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Abstract

Since the time of their invention, implantable continuous flow left ventricular assist devices (LVADs) have improved the
quality of life and extended survival for patients with advanced heart failure. The decision surgeons and their physician col-
leagues make with these patients to undergo implantation must come with full understanding of the immediate, short-term,
and long-term implications of such a life-changing procedure. The presence of pathology regarding the aortic, mitral, and
tricuspid valves introduces particularly complex problems for the surgical treatment strategy. Concomitant valve repair or
replacement increases cardiopulmonary bypass and cross clamp times, and could potentially lead to worse outcomes in the
perioperative setting. Following perioperative recovery, valvular pathology may worsen or arise de novo given the often
drastic immediate physiologic changes in blood flow, septal function, and, over time, ventricular remodeling. Over the past
two decades, there has been vast improvement in the device manufacturing, surgical techniques, and medical management
surrounding LVAD implantation. Yet, addressing concomitant valvular pathology remains a complex question with no
perfect solutions. This review aims to briefly describe the evolution of approach to valvular pathology in the LVAD patient

and offer our opinion and treatment rationale.
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Background

Mechanical circulatory support for patients with advanced
heart failure continues to evolve and improve in design
and durability with continuous-flow left ventricular assist
devices (LVADs) offering improved survival and better
quality of life [1]. With the Food and Drug Administration
approval for use as destination therapy (DT), the period for
which these devices provide support has been increasing. A
greater proportion of patients received LVAD therapy as DT
from 2017-2021 compared to 2012-2016 (66% versus 47%,
respectively) [2]. Native disease of the mitral and tricuspid
valves is more common in heart failure patients evaluated
for LVAD therapy. Aortic valves undergo significant altera-
tions in hemodynamics during and after LVAD placement,
which lead to structural changes. Native valvular heart
disease was once considered a contraindication to LVAD
implantation, particularly in regard to mechanical valves
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and risk of thromboembolism. Yet, it does not significantly
increase peri-operative risk [3]. Valve surgery at the time of
LVAD implantation is now considered common, but recent
clinical trials show that it increases patient morbidity when
compared to LVAD implantation alone.

In the International Society for Heart and Lung Trans-
plantation (ISHLT) Registry for Mechanically Assisted Sup-
port (IMACS), 12% of patients undergo a valve procedure at
the time of LVAD implantation [4]. A similar incidence of
19% was found in the European Registry for patients with
Mechanical Circulatory Support (EUROMACS) [5]. In a
study of patients undergoing HeartMate II (HMII) LVAD
implantation, 22% underwent a concomitant valvular proce-
dure (CVP). When compared to those who received HMII
alone, 30-day mortality was significantly higher in patients
undergoing CVPs (10% versus 4.8%, respectively) and even
higher in those who had two or more CVPs (14%) [6]. In the
ADVANCE bridge-to-transplant trial, 20% of patients under-
went CVP; there was no significant difference in survival
between groups but CVPs were associated with increased
unadjusted early right heart failure [7]. In patients with
HeartMate IIT (HMIII) implanted during the MOMENTUM
3 trial, 22% underwent CVP. While no difference was found
in 30-day mortality or 2-year survival, the CVP cohort was
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found to have an increased incidence of both stroke (4.9%
versus 2.4%) and right heart failure (42% versus 30%) [8].
EUROMACS data found no significant difference in 1-year
survival between groups (68% versus 66%) [5]. These data
are important to consider with the acknowledgement that
patients undergoing CVPs had higher acuity Interagency
Registry for Mechanically Assisted Circulatory Support
(INTERMACS) profiles and due to the additional procedures
were subjected to longer cardiopulmonary bypass times.

Aortic valvular disease (Table 1)

Aortic stenosis (AS) typically does not require correction
concomitantly with LVAD implantation as patients are not
dependent on antegrade flow through the aortic valve (AV).
The LVAD will decompress the left ventricle and provide
the majority of cardiac output. As the LVAD transvalvular
pressure gradient persists, this hemodynamic change may
cause worsening fusion of the AV commissures, thus
increasing the degree of AS.

