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Abstract

Introduction Patients suffering from advanced heart failure may undergo left ventricular assist device (LVAD) placement
as a bridge to cardiac transplantation. However, those with a BMI above 35 kg/m? are generally not considered eligible for
transplant due to their elevated cardiac risk. We review our experience with bariatric surgery in this high-risk population to
assess its safety and efficacy in reducing BMI to permit cardiac transplantation.

Methods We retrospectively reviewed all patients on durable LVAD support who underwent sleeve gastrectomy (SG) at
Mount Sinai Hospital between August 2018 and December 2022. Electronic medical records were reviewed to analyze patient
demographics, surgical details, and outcomes regarding weight loss and heart transplantation.

Results We identified twelve LVAD patients who underwent SG. Three were performed laparoscopically and 9 via robotic
approach. Four patients (33.3%) underwent an orthotopic heart transplant (OHTx). Half of these patients were female. For
patients who underwent OHTx, mean age at LVAD placement was 41.0 (R30.6-52.2), at SG was 43.9 (R32.7-55.0) and at
OHTx was 45.3 years (R33.3-56.8). Mean BMI increased from 38.8 at LVAD placement to 42.5 prior to SG. Mean time
from SG to OHTx was 17.9 months (R6-7-27.5) during which BMI decreased to mean 32.8 at the time of OHTx. At most
recent follow-up, mean BMI was 31.9. All patients were anticoagulated prior to surgery; one required return to the operat-
ing room on post-operative day 1 after SG for bleeding and one was re-admitted on post-operative day 7 for hematochezia
treated conservatively.

Conclusion SG is a safe and effective operation in patients with severe obesity and heart failure requiring an LVAD. 66.7% of
our cohort achieved target BMI < 35 and 33.3% underwent heart transplantation. Longer term follow-up is needed to clarify
full bridge-to-transplant rate and long-term survival outcomes.
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Graphical abstract

Sleeve gastrectomy facilitates weight loss and permits

cardiac transplantation in patients with severe obesity and
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Problem

Robotic SG port placement

Driveline
trajectory
marked out by
ultrasound

Liver
retractor

Obese patients with a left ventricular
assist device (LVAD) and BMI >35 are not
eligible for heart transplant

Methods

Retrospective review of morbidly obese
LVAD patients who underwent sleeve
gastrectomy at Mount Sinai

Driveline

12mm  gr gmm  8mm

Tsai C et al
SAGES 2023

Results

12 obese LVAD patients underwent SG

- 3 laparoscopic, 9 robotic

8 patients reached target BMI<35
during study (66.7%)

4 patients received cardiac
“ transplantation (33.3%)

o
14

' One return to OR for staple line bleed

18-20cm

Conclusion

Sleeve gastrectomy is safe and
effective in treating morbidly obese
LVAD patients and can bridge patients
to cardiac transplantation
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The number of morbidly obese patients in the United States
and the world continues to rise along with a concomitant rise
in cardiovascular disease. Those with severe obesity-related
comorbidities such as advanced heart failure are particularly
challenging to manage. The increased metabolic demands
and stroke volume of obesity cause structural and functional
changes to the heart such as left ventricular dilation, mus-
cle hypertrophy, and atrial enlargement, contributing to the
development of heart failure [1]. The definitive treatment for
end-stage heart failure is cardiac transplantation. However,
given the scarcity of organs, increased complications, and
increased mortality rates in patients with higher BMI, those
with body mass index (BMI)> 35 kg/m? are generally not
considered for cardiac transplantation [2—4].

Mechanical circulatory support with a left ventricular
assist device (LVAD) is used as a bridge to cardiac trans-
plantation [5]. However, these patients continue to have
poor functional status and exercise tolerance, making con-
servative weight loss management difficult [6]. Several stud-
ies show that patients gain weight after LVAD implanta-
tion [7-9]. Bariatric surgery has emerged as an important
approach to weight loss in this population, allowing for the
possibility of improved cardiac function and qualification
for cardiac transplantation [7]. There is an increasing body
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of evidence supporting the safety and feasibility of bariatric
surgery in patients on LVAD support but publications are
limited to a handful of case reports [8, 10-18] and small
series of patients [7, 19-31]. We review our experience with
bariatric surgery, specifically minimally invasive sleeve gas-
trectomy (SG) in this high-risk patient population to assess
its safety and efficacy in reducing BMI to permit cardiac
transplantation.

