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Abstract

Ten months after an ineffective percutaneous coronary stent placement, a 53-year-old patient was rehospitalized with NYHA
functional class IV congestive heart failure, ischemic heart disease and left ventricular aneurysm. Echocardiography revealed
thrombus formation in the left ventricle with apical aneurysm. Even though left ventricular assist device (LVAD) implanta-
tion improves quality of patients’ lives with an increase of its overall use, it becomes more complicated in the presence of
ventricular thrombus. We decided to perform ventricular reconstruction with thrombus extraction concomitant to HeartMate
3™ LVAD implantation. The patient was recovered uneventfully, and discharged on postoperative day 14. This report shares

the patient’s case and the surgical procedure.
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Introduction

Left ventricular assist device implantation is an accepted
and efficient therapy of end-stage heart failure [1]. It is also
common to have LV aneurysm following ischemic heart dis-
ease [2]. However, the presence of a ventricular thrombus
during LVAD insertion increases operational complexity due
to higher risk of embolism [3]. Hereby, we present a patient
with antero-apical aneurysm undergoing LVAD implantation
combined with LV reconstructive surgery.
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Case

A 53-year-old man suffering from ischemic dilated cardio-
myopathy with concomitant antero-apical aneurysm and
thrombus formation was readmitted to our clinic in Feb-
ruary 2017. His case had already been discussed at the
transplant and assist device Medical Review Board of our
institution and the final decision was to implement LVAD
implantation or heart transplantation in September 2016.
The patient’s history consisted of ineffective percutaneous
coronary intervention stent placement of his left anterior
descending artery in January 2016. Trans-thoracic echocar-
diography was inadequate because of poor echogenity; so
the decision was to perform trans-esophageal echocardiog-
raphy (TEE). TEE showed an antero-apical akinesis, pro-
nounced diffuse thrombus with a max 2 cm thickness, with
a decreased global LV function (LV ejection fraction 0.15)
(Fig. 1). Elevated Pulmonary vascular resistance (PVR) with
mild right ventricular (RV) dysfunction and grade 2 tricus-
pid regurgitation were noted. His preoperative assessment
can be seen in Table 1.

Even though non-removable ventricular thrombus is hard
to detect in preoperative period, the patient’s condition at the
time of admission was poor enough to make him undergo
LVAD placement as a bridge to transplantation. He was in
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Fig. 1 Preoperative echocardiography revealed diffuse plastered
thrombus formation (shown with red arrows), measured 2 cm diam-
eter at its widest part at the antero-apical segment

Table 1 Preoperative evaluation of the patient

Echocardiography Right heart catheterization
LVEDD (cm) 7.8 CO L (min)/CI 2.9/1.5
LVESD (cm) 6.8 PVR (wood units) 4.1
LVEF (%) 15 PAP (mmHg) 62/27/37
PAPs (mmHg) 50 RAP (mmHg) 7
TAPSE (mm) 13 TPG (mmHg) 12

St (cm/sn) 6 MVO, «, 45

MR: grade 2, TR: grade 2 PAWP (mmHg) 25

LVEDD left ventricle end-diastolic diameter, LVESD left ventricle
end-systolic diameter, LVEF left ventricle ejection fraction, PAPs
pulmonary artery systolic pressure, TAPSE tricuspid annular plane
systolic excursion, St strain, MR mitral regurgitation, 7R tricuspid
regurgitation, CO cardiac output, CI cardiac index, PVR pulmonary
vascular resistance, PA pulmonary artery pressures, RAP: right atrial
pressure, TPG trans-pulmonary gradient, MVO, mix venous oxygen
saturation, PAWP pulmonary artery wedge pressure

level 3 according to Interagency Registry for Mechanically
Assisted Circulatory Support INTERMACS) scale.

Surgical procedure

Under general anesthesia, the operation was performed with
median sternotomy. Standard aortic arterial cannulation and
unicaval venous cannulation was performed to institute car-
diopulmonary bypass. The whole procedure was performed
on cardiopulmonary bypass (CPB) without clamping the
aorta. To avoid cerebral emboli, aortic valve closure was
maintained by full CPB flow and vacuum-assisted venous
drainage. We maintained the pump flow much more higher
than the calculated ideal patient’s flow till we obtained a
flat, nonpulsatile arterial tracing showing the lack of ejection
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from left ventricle. Intraoperative TEE confirmed the move-
ment of aortic valve hardly opened in systolic phase. Ven-
triculotomy was performed with apical coring knife. Direct
inspection as well as digital palpation revealed a diffuse
thrombus and thin ventricular wall (Fig. 2a). Eventually, a
longitudinal incision was extended, from LV apex through
aneurysmal anterior wall away from LAD, because ven-
tricular thrombus could not be easily resected via apical
space. Subendocardial thrombus with a volume of 200 mL
was removed aggressively with resection of 2 X4 cm long
scarred, dead tissue (Fig. 2b). This area was only limited to
fibrinotic, thin aneurysmal sac without touching the residual
dilated myocardium. The edges were then sewn longitudi-
nally by leaving the one edge longer with individual 3-0
polypropylene mattress suture, buttressed with strips of Tef-
lon felt. Extreme caution was given to form the elliptical
geometry of ventricle. Giving the correct position of the
inflow cannula, the physiologic axis of the ventricle (from
the valvular midpoint to the apex) was confirmed by inspec-
tion and forcep. The longer edge was used to reinforce the
suture line by overlapping it with continue locking suture to
form a new neck for the sewing ring (Fig. 3a). The apical
cannulation site was reevaluated under TEE prior to overlap-
ping suture-line stitches. Twelve n-shaped stitches were put
for sewing the ring fixation. One extra longitudinal mattress
suture, securing the two free edges of ventricle to form a
new neck, was then closed. After confirming that the new
neck was strong enough to hold the device, subsequent steps
of HeartMate 3™ LVAD implantation were performed in
standard fashion (Fig. 3b).

