous, high turbulent pressure 
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generated by these devices on the aortic root and valve may 
induce pathological changes, such as root dilatation, valve 
degeneration, and commissural fusion, and contribute to the 
development and progression of AI [1].

Progressive AI after cf-LVAD implantation can have seri-
ous consequences. It creates a continuous retrograde flow 
loop that limits effective forward flow, thus increasing the 
risk of end-organ malperfusion and right heart failure and 
potentially affecting long-term survival [1].

With accumulating evidence that AI occurs more fre-
quently in patients with a persistently closed aortic valve 
during cf-LVAD support [1–10], strategies to prevent AI 
have now focused on the optimization of the pump speed 
to promote aortic valve opening [1, 2, 4–15]. In some cf-
LVADs, including the HeartWare HVAD (HeartWare, Inc., 
Framingham, MA, USA), the HeartMate III (Abbott Labo-
ratories, Abbott Park, IL, USA), and the Jarvik 2000 (Jarvik 
Heart Inc., New York, NY, USA), the devices are equipped 
with a function that facilitates intermittent aortic valve open-
ing by periodically minimizing pump flow. This function 
thus offers the prospect of preventing AI progression; how-
ever, there is only a paucity of studies that have addressed 
this potential benefit [13–15].

The Jarvik 2000 is an axial cf-LVAD that contains a 
miniaturized intraventricular pump and an intermittent 
low-speed (ILS) function, which reduces pump flow for 8 s 
every minute. While other devices with a similar ILS func-
tion have only just recently entered the Japanese market, 
the Jarvik 2000 was approved for commercial use in late 
2013 and has since been used increasingly in the country. 
This has provided us a valuable opportunity to examine the 
ILS effect against AI. In this study, we aimed to determine 
the incidence of de novo AI in patients on the Jarvik 2000, 
demonstrate the beneficial effect of ILS against AI in the 
light of published data, predict who would be susceptible 
to AI development despite the ILS effect, and evaluate the 
outcomes of those who developed AI during follow-up.

Materials and methods

The present study was approved by the ethics review board of 
the Japanese Registry for Mechanically Assisted Circulatory 
Support (J-MACS). J-MACS is a government-funded national 
registry aimed at improving treatment outcomes and safety 
measures for left ventricular assist device (LVAD) patients 
[16]. In Japan, all LVAD implantations are done strictly as a 
bridge to transplantation. Between January 2014 and Janu-
ary 2019, 172 patients from 22 centers were registered and 
received the latest cone-bearing version of the Jarvik 2000, 
which was connected to an ILS controller. This controller fol-
lows a programmed algorithm that slows the pump speed to 
6000 rpm (the normal operating range is 8000–12,000 rpm) 

for 8 s every minute. All data used in this study were provided 
by J-MACS, which contains a database populated by collect-
ing pre-specified information at designated intervals, or on 
an occurrence basis, from the participating hospitals of the 
registry (Appendix 1). The data provided for this study were 
pre-adjudicated by independent organizations and de-iden-
tified to the study investigators. A written informed consent 
that allowed prospective collection, analyses, and conditional 
disclosure of information was obtained from all patients.

The prospectively collected data of the 172 recipients 
of the Jarvik 2000 were reviewed. The recipients with pre-
existing AI (57 patients), or unknown aortic valve status 
(23 patients), or who underwent aortic valve surgery before 
or at the time of Jarvik 2000 implantation (12 patients) 
were excluded from the study cohort. From this cohort, 6 
patients, who remained alive during the study period but 
lacked post-implantation data of the aortic valve, were also 
excluded. After the exclusion process, 85 patients remained. 
The data of these 85 patients were analyzed for the inci-
dence, correlating factors, and clinical outcomes of AI after 
implantation.

AI severity was categorized by J-MACS as follows: none; 
trivial or mild; moderate; or severe (including moderate-to-
severe). To obtain a clear-cut picture of the effects of ILS on 
AI development, only the patients who were reported as no 
AI before implantation were included in the study cohort. 
In the subsequent analyses, the data of the Jarvik-supported 
patients with at least moderate AI were compared with those 
with less than moderate AI.