Materials and methods

This is a case series done at a single academic institution,
Mount Sinai Hospital, in New York City. After obtaining
approval from the Mount Sinai Institutional Review Board,
we reviewed patients on LVAD support who underwent bar-
iatric surgery between August 2018 and December 2022.
Electronic medical records were reviewed to analyze patient
demographics, operative details, and outcomes regarding
surgical details, weight loss and heart transplantation.
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Patient selection

Patients followed in the Mount Sinai LVAD program who
are stable on device support but remain severely obese
despite usual interventions are referred to the bariatric sur-
gical center for evaluation. The bariatric work-up process
for these patients does not differ from that of other patients
evaluated at the bariatric surgical center. Nutrition and psy-
chiatric evaluation, as well as relevant bloodwork, proce-
dures, and imaging are performed as appropriate. Cardiac
evaluation and optimization are performed by the LVAD
team.

Perioperative management

At our institution, patients on LVAD support are typically
maintained on warfarin with a goal INR between 2 and 3.
Once a surgery date is scheduled, warfarin is held 5 days
prior to surgery. Patients are admitted 2 days prior to surgery
for medical optimization and anticoagulation bridging as
determined by the heart failure team, with a goal INR of less
than 1.6 at time of surgery. Ultrasound is used to identify
the subcutaneous course of the driveline and it is marked on
the skin with an indelible marker. The cardiac anesthesia
team assesses the patient prior to surgery and designate an
appropriate anesthesia team for the operation. Additionally,
a LVAD-trained provider accompanies the patient for the
duration of the surgery.

Post-operatively, the patients are admitted to one of our
LVAD-trained cardiovascular intensive care units. Antico-
agulation is resumed when deemed appropriate by the LVAD
and surgical team; in general we start warfarin at home dose
on post-operative day 0 without a heparin bridge. When ICU
level care is no longer needed patients are transferred to an
LVAD-trained floor. Patients are started on a bariatric clear
liquid diet immediately after surgery. If tolerated, they are
advanced to a bariatric pureed diet on postoperative day 1.
Post-operative swallow study is not done routinely. Patients
are discharged once deemed appropriate by the surgical and
LVAD teams with appropriate follow up.

Follow-up

The patients are followed closely in the bariatric surgery
clinic at 2 weeks, 4 months, 8 months, and 12 months after
surgery, then annually thereafter with appropriate weight
documentation and bloodwork. The patients are followed
by an interdisciplinary team of surgeons, nutritionists, and
nurse practitioners.

Patients are typically seen within 1-2 weeks follow-
ing surgery in the LVAD clinic. Close attention is paid to
their volume status and need for medication titration, par-
ticularly antihypertensives and diuretics. Once their BMI

is consistently < 35 kg/m? and they are otherwise felt to be
acceptable transplant candidates, patients are presented to
the transplant listing committee.

Surgical technique

Patients receive pre-operative antibiotics and 5,000 Units
of subcutaneous heparin prior to surgery. The trajectory of
the subcutaneous portion of the LVAD driveline along the
patient’s right abdomen has been previously marked out
under ultrasound guidance, but ultrasound is kept available
in the operating room if clarification of the driveline path
is required. SG are performed using the minimally invasive
approach. Figure 1 shows the trocar and Nathanson liver
retractor placement for laparoscopic and robotic approaches;
special care is taken to avoid damage to the LVAD driveline
during insertion. After dividing the short gastric vessels with
an advanced bipolar energy device, SG is performed using
linear staples applied starting 5 cm proximal to the pylorus.
We routinely use linear staple cartridges with built-in rein-
forcement strips with the goal of enhancing hemostasis
(Medtronic Endo GIA with TRS, Medtronic, Minneapolis,
MN). Robotic staple line reinforcement strips were not avail-
able at our institution during the study period. Calibration
of the sleeve is obtained using a 40 French disposable oro-
gastric tube. An upper endoscopy is routinely performed to
evaluate the staple line and to perform an air leak test. The
staple line is carefully inspected and 5 mm titanium clips are
applied for hemostasis as needed.

