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EDITORIAL COMMENT

Dealing With Unintended Consequences
Continuous-Flow LVADs and Aortic Insufﬁciency*
James C. Fang, MD, Omar Wever-Pinzon, MD

O

ver the last decade, left ventricular assist

Eventually,

the

regurgitant

volume

prevents

devices (LVADs) have assumed an increas-

adequate LV unloading, and LV end-diastolic pres-

ingly important role in the management of

sure will rise. In addition, forward cardiac output is

patients with advanced heart failure (1). There are

compromised by an endless loop situation in which

now more than 20,000 implants worldwide, and

blood circulates through the LVAD into the ascending

support times have even exceeded 10 years in individ-

aorta but then back into the LV through the incom-

ual cases. In transplant-ineligible patients, LVADs

petent aortic valve, then back through the LVAD, and

have dramatically improved survival and now provide

so on. If the regurgitant volume is great enough,

a practical therapeutic option for these patients; desti-

heart failure symptoms develop. At that point, LVAD

nation therapy (or “permanent” implantation) now

speed modulation or aortic valve interventions are

represents 42% of the total implants in the United

considered; urgent transplantation may even be

States (1). In addition, there is growing interest in the

entertained (5).

use of LVADs to facilitate myocardial recovery such
that device explantation can now be considered (2).
Mechanical circulatory support, however, pro-

Accurate assessment of AI, however, is a challenge,
even in the non–LVAD-supported patient. The lack
of a true gold standard technique for comparison

duces marked alterations in normal physiology,

ampliﬁes this difﬁculty. Invasive measures of regur-

leading to unanticipated adverse effects, particularly

gitant fraction or volume rely on complex calcu-

in nonpulsatile, continuous-ﬂow (cf) LVADs. Aortic

lations and assumptions that may not hold true in

insufﬁciency (AI) is one of those unforeseen compli-

cf-LVAD patients, in whom native circulation has

cations. Approximately one-third of patients will

been altered to provide continuous ﬂow between the

develop at least mild to moderate AI (using tradi-

ventricular apex and the ascending aorta, while

tional methods of assessing AI) after a median of 6

simultaneously the native heart function is providing

months (3). The etiology of cf-LVAD–associated AI is

intermittent pulsatile ﬂow through the aortic valve

due to several factors (Figure 1), including reduced

into the aortic root. As one can imagine, uncertainty

valve opening, altered blood ﬂow dynamics, pan-

exists

cyclic transvalvular gradients, high shear stress,

approach to assess AI in such a disrupted circulation.

about

the

most

appropriate

diagnostic

and leaﬂet malcoaptation. These processes promote

The American Society of Echocardiography (ASE)

leaﬂet fusion, valve degeneration, and aortic wall

has deﬁned guidelines for measuring and categorizing

remodeling, which ultimately lead to AI (4,5). These

AI severity. However, these deﬁnitions are likely not

functional and anatomic changes take their toll over

applicable during cf-LVAD support because contin-

time; 15% of patients will eventually experience

uous unloading generates a reverse transvalvular

moderate to severe AI (5), which can limit the

gradient that reduces aortic valve opening and results

“durability” of LVAD therapy.

in continuous (systolic and diastolic) AI if the valve is
incompetent. The magnitude of the reverse transvalvular gradient and degree of AI in the cardiac cycle
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previous reports of AI in cf-LVADs, which have used
traditional ASE criteria, difﬁcult to interpret.
In this issue of iJACC, Grinstein et al. (6) provide
an elegant evaluation of traditional and novel
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parameters to assess AI severity in cf-LVAD patients
and, importantly, also correlate it with LV ﬁlling

F I G U R E 1 Mechanisms Responsible for the Development of AI in Patients

on cf-LVAD Support

pressures as a measure of heart failure. Twenty
patients with different degrees of AI (7 patients
without AI) were prospectively enrolled and underwent simultaneous right heart catheterization and
echocardiographic evaluation. Two traditional echocardiographic measures of AI, the vena contracta
and visual estimation, were compared with 2 novel
echocardiographic parameters, LVAD outﬂow cannula

diastolic

acceleration

and

LVAD

outﬂow

SEE PAGE 641

cannula

systolic-to-diastolic

velocity

ratio.