Statistical analysis

Values are summarized as frequencies and proportions for 
categorical data, mean ± standard deviation for parametri-
cally distributed continuous data, and median and inter-
quartile range (IQR) for non-parametrically distributed 
continuous data. A Cox proportional hazard model was 
used to identify predictors and potential correlates of AI. 
The variables included in multivariate analyses were those 
that showed a significant correlation on univariate analyses. 
The rate of survival and freedom from first event were esti-
mated using the Kaplan–Meier method, and the log-rank 
test was used to compare time-to-event outcomes between 
groups. The patients were censored for heart transplantation, 
removal of the LVAD, and death. A p value of < 0.05 was 
considered statistically significant.

Results

The median support duration of the 85 Jarvik LVAD recipi-
ents was 715 days (IQR 313–1076; maximum 1505 days). 
Twelve recipients underwent heart transplantation, 2 
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underwent LVAD explantation after recovery of the left 
ventricle, 1 had the LVAD converted to an extracorporeal 
biventricular support system because of hemolysis and right 
heart failure, and 58 were receiving ongoing support during 
the study period.

De novo AI

De novo AI occurred in 58 (68.2%) patients. There were 23 
(27.1%) patients who progressed to moderate or severe AI 
within 49 months of implantation. The distribution of AI 
severity with time after implantation is shown in Fig. 1. At 1, 
2 and 3 years, actuarial freedom from moderate or greater de 
novo AI was 84.4%, 66.1% and 60.2%, respectively (Fig. 2).

Comparison of baseline characteristics

Table 1 lists the pre-implantation baseline variables that 
were used to determine the risk factors for developing mod-
erate or greater AI after implantation. The patients who 
developed at least moderate AI were older, smaller in size, 
and had lower cardiac index than those who did not develop 
moderate or greater AI.

Comparison of operative and postoperative 
parameters

All implantations were done using cardiopulmonary bypass. 
Two implantations were performed with cardiac arrest. At 
implantation, 43 patients required at least one concomitant 
procedure, which included mitral valve replacement/repair, 
tricuspid valve repair, atrial septal defect closure, maze sur-
gery, previous LVAD removal, and omentopexy. All patients 
had the outflow graft anastomosed to the ascending aorta.

The operative and postoperative variables are shown in 
Table 2. The time required for surgery and the procedures 
performed were similar between groups. During the postop-
erative follow-up period, the patients who developed at least 
moderate AI had faster heart rates, lower pulse pressures, 
lower hemoglobin levels, and lower platelet counts.

Predictors of moderate or greater de novo AI

Table 3 shows the results of the multivariate analyses that 
compared the perioperative variables of the Jarvik recipi-
ents. The analyses identified an increased risk of moderate 
or greater AI development with reduced pulse pressures after 
implantation (hazard ratio 1.060; 95% confidence interval 
1.001–1.127; p = 0.045).

Post‑implantation outcomes

Twelve patients died while on the LVAD support, and the 
causes of death were stroke (6 patients), sepsis (3 patients), 
nonocclusive bowel ischemia (1 patient), and multiorgan 
failure preceded by an operator (patient) error-related device 
malfunction (2 patients; one experienced complete battery 
depletion and the other suffered from a pump shutdown due 
to an external component damage). One patient, who devel-
oped severe AI after 42.1 months of implantation, underwent 
LVAD explantation due to hemolysis and was converted to 
an extracorporeal biventricular support system because of 
concomitant right heart failure. However, no difference was 
observed in survival between patients who developed mod-
erate or greater AI and those who did not (Fig. 3). We also 
found no direct association between moderate or greater AI 
with other adverse events, including bleeding, infection, 
stroke, pump failure, hemolysis, and readmission (Table 4).