LVAD implantation diverts blood flow from the left
ventricle to the aorta, increasing cardiac output in heart
failure and decreasing left ventricular pressure and wall
stress which, in turn, boost reverse remodeling and reduce
ventricular cavity size. Transvalvular pressure across the
AV is increased with an increase in pressure at the aortic
root which prolongs the diastolic period for the AV. During
periods of high LVAD support, this causes the AV to be
continuously closed [9]. With these physiological changes
come mechanical changes in leaflet deterioration, commis-
sure fusion, and aortic annulus dilation which may lead to
worsening of baseline function or new-onset AS and aortic
insufficiency (AI).

With constant exposure to high transvalvular pressure
from LVAD implantation, known Al will worsen over time,
resulting in a non-propagating loop of blood flow return-
ing from the outflow graft of the LVAD back through the
incompetent AV. The high pressure at the aortic root and
decreased pressure within the left ventricle favors retro-
grade flow across the AV into the left ventricle, reducing
left ventricular unloading and decreasing systemic perfu-
sion, increasing right ventricular afterload, and eventually
leading to recurrence of heart failure [10].

One of the largest retrospective studies between 2006 and
2016 identified on the INTERMACS registry found that 67%
(n=7362) of patients had no Al at the time of implantation,
31% had (n=3241) mild Al, and 3% (n=322) had moderate
to severe Al [10]. Within the IMACS registry, mild Al was
present in 41% and moderate to severe Al in 4.5% of patients
at the time of LVAD implantation [4, 11]. The incidence of
Al at the time of LVAD implantation has also been described
in several smaller series, together suggesting that 20-30% of

heart failure patients receiving LVAD therapy have mild Al
at baseline with 3—12% having moderate to severe Al [12,
13]. Of the 10,925 patients studied on the INTERMACS
registry who had no Al at implantation, 1399 patients devel-
oped moderate to severe Al on LVAD support. This was
also associated with higher rates of rehospitalization and
mortality up to 1 year [10]. Patients who develop moderate
to severe Al after LVAD implantation demonstrate higher
left ventricular end diastolic diameter and reduced cardiac
output. Current consensus guidelines recommend considera-
tion of surgical correction of moderate or greater Al during
LVAD implantation [14].

Aortic valvular intervention

As progression of valvular degeneration is common after
LVAD implantation, surgical replacement with bioprosthetic
AV should be considered, especially if the LVAD is placed
with the goal of ventricular recovery. Other interventions to
consider with LVAD implantation include oversewing of the
native valve or obliteration of the AV [25]. In select patients,
isolated AS is well tolerated with proper device function
within the left ventricle and some native ejection through
the AV opening may benefit patient exercise tolerance dur-
ing increased left ventricular filling [26]. Choosing to defer
AV closure also provides an outlet for cardiac output should
LVAD malfunction occur and device flow cease. Among
patients who underwent LVAD implantation with aortic
CVPs in INTERMACS between 2006 and 2012, improved
survival was found with repair or replacement compared
to valve closure, suggesting a benefit in maintaining a pat-
ent outflow tract [20]. CVPs may be accomplished through
several approaches broadly classified as valve replacement,
valve repair, or complete closure of the valve.

Valve replacement with bioprosthesis has been suggested
to be preferable for patients in which native ventricular ejec-
tion is desired. However, valve replacement is time-consum-
ing, requiring cross-clamping and cardiopulmonary bypass.
Additionally, bioprosthetic valves have been associated with
thrombosis, embolization, and complete sclerosis leading to
commissural fusion and closure [27, 28].

Percutaneous valve replacement with transcatheter aortic
valve replacement (TAVR) has emerged as a safe treatment
method in LVAD patients with reduction in morbidity and
no difference in mortality when compared with surgical
repair [29, 30], though data are currently limited regarding
route of catheterization and timing for TAVR with respect to
pre-, concomitant, or post-LVAD implantation.

Valvular repair via leaflet coaptation using a single
central Park’s stitch [31] creates a partial closure of the
AV cusps whereby preventing stasis and thrombosis in
the aortic root while still allowing blood flow through
the commissures. Although this also requires aorta
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Presence of existing mechanical aortic valve

Regarding patients who have had prior mechanical AV replace-
ment, a patch or plug closure of the left ventricular outflow
tract has been described in limited experience [36, 37], while
most groups prefer conversion of mechanical valve to a bio-
prosthetic valve.