Results

Twelve LVAD patients who underwent bariatric surgery
were identified. All patients underwent minimally inva-
sive SG, the first 3 performed laparoscopically and the
subsequent nine via robotic approach. Patient demograph-
ics can be found in Table 1. Five (41.6%) of these patients
were male. Mean age at the time of LVAD placement was
43.9 years (range 25-57.8). Mean age at time of SG was
46.8 years (range 29-61.8). The LVAD devices were Heart-
ware HVAD (n=1), Heartmate 2 (n=3), or Heartmate 3
(n=28). Four patients (33.3%) from this cohort subsequently
underwent an orthotopic heart transplant (OHTx). Half of
these patients were female, half were male. For patients
who underwent OHTx, mean age at LVAD placement was
41.0 years (range 30.6-52.2), at SG was 43.9 years (range
32.7-55) and at OHTx was 45.3 years (range 33.3-56.8).
Table 2 shows the outcomes after LVAD placement, SG,
and OHTx. Mean time from LVAD placement to SG was
35.3 months (range 5.3-72.8). Of the four patients who sub-
sequently underwent OHTX, mean time from SG to OHTx
was 17.9 months (range 6.7-27.5). Mean BMI at the time of

@ Springer



8658 Surgical Endoscopy (2023) 37:8655-8662

Sleeve gastrectomy port placement

Robotic

» N

Laparoscopic

» N

LVAD

Driveline trajectory Driveline trajectory

marked out by Liver retractor | § marked out by Lverretiactor |
ultrasound e ultrasound T~ _\7
4 |4
’ v
’ -

- - -
oo o Smm oD e '
= — i
— Smm
15mm -
Smm

Driveline—__

. —Tshl
/w[lw/”

Fig. 1 Port placement for laparoscopic compared to robotic sleeve gastrectomy in a patient with a left ventricular assist device (LVAD)

Table 1 Patient demographics Demographic All patients (n=12) LVAD+SG+OHTx (n=4)

Age
At LVAD 43.9 (25-57.8) 41.0 (30.6-52.2)
At SG 46.8 (29-61.8) 43.9 (32.7-55.0)
OHTx 45.3 (33.3-56.8)
Sex
Male 5 (41.6%) 2 (50%)
Female 7 (58.3%) 2 (50%)
Comorbidities
Hypertension 11 (91.7%) 3(75%)
Hyperlipidemia 7 (58.3%) 1(25%)
Diabetes 9 (9%) 2 (50%)
Obstructive sleep apnea 10 (83.3%) 4 (100%)
Reflux 5 (41.7%) 2 (50%)
LVAD type
Heartware HVAD 1(8.3%) 1(25%)
Heartmate 2 3(25%) 1(25%)
Heartmate 3 8 (66.7%) 2 (50%)

LVAD left ventricular assist device, SG sleeve gastrectomy, OHTx orthotopic heart transplant, Mean (range)

LVAD placement was 40.2 (range 30.4—-52.7). Mean BMI at
time of SG was increased to 43.1 (range 35.4-52.9). Mean
BMI at time of OHTx decreased to 32.8 (range 31.0-37.0).
Mean follow-up time was 18.4 months (range 3-55.4). Post-
operatively, one patient was readmitted on postoperative day

7 for hematochezia and hypovolemia treated conservatively.
Another patient was taken back to the operating room on
postoperative day 1 for bleeding from the staple line. There
were no deaths within 1 year after SG.
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Table 2 Post-operative
outcomes

Outcomes

All patients (n=12) LVAD+SG+OHTx (n=4)

Months between operations

LVAD to SG

SG to OHTx

Total LVAD to OHTx
BMI (kg/m2)

At LVAD

At SG

At OHTx

At most recent follow-up
% total weight loss

At OHTx

At most recent follow-up

LOS after SG (days)
Complications

30-day readmission

Return to OR (bleeding)

Wound infection

Deep vein thrombosis
Survival (after SG)

30-day

1 year

Follow-up duration (mo)

Transplant eligible

35.3(5.3-72.8) 34.4 (24.7-54.4)
17.9 (6.7-27.5)