Fig. 1  Aortic insufficiency (AI) status with time after implantation. 
Each color represents one of the following: no AI; trivial or mild AI; 
moderate AI; severe AI; or unavailable/missing data

Fig. 2  Freedom from aortic insufficiency (AI) after implantation
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Discussion

AI is a common sequela of cf-LVAD implantation with a 
reported frequency of up to 78% [3–14, 17, 18]. The pro-
gression of AI during cf-LVAD support may negatively 
impact the patients’ clinical outcomes; the aggravation of 
the continuous retrograde flow loop can cause severe restric-
tion of forward blood circulation and induce malperfusion 
of the vital organs [1]. In view of minimizing these adverse 
effects, recent studies have suggested reducing the LVAD 
pump speed to promote aortic valve opening, as progres-
sive AI has been consistently shown to associate with a 
closed aortic valve [1–15]. In this context, LVADs that are 
equipped with the ILS technology, which facilitates aortic 
valve opening, may have the potential to prevent AI. In this 

study, given the relatively high number of patients with the 
Jarvik 2000 LVAD in Japan, we chose this device to evaluate 
this effect. We found that 27.1% of the Jarvik recipients, who 
had no AI before implantation, developed at least moderate 
AI during a median support duration of 715 days; the inci-
dence at 1 year was 15.6%. We initially hypothesized that 
these results would be better than those reported for other 
cf-LVADs without the ILS function.

A review of the literature [4–7, 11, 12] shows that the 
occurrence rate of moderate or greater AI in patients sup-
ported with other cf-LVADs ranges from 5 to 19% and the 
incidence at 1 year was from 5 to 28% (Appendix 2). Nota-
bly, these results represent those from previous studies that 
included cf-LVAD patients who were not subjected to the 
ILS effect, and, contrary to our expectations, the results 

Table 1  Baseline characteristics

Values are presented as number (%) of patients for categorical variables, mean ± standard deviation for par-
ametrically distributed continuous variables, and median (interquartile range) for non-parametrically dis-
tributed continuous variables
AI aortic insufficiency, ECMO extracorporeal membrane oxygenation, VAD ventricular assist device, HR 
hazard ratio, CI confidence interval

Variable  < Moderate AI  ≥ Moderate AI HR 95% CI p
(n = 62) (n = 23)

Age (years) 40 (28–46) 44 (35–60) 1.04 1.01–1.08 0.008
Body surface area  (m2) 1.5 ± 0.2 1.4 ± 0.2 0.09 0.01–0.87 0.037
Female 30 (48.4%) 15 (65.2%) 1.45 0.64–3.61 0.390
INTERMACS level 1 3 (4.8%) 1 (4.4%) 0.73 0.04–3.48 0.748
INTERMACS level 2–3 56 (90.3%) 22 (95.7%) 2.55 0.53–45.6 0.290
Cause of heart failure
 Dilated cardiomyopathy 35 (56.5%) 15 (65.2%) 1.04 0.45–2.59 0.935
 Ischemic heart disease 8 (12.9%) 0 1.8e−9 1.49–1.48 0.106
 Hypertrophic cardiomyopathy 6 (9.7%) 1 (4.4%) 0.59 0.03–2.57 0.507
 Others 5 (8.1%) 6 (26.1%) 2.52 0.90–6.21 0.077

Previous cardiac surgery 25 (40.3%) 10 (43.5%) 1.03 0.44–2.35 0.937
On ECMO/VAD support 18 (29.0%) 2 (8.7%) 0.29 0.05–0.99 0.095
Echocardiographic data
 Mitral regurgitation ≥ moderate 26 (42.6%) 14 (60.9%) 1.67 0.73–4.00 0.226
 Tricuspid regurgitation ≥ moderate 17 (28.3%) 9 (40.9%) 1.70 0.70–3.96 0.223
 Left ventricular end-diastolic diameter (cm) 6.3 ± 1.3 6.4 ± 1.5 1.05 0.74–1.50 0.788
 Left ventricular end-systolic diameter (cm) 5.7 ± 1.3 5.8 ± 1.5 1.06 0.75–1.54 0.762
 Left ventricular ejection fraction < 0.3 52 (83.9%) 18 (78.3%) 0.89 0.35–2.70 0.820
 Left ventricular ejection fraction < 0.2 37 (59.7%) 13 (56.5%) 0.99 0.43–2.31 0.975