“How we do it”

The authors advocate AV replacement with a stented bio-
prosthesis for AS that is moderate or greater and for Al that
is greater than mild in severity. The authors are also cur-
rently exploring the use of TAVR in the early post-opera-
tive setting. Should a patient have a mechanical AV, this is
replaced by a tissue bioprosthesis during LVAD implant.

Mitral valvular disease (Table 2)

Mitral stenosis impairs left ventricular filling which in turn
prevents optimal functioning of the LVAD implant. As
such, mitral valve replacement with a bioprosthetic valve
is recommended with moderate to severe mitral stenosis
and considered in any mitral valve (MV) area less than 1.5
cm? [14]. The most common valvular pathology at the time
of LVAD implantation is mitral regurgitation (MR). Mitral
valve function is closely linked to left ventricular size and
contractility, and functional MR is among the most common
etiologies of heart failure. Pathologic left ventricular remod-
eling leads to MV annular dilatation resulting in leaflet coap-
tation failure. Impaired contractility further worsens valve
closing force and leads to leaflet tethering which increases
volume loading of the left ventricle and initiates a feedback
loop of failure. Pre-implantation echocardiographic features
of posterior displacement of MV leaflets may be indicative
of post-implantation significant MR, even after ventricular
unloading under LVAD support [38].

In patients undergoing LVAD implantation, MR was
found to be severe in 23% of patients within the INTER-
MACS registry [39], moderate to severe in 57% within
the IMACS registry [4], and moderate to severe in 46% of
patients enrolled in the MOMENTUM 3 trial [40]. Typi-
cally, LVAD implantation alone functions to offload the
left ventricle, reduce pulmonary arterial pressures, and
promote reverse remodeling; thus, MR improves in the
majority of patients across all severity levels [41]. Morgan
et al. observed a significant reduction of moderate to severe
MR, from 76% pre-operatively to 8% post-LVAD implant at
1 month and 11% at 6 months [42].

When moderate to severe MR persists after implanta-
tion, the impact has thus far been inconsistent in published
reports. In INTERMACS, persistent moderate to severe MR
was present in 19% of patients at a median of 15 months

after LVAD implantation, and was associated with a higher
prevalence of right heart failure and renal failure [43]. How-
ever, of 44% patients in the MOMENTUM 3 trial with at
least moderate MR prior to implantation, persistent MR at
1 month was found in only 6.2% of patients with HMIII
and 14% of patients with HMII, and it did not significantly
worsen or impact mortality at 2 years [40]. Those with
severe baseline MR, larger left ventricular dimension, and
implantation with HMII versus HMIII were each indepen-
dently associated with increased likelihood of post-implant
persistent MR [40]. Mitral valve repair with leaflet resection,
debridement, and commissurotomy has been suggested due
to the shorter duration of the procedure compared to valve
replacement and the ability to perform repair through the
apical incision, which ultimately serves as LVAD implan-
tation site [3]. One type of MV repair is the valve leaflet
edge-to-edge repair (Alfieri stitch [44]), which anchors the
free edge of the anterior and posterior leaflets, creating a
double-orifice mitral valve [44]. The need for additional
incisions, bicaval cannulation, and prolonged cardiopulmo-
nary bypass times can be ameliorated through a transapi-
cal approach [45]. Although the edge-to-edge repair can be
safely performed, there is concern for evidence of benefit.
One study reported no difference in edge-to-edge repair vs
LVAD alone [46], while a second reported recurrent MR
in the early and mid-term [46, 47]. Success of a staged or
hybrid procedure of bioprosthetic valve insertion and bal-
loon valvulotomy through transcatheter approach has also
been reported [48].

Mitral valvular intervention

Mitral valve repair with leaflet resection, debridement, and
commissurotomy has been suggested due to the shorter dura-
tion of the procedure compared to valve replacement and the
ability to perform repair through the apical incision which
ultimately serves as LVAD implantation site [3]. One type
of MV repair is the valve leaflet edge-to-edge repair (Alfieri
stitch [44]), which anchors the free edge of the anterior and
posterior leaflets, creating a double-orifice mitral valve [44].
The need for additional incisions, bicaval cannulation, and
prolonged cardiopulmonary bypass times can be ameliorated
through a transapical approach [45]. Although the edge-to-
edge repair can be safely performed, there is concern for
evidence of benefit. One study reported no difference in
edge-to-edge repair vs LVAD alone [46], while a second
reported recurrent MR in the early and mid-term [46, 47].
Success of a staged or hybrid procedure of bioprosthetic
valve insertion and balloon valvulotomy through transcath-
eter approach has also been reported [48]. Among patients
in the INTERMACS registry with moderate to severe MR,
5.3% underwent mitral CVP at the time of LVAD implanta-
tion, 96% of whom had mitral valve repair [51]. Notably, at