52.3(31.6-81.9)

40.2 (30.4-52.7)
43.1 (35.4-52.9)

38.8 (30.4-49.2)
42.5 (40.2-47.0)
32.8 (31.0-35.8)
33.1(23.8-47.5) 31.9 (29.8-37.0)
28.4 (21.5-34.3)
30.5 (19.1-36.5)
4.8 (2-7)

26.3 (11.8-43.1)
4.2 (2-7)

1(8.3%)
1(8.3%)
0 (0%)
0 (0%)

12 (100%)
12 (100%)
18.4 (3-55.4)
8 (66.7%)

4 (100%)
4 (100%)
37.2(17.6 - 55.4)

LVAD left ventricular assist device, SG sleeve gastrectomy, OHTx orthotopic heart transplant, Mean (range)

By the end of the study period, 8 (66.7%) of the patients
reached target BMI for transplantation of less than 35. Tar-
get BMI was reached a mean of 6.4 months after SG (range
2 weeks—23.1 months). Four of these patients received suc-
cessful heart transplants, two are currently listed and await-
ing heart transplants, and the remaining two are undergoing
optimization of comorbidities such as pulmonary hyperten-
sion. Figure 2 shows the BMI trends for all patients. Most
LVAD patients gained weight after LVAD implantation.
Mean BMI was lowest at 8§ months after SG.

Discussion

Our results show that SG in patients on LVAD support is
safe and feasible, and adds to the body of knowledge in sup-
port of bariatric surgery as a bridge toward cardiac trans-
plantation in this high-risk patient population. Consistent
with findings from literature, our results show that with-
out intervention patients tend to gain weight after LVAD
implantation [7-9], highlighting the importance of bariat-
ric surgery. Our results showed that SG successfully aided
patients in weight loss toward the goal of target BMI eligible
for cardiac transplantation, with durable reduction in BMI
one year after SG.

BMI trends
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Fig.2 BMI trends after left ventricular assist device (LVAD) place-
ment and after sleeve gastrectomy (SG)

LVAD hemodynamic support is an excellent option for
patients who have absolute or relative contraindications
for heart transplant such as elevated pulmonary vascular
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resistance or an elevated BMI. These devices, while life-
saving, can cause significant complications. The MOMEN-
TUM trial compared the latest generation of continuous flow
LVAD (HeartMate 3) with an axial flow pump (Heartmate
2) [32]. Five-year outcomes of this trial showed a signifi-
cantly higher incidence of the primary outcome (survival
to transplant, recovery or LVAD support free of debilitating
stroke or reoperation to replace the pump) in the group that
received the magnetically levitated centrifugal flow pump
(HeartMate 3). The most common complications of LVAD
support were major infection and bleeding (mostly gastroin-
testinal bleeding). Other hemocompatibility-related events
such as device thrombosis and stroke were very rare [33].

Patients with advanced heart disease can develop cardiac
cachexia. This is often reversed after patients are placed on
LVAD support. Frequently, substantial weight gain is seen
in patients after their critical cardiac illness has been stabi-
lized on LVAD support. This issue often leads to worsening
of their diabetes and metabolic control and patients being
unable to be listed for transplant.

There is a growing body of literature documenting the
safety and feasibility of bariatric surgery in LVAD patients.
Several case studies [8, 10-12, 14-18] and case series [7,
19-31] ranging from 3 to 22 patients show successful weight
reduction after bariatric surgery and up to 45.5% of the
study cohorts successfully bridged to heart transplant. Four
patients (33.3%) from our cohort were successfully bridged
to a cardiac transplantation. With longer follow-up times
for the later patients in the study, the true potential could
be higher. During our study period eight patients (66.7%)
reached a target BMI of < 35.

Even for patients who have not yet received a cardiac
transplant or have not reached target BMI, bariatric sur-
gery provides benefits for LVAD patients owing to its role
in weight reduction and improvement in cardiac function.
Several studies looking at the ejection fractions of LVAD
patients after bariatric surgery show improvement in cardiac
function [14, 18, 23, 24], some even to a point of no longer
requiring cardiac transplantation [21].