Pressure studies (mm Hg)
 Pulmonary capillary wedge pressure 18.4 ± 9.9 17.9 ± 7.5 0.99 0.94–1.03 0.576
 Mean pulmonary artery pressure 25.3 ± 9.9 24.2 ± 9.9 0.99 0.93–1.02 0.366
 Central venous pressure 8 (5–13) 8 (5–13) 0.99 0.91–1.05 0.786

Cardiac Index (L/min/m2) 2.3 (1.9–2.8) 1.9 (1.7–2.3) 0.40 0.16–0.92 0.030
Pre-implantation blood data:
 Creatinine (mg/dL) 0.9 (0.6–1.1) 0.8 (0.6–1.0) 0.56 0.17–1.58 0.286
 Total bilirubin (mg/dL) 0.8 (0.6–1.3) 0.7 (0.5–1.0) 0.76 0.32–1.47 0.450
 Albumin (g/dL) 3.7 ± 0.5 3.8 ± 0.4 0.99 0.47–2.08 0.984
 Platelet count (× 103) 203 (165–279) 175 (142–227) 0.96 0.91–1.01 0.170
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were not significantly different from ours. Furthermore, the 
reports [13, 14] from European centers where the Heart-
Ware HVAD is provided with a software that activates a 
programmed low-speed algorithm (the Lavare cycle), which 
produces an ILS-like effect, showed that the development 
of AI was rare in the patients supported with the HVAD. 
In those studies, moderate or severe AI developed in < 3% 
of the HVAD patients during a median support duration of 
approximately 400–600 days, and the 1-year incidence rate 
was < 2%. Interestingly, the same studies also revealed that 

AI progression was common if the aortic valve remained 
closed, or only occasionally opened, during support.

Despite the clear association between AI and aortic valve 
opening, not many data exist on the frequency of the valve 
opening in relation to AI development. The ILS mode of 
the Jarvik 2000 facilitates aortic valve opening only 13% 
of the time (8 s every minute) during LVAD support, and it 
is possible that this level of assistance may be insufficient 
to prevent AI. Previous studies [4, 12–14, 17] have shown 
that progressive AI is associated with not only a persistently 

Table 2  Intraoperative and post-
implantation data

Values are presented as number (%) of patients for categorical variables, mean ± standard deviation for par-
ametrically distributed continuous variables, and median (interquartile range) for non-parametrically dis-
tributed continuous variables
AI aortic insufficiency, INR international normalized ratio, HR hazard ratio, CI confidence interval
*Represent the average of all available data collected after implantation and before the development of 
greater than moderate AI

Variable  < Moderate AI  ≥ Moderate AI HR 95% CI p
(n = 62) (n = 23)

Operation time (min) 460 (365–553) 451 (376–561) 0.99 0.99–1.00 0.584
Cardiopulmonary bypass time (min) 120 (101–170) 110 (98–158) 0.99 0.99–1.01 0.717
Aortic cross-clamp 1 (1.6%) 1 (4.4%) 5.40 0.29–27.9 0.195
Concomitant surgery 33 (53.2%) 10 (43.5%) 0.71 0.30–1.61 0.412
 Mitral valve surgery 7 (11.3%) 1 (4.4%) 0.32 0.02–1.53 0.183
 Tricuspid valve surgery 23 (37.1%) 7 (30.4%) 0.82 0.32–1.93 0.664

Post-implantation vital parameters*:
 Heart rate (beats/min) 81 (75–89) 82 (77–91) 1.04 1.00–1.08 0.040
 Mean blood pressure (mm Hg) 74.0 ± 6.6 72.2 ± 9.8 0.97 0.92–1.03 0.301
 Pulse pressure (mm Hg) 19 (12–24) 8 (4–19) 0.91 0.87–0.96  < 0.001