Indian Journal of Thoracic and Cardiovascular Surgery (July 2023) 39 (Suppl 1):5101-5113

5106

TIT YRINMRSH [ITAH ‘TI SVeINMRSH JIWH ‘T 9RINMESH JWH ‘SOVINYALNI AT A[0LIUSA WYSLI AY ‘901ASP ISISSE TR[NOLIUSA YOI VAT ‘UONRIISINGII [RNIW 7y OATeA [eIIW AJY

(%TT SA %S¢) T80k T UTYIIA dInfrey 11edy Y31t

PISEOIOUI YIIM PAIBIDOSSE 7 < YA [BUOIOUNJ POIOLIOOU() m
[BATAINS 2IJ JUOAD

I89K | IO [BAIAINS [[BISAO UT QOUIYIP JUBOYIUSIS ON W

IIAH 0} paredwiod YA 1us)
-s1s10d JO pooyI[ayI] Pasea1dap [[IINH Y uonejuedwy m
s1e9k 7 18 [IIAH %16 ‘TINH %S 1 Ul Juasaid YA surfoseq m
IIINH %6'9 TINH %t°6
ur Juasald s1eak 7 e YA Jueoyrusis A[[eOIuI]d ‘[[eI0AQ W
IIINH %€V TIAH JO %by Ul JIN dul[osed m
dnoi3 aredax
ur juenbay ssof aIn[rey 1189y 03 9np suonezieIdsoyoy m
[01U0S Ul %67 0}
paredwos ‘dnoi3 aredar Jo 9,0 ur Juasaxd syjuow ¢ 18 YN =
sdnoi3 uoamiaq re[ruuts sAep ()¢ Je AN[eIION m
dnois YN ereIopowr uey) SSI] UBY) ASIOM
ApueoyruSIs YIA 2J0A9S-01eIOPOW SUI[OSE] JO [BAIAINS W
ML pue aseasip Areuowrnd
)M POJEIOOSSE 9IoM YA QIAIS-9)JEIOPOW (IIM SJUSNIE] m
[eATAINS 9)e[ J0 A[1es 1oedwir jou pIp juswadedar 1o Jredoy m
sampasoid AJAl JUBIWOOUOD
ym juerdur-jsod 1edk 1 je uonezijeydsoyar Juonbay sso T m
1redor ynoyim asoy) uey)
Apuanbaiy ss9 ainyrey 11eay 1y311 padofaaap syuaned pue
‘Kderory uoneunsap ur pawtograd AJoI[ a1ow aredar AT m
sainssaxd A19yre Areuownd
pue 2ouejsisar senosea Areuowrpnd aanerado-a1d 1oysmy
i sjuanred ur pawroyrad samnpasoid A A JUBIITIOOUOD) m
yjeap pue uonezifejidsoy IsIy o) W) pue ‘oIn
-[TeJ [RUAI ‘UOTIOUN] PUB 9ZIS AY 9SIOM [JIM dIn[iej J1esy
1y3u1 pasearour ‘uorsudiradAy Areuownd juasisiad yiim
parerdosse st uonejuerduw-jsod YA [enpIsar Jueoyrusis m
WL JO YA QUI[oseq QI9AIS PUB ‘UOTOUNJSAP
A ‘AAAAT PaseaIoul ‘aInjley 11edy] SIUAYdSI-Uou ‘1opuagd
orewoj ‘ofe 19FUnoA popn[our YA [BNPISAI JO SI0JOIPAI] W
uonejue[dur-jsod YA P> pey %08

PE=U TIAN

Sy =1u ‘7> YN [RUONOUNJ PIIIIIIOdU[)

et ¢ WNLNAWOW “19% = ‘TIINH

99y =u TINH

{7 =1U ‘S[ONUOD [BILIOISIH
g, =u ‘aredoy]