The

regurgitant fraction was cleverly obtained by subtracting the right-sided cardiac output obtained at
catheterization from the total left-sided ﬂow, summed from the LVAD cannula outﬂow and aortic valve
ﬂow (obtained from echocardiography). Imaging of
the LVAD outﬂow cannula to measure LVAD ﬂow was
feasible in most but not all patients. These parameters were correlated with each other and with the
invasively determined pulmonary capillary wedge
pressure (PCWP). The performance of the novel pa-

AI ¼ aortic insufﬁciency; AV ¼ aortic valve; cf-LVAD ¼ continuous-ﬂow left ventricular
assist device; PG ¼ pressure gradient.

rameters was also evaluated under different loading
conditions in 5 patients with the use of a ramp
protocol.

prospective, the study involved 20 patients, of whom

A number of relevant observations were made:

only 13 had AI. Moreover, regurgitant fraction could

1) the vena contracta method underestimated and

not be determined for all of the patients (i.e., 75%).

poorly correlated with the PCWP; 2) the LVAD

Second, the exclusive enrollment of HeartMate II

outﬂow cannula systolic-to-diastolic velocity ratio

LVAD patients limit the extrapolation of these data to

ﬁlling

patients supported by different devices. In particular,

pressures at rest and under different loading condi-

centrifugal LVADs are more sensitive to changes in

tions (i.e., ramp test); 3) the regurgitant fraction

afterload because they operate on a ﬂat H/Q curve

provided

the

best

correlation

with

LV

was strongly correlated with LV ﬁlling pressures;

(pressure head vs. ﬂow) and provide greater LV

and 4) the LVAD outﬂow cannula diastolic accelera-

unloading during systole in contrast to the greater

tion had a modest correlation with LV ﬁlling

unloading during diastole with axial ﬂow pumps.

pressures.

Moreover, centrifugal pumps demonstrate different

What are the implications of these ﬁndings? First,

ﬂow mechanics when the aortic valve is in closed

these data substantiated that traditional echocar-

versus open position, compared with the axial ﬂow

diographic parameters to assess AI severity do not

of the HeartMate II (7). Third, the determination of

reﬂect meaningful hemodynamic consequences and

regurgitant fraction also required an invasive proce-

should be reconsidered for use in clinical practice. Of

dure for the estimation of cardiac output by the

note, the visual estimation method did seem to

assumed Fick method, which on its own has limita-

correlate well with the regurgitant fraction, but cor-

tions. Ideally, all of the information required for the

relation with PCWP was unclear. Second, the strong

estimation of the regurgitant fraction would be

correlation of LVAD outﬂow cannula systolic-to-

obtainable by echocardiography. Validation of non-

diastolic velocity ratio and the regurgitant fraction

invasively derived forward cardiac output in cf-LVAD

with the PCWP suggests that these measures could

patients will be required in future studies.

be used to assess AI severity in cf-LVAD patients,
although thresholds for

concern

remain

to

be

determined.

The

noninvasiveness

and

strong

correlation

between the PCWP and the LVAD outﬂow cannula
systolic-to-diastolic velocity ratio make this param-

There are limitations to this work that need to be

eter attractive to incorporate into routine clinical

considered. First, although carefully conducted and

practice. However, further experience is needed to
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determine the effects of outﬂow cannula–related

In summary, this study established that traditional

(e.g., positioning and kinking) and patient-related

measures of AI are inadequate and new measures

factors (e.g., heart rate, systemic vascular resis-

(LVAD outﬂow cannula systolic-to-diastolic velocity

tance, aortic root size, changes in contractility) on

ratio and regurgitant fraction) better reﬂect the

this measurement. Patients in this cohort were also

degree of AI and its consequences. However, this

relatively young (in their 50s), and it is uncertain how

study may ultimately be a reminder that perhaps

aging and vascular remodeling, not uncommon in

human circulation was not meant to be continuous;

destination therapy patients, could affect the perfor-

unintended consequences should not be a surprise

mance of these parameters. In addition, the routine

when an evolutionarily designed pulsatile system is

ability of varied sonographers to obtain these echo-

asked to become continuous.

cardiographic windows and ﬂows remains unclear.
Lastly, the goal of any diagnostic test is to impact
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