Post-implantation blood data*
 Hemoglobin (g/dL) 11.1 ± 1.3 10.6 ± 1.0 0.63 0.42–0.95 0.027
 Platelet count (× 103) 179.1 ± 61.1 153.8 ± 47.3 0.89 0.81–0.97 0.010
 Albumin (g/dL) 3.9 (3.5–4.0) 3.7 (3.4–3.9) 0.43 0.16–1.34 0.142
 Lactate dehydrogenase (U/L) 534 (447–725) 518 (441–642) 1.00 0.99–1.01 0.997
 Total bilirubin (mg/dL) 1.0 (0.7–1.9) 1.4 (0.9–1.6) 1.20 0.82–1.57 0.313
 Creatinine (mg/dL) 0.7 (0.6–0.9) 0.7 (0.6–0.9) 0.67 0.13–2.49 0.592
 Brain natriuretic peptide (pg/mL) 178 (95–274) 255 (147–349) 1.00 0.99–1.01 0.129
 Prothrombin time (INR) 2.4 (2.1–2.5) 2.3 (2.0–2.5) 0.63 0.24–1.34 0.289

Table 3  Independent risk 
factors of moderate or greater 
de novo aortic insufficiency

HR hazard ratio, CI confidence interval
*Only the variables that showed a significant correlation on univariate analyses are shown here

Variable* Univariate Multivariate

p HR 95% CI p

Age 0.008 1.026 0.987–1.071 0.193
Body surface area 0.037 0.045 0.001–1.545 0.088
Preoperative cardiac index 0.030 0.412 0.127–1.168 0.097
Postoperative average heart rate 0.040 1.026 0.968–1.083 0.372
Postoperative average pulse pressure  < 0.001 0.943 0.887–0.999 0.045
Postoperative average hemoglobin 0.027 1.074 0.552–2.226 0.839
Postoperative average platelet count 0.010 0.932 0.820–1.046 0.243
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closed aortic valve but also an intermittently opening aortic 
valve. Cowger et al. [4] defined intermittent opening as 1–2 
openings in 3 systoles and found that progressive AI was 
significantly correlated with this frequency of aortic valve 
opening. The same authors [4] hypothesized that intermit-
tently opening aortic valves, when subjected to continuous 

backflow pressure, may undergo pathological changes, 
including commissural fusion and disruption of the valve 
leaflets, similar to those seen in a closed aortic valve.

In this study, we discovered that low pulse pressure 
after implantation was a strong predictor of AI progres-
sion. Unfortunately, due to the lack of post-implantation 
data on the aortic valve opening status, we could not 
associate pulse pressure values with the frequency of 
aortic valve opening. Previous studies [2, 9], however, 
have shown that low pulse pressure measurements during 
LVAD support can indicate infrequent or no opening of 
the aortic valve. In a previous Jarvik 2000 study, Myers 
et al. [2] observed that a pulse pressure of < 15 mm Hg 
resulted in aortic valve opening in only 24% of the time, 
and a pulse pressure > 15 mm Hg was predictive of the 
valve opening 65% of the time. The median pulse pres-
sure of our Jarvik recipients who developed moderate or 
greater AI was 8 mm Hg compared to 19 mm Hg in those 
who did not, thus indicating that the aortic valve may have 
rarely opened in the patients who progressed to moderate 
AI. Interestingly, in the present study, the same group that 
showed lower pulse pressure during support also had lower 
cardiac index before support (Table 1), implying the role 
of the native cardiac function as to whether it can generate 
a systolic gradient across the aortic valve after cf-LVAD 
implantation. We also suspect that the difference in the 

Fig. 3  Survival after implantation based on aortic insufficiency (AI) 
severity

Table 4  Impact of moderate 
or greater aortic insufficiency 
on post-implantation adverse 
outcomes

AI aortic insufficiency, HR hazard ratio, CI confidence interval
a Significant blood loss resulting in death, reoperation, hospitalization or blood transfusion
b Any clinical signs of infection requiring anti-microbial and/or surgical treatment in an area that was 
healed or without previous infection
c Any new, temporary or permanent, focal or global neurologic deficit
d Failure of any component related to the device
e Any clinical signs of device-related hemolysis occurring after the first 72 h after implantation
*Note that a hazard ratio < 1 indicates a negative correlation between ≥ moderate AI and the event con-
cerned