79 =1U ‘0JOAJS-IIBIPOIN
6 =U “Q)RISPOIN >

sIsA[eue Ans13a1 SOVIA
“JHLNI :£99F=U ‘UONUIAINUL ON
11 =u ‘yuawade[doy
Tse=u ‘nedoy
SI1=u ‘medoy

stsAeue Ans18a1 SOVINYALNI F9£8 =u

69=u

uonejuedwr QAT 0

(2200 [#S] Te e yosneq  Jotxd YA Teuonouny jo 3oedwr onsousoid oy auTwINRJ

uonejue[dwr (VAT I91je

(0202) [0F] ‘Te 10 Jemuey]  S1BAK T I8 YA JuedyTuSIs A[eoIur[d JO 19959 dy) Jen[eAr

uonejue[dwr (VAT Surnp YA 91043

(6102) [£S] ‘T8 10 oremeq 10} UOTIUQAIIUL OU sNSIdA Iredar AN Jo uostredwo))

Ade1oy) uonjeunsap se uone}

(6102) [zS] Te@ Yoy  -uerdwr (VAT I0)Je SQWOIINO U0 YA dulfaseq jo joeduy

uonejue[dwr (yAT SutoSiopun sjuaned
ur $aInpaooid A Al JUBIIWOOUOD JO SSWOIINO )eN[eA]

(8100) [16] "Te 10 uosiqoy
(L102) [0S] T8 10 BrRyMNg

(2200 [€v] T8 10 UTRr

(L102) [6v] T8 19 sssey| uonejueidw VAT 1938 WA [enpISaI JO 2ourOyIUSIS

SISy

sdnoi3 Apmg

s1oyINy saA102[q0

9seasIp AJN pue uonejuedur (AT uo Suntodar satpms A9y g 9|qel



Indian Journal of Thoracic and Cardiovascular Surgery (July 2023) 39 (Suppl 1):5101-5113 S107

3 months post-LVAD implantation, there was no significant
difference in the prevalence or degree of MR, with moderate
to severe MR seen in 20% of patients who underwent CVP
and in 25% with LVAD alone. Additionally, there was no
significant difference in survival between these groups or
among those with moderate to severe MR, compared with
none to mild MR at LVAD implantation [51]. Meta-analysis
performed by Choi et al. on outcomes of mitral CVPs for
significant baseline MR reported no significant difference
in survival with CVPs [55].

Consensus guidelines provided by the ISHLT and Ameri-
can Association for Thoracic Surgery do not recommend
routine CVP for severe MR [14]. However, more recent
data has brought about interesting concerns, including a
trend toward benefit with concomitant MR intervention in
patients who received LVAD as destination therapy. This
subgroup reported fewer rehospitalizations, particularly due
to a reduction in right heart failure [51]. Additionally, studies
have shown an improvement in quality of life and functional
status with CVP [50, 51, 53]. Regarding specifically LVAD
implantation as destination therapy and mitral CVPs, one
study reported the presence of moderate-severe MR as an
independent predictor of reduced survival at 30 days (90%
vs 100%), 1 year (63% vs 90%), and at 2 years (52% vs 83%)
when compared to those with less than moderate MR [52].
In comparison of MV repair to historical controls without
intervention, over median 18 months follow-up, rehospitali-
zations due to heart failure were 7.1% with MV repair ver-
sus 20% in the control group [53]. In subset analysis of the
INTERMACS registry, patients who received mitral CVPs
reported improved quality of life at 1 year post-implant with
fewer hospital re-admissions and trended toward higher rate
of survival at 2 years [51].

While data presented in the MOMENTUM 3 trial con-
firmed durable resolution of MR in a large proportion of
patients, opponents note the trial was not designed in a man-
ner appropriate to power evaluation of mortality differences,
especially in the small cohort of patients with persistent MR
who underwent subset analysis. Kassis et al. reported that
persistent MR is associated with significantly larger right
ventricular size, worse right ventricular function, and higher
pulmonary arterial pressures, resulting in shorter time to first
hospitalization and death [49].