Several challenges were identified that are inherent to
performing surgeries on LVAD patients. A dedicated multi-
disciplinary team is crucial to the management of these
patients from initial evaluation through postoperative fol-
low-up. The surgery requires an experienced cardiac anes-
thesia team as well as having an additional LVAD-trained
provider available during the case. Because these patients
are on therapeutic anticoagulation, it is important to develop
an anticoagulation management plan to both reduce the risk
of thrombotic complications related to the LVAD and post-
operative hemorrhage. Patients are also treated on dedicated
cardiac LVAD-trained units and on the units typical for gen-
eral surgery patients.
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In our cohort, one patient was readmitted on post-oper-
ative day 7 for hematochezia and hypovolemia treated con-
servatively. Another patient had tachycardia and anemia on
post-operative day 1 requiring return to the operating room
for a bleed along the staple line. Both patients underwent
SG using the robotic approach and had an appropriate INR
of 1.3 at the time of surgery. For the first patient, INR at the
time of readmission was 3.4, which was supratherapeutic
after restarting warfarin after surgery. This highlights one of
the complexities of this patient population given their antico-
agulated state. The bleed in the latter patient could be related
to our approach; at our institution robotic SG staple lines
are not reinforced or oversewn which may potentially have
contributed to the bleed. Of note, an internal review of our
experience comparing bleeding rates with sleeve gastrec-
tomy in non-LVAD patients showed no difference between
the laparoscopic and robotic approaches.

The location of the LVAD driveline is an important
intra-operative consideration as the subcutaneous portion
of the driveline courses through the surgical field. To our
knowledge, this is the first study including patients who
underwent robotic SG. After adoption of the Da Vinci Xi
Robot in mid-2021 at our institution, SG cases were all done
using the robotic approach. The trajectory of the driveline
along the right abdominal wall presents challenges to trocar
placement, as close proximity of these ports could poten-
tially damage the device or increase the risk of infection.
As depicted in Fig. 1, one advantage of the robotic approach
is that the trocars are placed lower along the abdomen thus
providing more working space between the robotic instru-
ments and the driveline.

SG is the bariatric procedure of choice in our study given
its lower risk profile, particularly in high-risk patients who
might undergo future organ transplantation. SG has been
shown to have fewer complications compared to anastomotic
procedures like Roux-en-Y gastric bypass or biliopancre-
atic diversion with duodenal switch [34, 35]. Importantly,
because SG does not alter gastrointestinal continuity, absorp-
tion of immunosuppressive medications after transplant is
less affected [36]. A case study by Jeng et al. showed that
therapeutic levels of immunosuppression up to 36 months
after SG was maintained with no evidence of rejection [8].
In a report by Ahluwalia et al. on three patients who under-
went RYGB prior to heart transplant, two died due to severe
allograft rejection and the third experienced cardiac arrest
at home [19]. This was thought to be related to impaired
medication absorption.

In our study, we did not identify a group of obese LVAD
patients who did not undergo SG and thus could not draw
comparisons. In a national study conducted by McElderry
et al. reviewing Medicare beneficiaries who had LVAD
placement from 2012 to 2019, 7.1% had bariatric surgery.
They found that compared to LVAD patients who did not
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have bariatric surgery, there was a threefold higher prob-
ability of receiving a heart transplant as well as a reduction
in heart failure hospitalizations [37]. In a study conducted
by Jeng et al., the outcomes of 15 LVAD patients without
bariatric surgery (LVAD alone) was compared to 14 LVAD
patients who received a laparoscopic SG (LVAD +LSG).
While survival outcomes did not differ greatly between
the two groups, the LVAD + SG group had a significantly
higher number of patients bridged to cardiac transplant and
the LVAD alone group had a significant increase in average
BMI during the study period [28].

Limitations of this study include its retrospective design
and small sample size. Additionally, there are biases inherent
to any single-center study. Furthermore, we did not have a
comparison group of LVAD patients who did not undergo
bariatric surgery. At present we do not have long-term
outcomes data so extended survival outcomes cannot be
addressed. Despite our study’s inherent limitations, we feel
that it provides compelling evidence in support of minimally
invasive SG as an important treatment option for severely
obese LVAD patients awaiting a heart transplantation.
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