Number of: Correlation of ≥ mod AI with 
events by Cox analysis:

Patients 
affected

Events Events accompa-
nied by ≥ mod AI

HR* 95% CI p

Major  bleedinga 23 63 5 0.128 0.030–0.544 0.005
 Gastrointestinal bleeding 6 19 3 0.143 0.018–1.125 0.065

New  infectionb 40 66 9 0.439 0.213–0.905 0.026
 Device-related infection 21 34 2 0.841 0.196–3.611 0.815

Neurological  dysfunctionc 31 48 4 0.411 0.119–1.067 0.070
 Stroke 28 43 4 0.430 0.147–1.261 0.124

Device  malfunctiond 25 44 11 0.242 0.110–0.530  < 0.001
 Pump failure 7 11 6 0.082 0.009–0.728 0.025

Hemolysise 6 8 3 0.153 0.017–1.378 0.094
Readmission (all-cause) 45 142 35 0.394 0.266–0.583  < 0.001
Death (all-cause) 12 12 3 0.665 0.178–2.484 0.544
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occurrence rate of AI between our study and other related 
studies [13, 14] may be due to the difference in, aside from 
the follow-up time, the proportion of patients with a per-
sistently or semi-persistently closed aortic valve.

The etiology of AI development in cf-LVAD patients 
may be multifactorial, and the reported risk factors include 
advanced age, female gender, small body size, small left 
ventricular dimension, large aortic root diameter, position 
and angle of the outflow graft, short heart failure duration 
before support, high systolic blood pressure during sup-
port, and longer support duration [4–13, 15, 17, 19]. It can 
be anticipated that longer support duration may associ-
ate with AI progression, particularly if the patient already 
possesses a risk factor, such as old age, that can natu-
rally cause AI to develop. In this study, we also found that 
smaller body size was, to some extent, correlated with AI 
development, although, despite several speculations [4, 8], 
the exact mechanism for their relationship remains unclear.

The clinical consequences of AI during cf-LVAD 
support have yet to be investigated. Notably, despite the 
foreseeable outcome of progressive AI in patients with 
cf-LVAD, the literature is not abundant on this topic, per-
haps reflecting the scarcity of data on long-term cf-LVAD 
therapy. So far, the general conjecture that progressive AI, 
with its unique closed-circuit effect, reduces survival rate 
has not been proven [5, 7, 8, 12], and we similarly did not 
find this association in the present study. On the contrary, 
previous studies [9] have reported increased readmission 
rate in patients with AI; however, this increase was not 
found in our study, probably because of the small num-
ber of patients in the AI group. Furthermore, this study 
was not specifically designed to determine the fate of the 
LVAD patients with progressive AI, as all patients were 
waitlisted for transplantation (i.e., AI may have influ-
enced the waiting time) and those with pre-existing AI 
were excluded from the analyses. In light of the increasing 
demand for long-term support, a larger study over a longer 
follow-up period is certainly warranted.

Several limitations exist in the present study, including 
the retrospective design, the small study population, and 
the lack of a comparative control population, as all patients 
were subjected to the ILS effect. In addition, our study lacks 
information on aortic valve opening status, which has con-
sistently been shown to correlate with AI. Likewise, data 
on other suggested correlates, such as aortic root dimen-
sion, aortic valve morphology, outflow graft orientation, and 
pump speed, were missing in most or all of our patients. 
Regarding the pump speed, we can only assume that the 
patients were optimized individually as recommended by 
the current guidelines. Furthermore, our study was based 
on registry data that were self-reported; thus, unreported 
data were present and misreported data may have existed 
but cannot be adjusted for.