Younger age, female gender, non-ischemic heart fail-
ure, increased left ventricular end diastolic diameter, right
ventricular dysfunction, elevated right heart pressures, and
severe MR or tricuspid regurgitation (TR) at the time of
LVAD implantation have all been implicated as predictors of
persistent MR. When present while on LVAD support, MR
is associated with increased renal failure, almost twofold
increase in right heart failure, and a trend toward increased
mortality [43, 54]. One study also identified patients with
persistent atrial fibrillation and larger atrial dimensions were

less likely to have reduction in MR with LVAD implantation
and had worse 2-year survival [56].

Presence of existing mitral valve prosthesis

Consensus guidelines do not recommend routine replace-
ment of a properly functioning mechanical or bioprosthetic
mitral valve at LVAD implantation. Flow across the mitral
valve typically improves post-operatively; therefore, risk of
thrombus formation and subsequent embolic event is thought
to be low [4, 57].

“How we do it”

The authors recommend replacing the mitral valve with a
tissue bioprosthesis for moderate or greater mitral stenosis.
The authors also agree that careful consideration to mitral
valve repair or replacement should be given in cases with
moderate or greater mitral regurgitation. Reduction in risk
of persistent MR after LVAD implantation may be achieved
through appropriate inflow cannula alignment with the
septum, hemodynamic optimization through selection of
the pump speed most likely to reduce pulmonary capillary
wedge pressures with maximized mechanical unloading, and
guideline-directed heart failure medical therapy. However,
in the authors’ practice, if a patient is getting the LVAD as
destination therapy, is younger in age (< 65 years), and has a
dilated ventricle (> 6.5 cm), there is a low threshold to repair
or replace the mitral valve for moderate or greater MR.

Tricuspid valvular disease (Table 3)

TR is also common in patients undergoing evaluation for
LVAD implantation. Twelve percent of patients presented
with severe TR at baseline in the INTERMACS registry [39]
while 41% and 32% presented with moderate to severe TR
in the IMACS [4] and EUROMACS registries, respectively
[58]. Left ventricular systolic dysfunction or valvular pathol-
ogy lead to pulmonary hypertension and consequential right
ventricular remodeling. Change in ventricular dimensions
may lead to tricuspid annulus dilatation and leaflet tether-
ing resulting in functional TR. Subsequent increase in right
ventricular preload worsens the degree of TR. Impairment
of tricuspid leaflet coaptation may also be seen with implant-
able cardiac device leads crossing the valve area, which is
common in patients with chronic heart failure [59].

LVAD function has the ability to unload the right ven-
tricle and improve ventricular function as evidenced by a
reduction in right ventricular end-diastolic dimension and
TR as well as an increase in right ventricular ejection frac-
tion, stroke work index, and tricuspid annular plane systolic
excursion [60]. The decreased pulmonary vascular resist-
ance and right ventricular afterload lead to right ventricular
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remodeling, regression of tricuspid valvular annulus dila-
tion, and subsequent resolution of functional TR.

Within the EUROMACS registry, uncorrected TR dimin-
ished after LVAD implantation, with a decrease of mod-
erate-severe TR to none-mild TR seen in 65% of patients
immediately post-LVAD implantation regardless of baseline
right ventricular failure or pulmonary hypertension [58].
Other studies have noted similar results [61]. In one study
of patients with uncorrected TR over longer follow-up of
at least 1 year, significant persistent TR was found in 24%
of patients and associated with age, preoperative tricuspid
annular diameter, and residual MR. During mean follow-up
of 21 months, patients with residual TR >20% had signifi-
cantly higher risk of mortality compared to those without
(adjusted hazard ratio [HR] 4.0, p <0.001) [62].

Pulmonary vascular resistance may remain elevated fol-
lowing LVAD implantation secondary to chronic pulmonary
vascular remodeling, further contributing to right ventricular
failure with increased right ventricular preload but without
the expected reduction in afterload following implantation.
Right ventricular contractility may also be compromised
with leftward shift of the septum, decreasing the contribu-
tion of septal contraction and worsening TR with further
dilation of the tricuspid valve annulus [60].

Tricuspid valvular intervention

Current guidelines advocate for the consideration of tricus-
pid CVPs if moderate to severe TR is present. A subset of
patients that may benefit from tricuspid CVPs in those with
less than moderate to severe TR include patients with pre-
existing atrial fibrillation. Anwer et al. found a significant
increase in early progression of TR after LVAD implantation
in patients with atrial fibrillation, suggesting benefit of CVP
in those with less than severe TR [67].