Conclusion

The potentially protective role of ILS against AI in patients 
supported with the Jarvik 2000 appears questionable, as the 
incidence of AI was not different from that reported in the 
studies of other cf-LVADs without the ILS function. The 
patients who developed AI had markedly reduced pulse 
pressures after implantation, implying that the aortic valve 
may have rarely opened in those patients. These results sug-
gest that the Jarvik 2000′s 8-s-every-minute ILS effect is 
insufficient to prevent AI, particularly if the aortic valve, 
for whatever reason, fails to open most of the time during 
support. Perhaps, if the ILS duration can be adjusted to 
individual patients, the results may differ. This study also 
showed that de novo progressive AI was not indicative of 
increased mortality or other adverse events during a median 
period of 2 years (and up to 4 years) after implantation in 
patients who are waiting for transplantation. However, in 
view of the growing number of patients requiring a longer 
support period, further evaluation is necessary.

Acknowledgements The authors thank all the participating hospitals of 
J-MACS (Appendix 1) for their contributions with data collection. This 
work was supported by J-MACS, which is funded by authorized mar-
keting holders and companies for post-marketing safety measures and 
surveillance. The companies had no influence on the study design nor 
on data collection, analysis and interpretation. The following authors 
have received research funds (from the following companies) admin-
istered by their employing institutions: HK and GM (Century Medical, 
Abbott, and Terumo); YS and AS (Century Medical), and MO (Sun 
Medical). The other authors have no conflicts of interest to disclose.

Compliance with ethical standards 

Conflict of interest HK, GM, YS, AS and MO have received research 
funds (refer to “Acknowledgements” above) related to this study. The 
remaining authors have no conflicts of interest to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Cowger J, Rao V, Massey T, Sun B, May-Newman K, Jorde U, 
Estep JD. Comprehensive review and suggested strategies for 
the detection and management of aortic insufficiency in patients 

http://creativecommons.org/licenses/by/4.0/


198 Journal of Artificial Organs (2021) 24:191–198

1 3

with a continuous-flow left ventricular assist device. J Heart Lung 
Transplant. 2015;34:149–57.

 2. Myers TJ, Bolmers M, Gregoric ID, Kar B, Frazier OH. Assess-
ment of arterial blood pressure during support with an axial 
flow left ventricular assist device. J Heart Lung Transplant. 
2009;28:423–7.

 3. Pak SW, Uriel N, Takayama H, Cappleman S, Song R, Colombo 
PC, Charles S, Mancini D, Gillam L, Naka Y, Jorde UP. Preva-
lence of de novo aortic insufficiency during long-term support 
with left ventricular assist devices. J Heart Lung Transplant. 
2010;29:1172–6.

 4. Cowger J, Pagani FD, Haft JW, Romano MA, Aaronson KD, 
Kolias TJ. The development of aortic insufficiency in left 
ventricular assist device-supported patients. Circ Heart Fail. 
2010;3:668–74.

 5. Aggarwal A, Raghuvir R, Eryazici P, Macaluso G, Sharma P, Blair 
C, Tatooles AJ, Pappas PS, Bhat G. The development of aortic 
insufficiency in continuous-flow left ventricular assist device-
supported patients. Ann Thorac Surg. 2013;95:493–9.

 6. Jorde UP, Uriel N, Nahumi N, Bejar D, Gonzalez-Costello J, 
Thomas SS, Han J, Morrison KA, Jones S, Kodali S, Hahn RT, 
Shames S, Yuzefpolskaya M, Colombo P, Takayama H, Naka Y. 
Prevalence, significance, and management of aortic insufficiency 
in continuous flow left ventricular assist device recipients. Circ 
Heart Fail. 2014;7:310–9.

 7. Patil NP, Sabashnikov A, Mohite PN, Garcia D, Weymann A, 
Zych B, Bowles CT, Hards R, Hedger M, Popov AF, De Rober-
tis F, Moza A, Bahrami T, Amrani M, Rahman-Haley S, Banner 
NR, Simon AR. De novo aortic regurgitation after continuous-
flow left ventricular assist device implantation. Ann Thorac Surg. 
2014;98:850–7.

 8. Hiraoka A, Cohen JE, Shudo Y, MacArthur JW Jr, Howard JL, 
Fairman AS, Atluri P, Kirkpatrick JN, Woo YJ. Evaluation of late 
aortic insufficiency with continuous flow left ventricular assist 
device. Eur J Cardiothorac Surg. 2015;48:400–6.