However, patients would not necessarily benefit from the
additional procedure as TR may resolve with LVAD implan-
tation alone. Among patients with moderate to severe TR in
the INTERMACS registry, 17% underwent CVPs. Overall,
tricuspid CVP was associated with slightly decreased sur-
vival (HR1.13) and significantly higher likelihood of stroke,
bleeding, and arrhythmia [64]. In a propensity-matched
study of patients within the EUROMACS registry, tricus-
pid CVPs had no significant difference in rehospitalization
rate, right heart failure, or survival after LVAD implanta-
tion. Additionally, no difference was found in the prevalence
of moderate to severe TR between patients who underwent
intervention versus LVAD alone at 1 year [68].

Another single-center retrospective study showed that
patients with moderate to severe TR at LVAD implantation
receiving tricuspid CVPs had significantly increased risk
of post-operative right heart failure and renal failure. No
association with improved overall survival was found when

compared to those who did not undergo a tricuspid CVP
[69].

A recent prospective randomized controlled trial (Treat-
ment of Tricuspid Valve Regurgitation in Patients Undergo-
ing Left Ventricular Assist Device Implantation [TVVAD],
NCT 03775759) studied patients with primary endpoint of
incidence of right heart failure at 6 months, and assigned
patients to tricuspid valve annuloplasty or replacement ver-
sus no intervention. The authors reported success in reduc-
tion of post-implantation TR, but no significant difference
was seen in the primary or secondary endpoints including
all-cause mortality and requirement for right ventricular
assist device. The trial ended after enrollment of 60 patients
due to futility in care [66].

Notably, CVP with ring annuloplasty has been shown to
result in repair failure of 38%, defined as moderate to severe
TR on post-procedure echocardiography. On intermediate
follow-up, repair failure was independently associated with
late onset right heart failure [65]. In a similar retrospective
analysis of patients undergoing both ring annuloplasty and
DeVega suture annuloplasty, repair failure occurred in 30%
of patients with a trend toward lower rate of TR in the suture
annuloplasty group [70]. In a smaller analysis of suture
annuloplasty, 8.6% of patients had residual moderate TR at
discharge and 17% had moderate to severe TR at 1 year [71].

“How we do it”

The authors agree that consideration should be given to
repair moderate or greater TR with the intent to optimize
right ventricular function, especially in the context of
patients with pre-existing pulmonary hypertension. Our
practice is to perform repair with suture or ring annuloplasty,
as this does not significantly prolong time on cardiopulmo-
nary bypass, can be performed without cross-clamping, and
may improve right ventricular function post-operatively.

Multiple valvular pathologies

Pathologic deterioration of multiple valves is common in
advanced heart failure, especially in patients undergoing
evaluation for LVAD implantation. Limited studies are avail-
able for review and discussion to guide treatment pathways,
but increasingly long cross clamp time and cardiopulmonary
bypass are detrimental in this patient population (Table 4).
The MOMENTUM 3 trial provides the largest cohort of
patients (n=_85) who had multiple valvular procedures dur-
ing HMIII LVAD implantation. Patients undergoing a CVP
had higher acuity INTERMACS profiles (score 1-2: 41%
CVP vs 31% no valvular procedure, p <0.05) and signifi-
cantly increased cardiopulmonary bypass time (124 min vs
76 min, respectively, p <0.0001). These patients encoun-
tered a higher incidence of short-term adverse events
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including stroke (4.9% vs 2.4%, respectively), bleeding (34%
vs 24%, respectively), infection (28 vs 20%, respectively),
and right heart failure (42% vs 30%, respectively) at 30 days
(all p<0.01). Additionally, no difference between groups
was found in 30-day mortality (3.9% vs 3.3%, respectively)
or 2-year survival (82% vs 81%, respectively) [8]. At 2-year
follow-up, there was a less pronounced, but still significantly
higher incidence of bleeding (53% vs 47%, p=0.03) and
right heart failure (44% vs 33%, p <0.001) in the valvular
procedure group, but again no difference in mortality (81%
vs 82%, p=0.87) [8]. Other smaller studies also report no
significant difference in mortality between groups [72, 73].

“How we do it”

increased stroke, bleeding, and right heart failure up

to 30 days

m No significant difference in survival among groups
regardless of procedure, device type, or indication
for implant

m Mortality associated with increased age, baseline

creatinine, cardiopulmonary bypass time, and

decreased body mass index
m No significant difference in mortality found between

= Concomitant valve procedures associated with
groups up to 2 years

Results

The authors agree that longer bypass and cross clamp times
may be detrimental in this already sick patient popula-
tion. However, to have the best surgical outcome from the
LVAD operation, it is imperative that valvular pathologies
be addressed, if need be. In patients with multiple valvular
pathologies, each valve is given consideration as an inde-
pendent entity and addressed accordingly. It is our recom-
mendation that, in these patients, it is essential that the sur-
gical planning and implementation is precise to a fault and
each valve is addressed on their own independent merit.

398
495

=26
62
=29
325
=85

Discussion

No valve procedures, n=1380; MOMENTUM 3 trial
analysis

No valve procedures, n

No valve procedures, n
Single, n

Single, n=190
Single, n

Study groups
Multiple, n

Multiple, n
Multiple, n

Over the past two decades, there has been significant evo-
lution in the technology of mechanical circulatory support
with left ventricular assist devices now in their third gen-
eration of long-term continuous flow support. There seems
to be a trend toward significant improvement in mortality
risk associated with later generation devices in patients
who undergo CVPs. Early studies reported 30 day mortal-
ity rates as high as 25% in HMII plus AV procedure [74],
and later on 14% in patients with HMII plus two or more
valvular procedures, and subsequently in HMII with mitral
(12%), aortic (11%), or tricuspid (8.9%) alone [6]. Yet, more
recent studies noted comparable survival between groups
and elucidated predictors of mortality including age, car-
diopulmonary bypass time, and baseline renal function [73].
Data from the MOMENTUM 3 trial found the HMIII to
demonstrate higher efficiency hemodynamic unloading of
clinical significant MR, with no influence of uncorrected
baseline or residual MR on outcomes 2 years after implanta-
tion [40]. Furthermore, HMIII implantation and CVPs noted
no difference in mortality at 30 days or 2 years, regardless
of significantly worse INTERMACS profile and longer car-
diopulmonary bypass time in the valvular procedure group
[8]. The investigators of this pivotal trial suggest consid-
eration of a randomized trial to assess CVPs during LVAD

Maltais et al. [73] (2016)
Sugiura et al. [72] (2019)

John et al. [8] (2022)

Authors

Table 4 Key studies reporting on LVAD implantation and multiple valvular disease

multiple valves, or no valve procedures at the time

Examine the impact of performing single valve,
of LVAD implantation

LVAD left ventricular assist device

Objectives
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implantation, and the authors of this manuscript agree in
conjunction with transcatheter-based procedures.

Based on these findings, a growing body of literature has
developed to influence decisions on which patients may benefit
from CVPs. While concomitant procedures expose patients
to short-term morbidity including stroke, bleeding, and right
heart failure, no mortality difference has been assessed and
CVPs are associated with benefits in terms of reduced hospital
readmission and improved quality of life in select patients.
The patients who need valvular repair are typically more sick
at baseline, as many of the studies report a higher acuity in
INTERMACS profile. In the increasing group of patients
undergoing LVAD implantation as destination therapy, the
short-term risk in morbidity may be worth a more aggressive
stance in valvular correction to attain an increased likelihood
of long-term survival. Whether patients benefit from higher
risk implantation with CVPs may only be decided with addi-
tional randomized, prospective, and longer term study of spe-
cific cohorts, particularly in the destination therapy population.

Conclusion

Concomitant surgical intervention for valvular pathology at the
time of LVAD implantation may expose the patient to higher
cardiopulmonary bypass and cross clamp times and in turn to
a higher risk of peri-operative morbidity and mortality. Yet, it
seems that more contemporary studies support CVPs during
LVAD implantation, especially as more long-term data emerges.
Further research in larger cohorts with longer term follow-up
is needed to provide answers for individualized evidence-based
treatment strategies. Research regarding standardization of surgi-
cal techniques for addressing concomitant valvular pathologies
may be interesting areas needing investigation, especially for
patients who receive LVAD implantation as destination therapy.
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