 9. Imamura T, Kinugawa K, Fujino T, Inaba T, Maki H, Hatano M, 
Kinoshita O, Nawata K, Kyo S, Ono M. Aortic insufficiency in 
patients with sustained left ventricular systolic dysfunction after 
axial flow assist device implantation. Circ J. 2015;79:104–11.

 10. da Rocha e Silva JG, Meyer AL, Eifert S, Garbade J, Mohr FW, 
Strueber M. Influence of aortic valve opening in patients with 
aortic insufficiency after left ventricular assist device implanta-
tion. Eur J Cardiothorac Surg. 2016;49:784–7.

 11. Rajagopal K, Daneshmand MA, Patel CB, Ganapathi AM, 
Schechter MA, Rogers JG, Milano CA. Natural history and 

clinical effect of aortic regurgitation after left ventricular assist 
device implantation. J Thorac Cardiovasc Surg. 2013;145:1373–9.

 12. Holley CT, Fitzpatrick M, Roy SS, Alraies MC, Cogswell R, Sou-
slian L, Eckman P, John R. Aortic insufficiency in continuous-
flow left ventricular assist device support patients is common but 
does not impact long-term mortality. J Heart Lung Transplant. 
2017;36:91–6.

 13. Saeed D, Westenfeld R, Maxhera B, Keymel S, Sherif A, Sadat 
N, Petrov G, Albert A, Lichtenberg A. Prevalence of de novo 
aortic valve insufficiency in patients after HeartWare VAD 
implantation with an intermittent low-speed algorithm. ASAIO 
J. 2016;62:565–70.

 14. Bhagra S, Bhagra C, Özalp F, Butt T, Ramesh BC, Parry 
G, Roysam C, Woods A, Robinson-Smith N, Wrightson N, 
MacGowan GA, Schueler S. Development of de novo aortic valve 
incompetence in patients with the continuous-flow HeartWare 
ventricular assist device. J Heart Lung Transplant. 2016;35:312–9.

 15. Rossi M, Serraino GF, Jiritano F, Renzulli A. Late de novo aor-
tic regurgitation with the Jarvik 2000 Flowmaker left ventricular 
assist device. Int J Artif Organs. 2012;35:1080–2.

 16. Nakatani T, Sase K, Oshiyama H, Akiyama M, Horie M, Nawata 
K, Nishinaka T, Tanoue Y, Toda K, Tozawa M, Yamazaki S, 
Yanase M, Ohtsu H, Ishida M, Hiramatsu A, Ishii K, Kitamura S. 
Japanese registry for mechanically assisted circulatory support: 
first report. J Heart Lung Transplant. 2017;36:1087–96.

 17. Hatano M, Kinugawa K, Shiga T, Kato N, Endo M, Hisagi M, 
Nishimura T, Yao A, Hirata Y, Kyo S, Ono M, Nagai R. Less 
frequent opening of the aortic valve and a continuous flow 
pump are risk factors for postoperative onset of aortic insuf-
ficiency in patients with a left ventricular assist device. Circ J. 
2011;75:1147–55.

 18. Soleimani B, Haouzi A, Manoskey A, Stephenson ER, El-Banay-
osy A, Pae WE. Development of aortic insufficiency in patients 
supported with continuous flow left ventricular assist devices. 
ASAIO J. 2012;58:326–9.

 19. Iizuka K, Nishinaka T, Ichihara Y, Miyamoto T, Yamazaki K. 
Outflow graft anastomosis site design could be correlated to aortic 
valve regurgitation under left ventricular assist device support. J 
Artif Organs. 2018;21:150–5.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Can the intermittent low-speed function of left ventricular assist device prevent aortic insufficiency?
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	De novo AI
	Comparison of baseline characteristics
	Comparison of operative and postoperative parameters
	Predictors of moderate or greater de novo AI
	Post-implantation outcomes

	Discussion
	Conclusion
	Acknowledgements 
	References