The patient woke up without any neurological defi-
cit, and extubated on the 16th hour after operation. No
postoperative complications were observed. Aggressive
anticoagulation and antiplatelet treatment (ASA 150 mg/
daily, clopidogrel 75 mg/daily and warfarin) were initi-
ated with his concomitant thromboelastogram and platelet

Fig.2 a Left ventriculotomy was performed for the implantation of
inflow cannula via a coring tool at apex. Thrombus formation was
detected; however, extension of ventriculotomy was decided for fur-
ther examination. b Ventriculotomy was extended posterolaterally to
perform complete thrombus removal and aneurysmectomy properly.
Aneurysm resection was performed together with endocardial scar
tissue removal
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Fig.3 a Linear reconstruction of the left ventricle was utilized by
Teflon plegetted sutures in a horizontal mattress fashion, and the
bleeding control was ensured with overlapping excessive tissue and
reinforcing the suture line. b After the reconstruction of the left ven-
tricle, LVAD was inserted in standard fashion at the apical part of
incision
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Fig.4 Parasternal long axis view of postoperative echocardiography
shows moderate pericardial effusion near RVOT with a maximum left
ventricular diameter of 53 mm. RVOT right ventricle outflow tract, LV
left ventricle, AO aorta, LA left atrium

function study. Postoperative echocardiography revealed
no residual thrombus, malposition of device or suction;
the ventricular cavity was in well-elliptical shape with a
LVEDD of 5.3 cm (volume of 160 mL) and the opening
of aortic valve was obtained on each cycle (Fig. 4). The
patient was transferred to inpatient clinic on postopera-
tive day 4, and he was discharged on the 14th postopera-
tive day with an INR value of 2.5. He was placed on the
list for heart transplantation, and was doing well on third
month outpatient clinic follow-up with no anticoagulation
related complications or ventricular arrhythmias.

Discussion

Given the fact that surgical treatment of heart failure with
ventricular assist devices has been significantly increasing,
left ventricular aneurysms are still a surgical challenge
during implantation due to surgeons’ limited experience.
The annual thromboembolic incidence rate of advanced
heart failure patients was reported to be between 1.5-3.5%;
where the surgery becomes more complicated with the
presence of thrombus [3]. Nevertheless, it is technically
feasible to reconstruct aneurysm concomitant to LVAD
implantation in selective patients [4—6].

Non-removable thrombus cannot be easily detected
preoperatively. In our patient, preoperative trans-thoracic
assessment did not show any evidence of diffuse throm-
bus until TEE evaluation was done. Total artificial heart
implantation or heart transplantation could be another
option for such patients. The reconstruction technique
of left ventricular aneurysm should be individualized for
each patient. Ensuring the adequate ventricular volume
as well as its elliptical shape are the important points of
the surgical approach. If the visibility of every portion
is not sufficient, ventriculotomy should be extended for
exploration. We had to extend the incision to excise the
thinner wall, evacuate the diffused thrombus and trim the
excessive trabecules. Preoperative remodeling of optimal
ventricular cavity by echocardiography might be useful to
estimate of the area that can be resected [7]. Palmen and
colleagues described successful ventricular reconstruction
around a Hegar 22 dilator from apex to the base in patients
with history of prior surgical ventricular restoration [8]. In
our patient, we use forceps to maintain the angle of inflow
direction during the reconstruction of a neo-apex. And,
we did not encounter any difficulty with the placement of
the device; additionally, there was no bleeding around the
new apical hole after reconstruction.

For the last two decades, reconstruction with patch turns
into usage of the existing native apex if the residual wall is
strong enough to hold the inflow cannula and the ventri-
cle has enough volume to prevent suction. Chernyavskiy
and Garbade et al. described the surgical reconstruction
of ventricle with synthetic patch and defended that the
patient would be at increased risk of repeat thromboem-
bolism due to direct blood contact [6, 9]. More recently,
there are successful implanted LVADs without patch
plasty and the authors argued that the synthetic material
could increase the risk of thrombosis, as well as it might
alter the ventricular geometry unless it is measured appro-
priately. Fatullayev et al. were the first who described the
reconstruction of the left ventricle without patch plasty
[4]. They did not experience any difficulty at providing
stability of sewing ring, and did not mention any changes

@ Springer



172

Journal of Artificial Organs (2019) 22:169-172

in the inflow cannula position. Nevertheless, we have no
direct evidence to conclude the surgical difference due to
limited case availability. We preferred to close the ventri-
cle without using a Dacron patch to minimize the thrombo-
genic predisposition, and the cavity was big enough for a
primary closure while creating a good ventricular volume.
There can still be a possibility of repeat thrombosis, but
we believe that augmented anticoagulation would be safe
enough for thrombosis.

One of the concerns during the procedure is the cere-
brovascular event due to left ventricular thrombus. Lifting
the apex of the heart may eventuate aortic insufficiency.
Garbade et al. performed a reconstruction with a Dacron
patch by cross-clamping the aorta for a better stabilization
of the inflow cannula [9]. We believed that maintaining the
aortic valve closure would be enough for avoiding cerebral
emboli. It is crucial seeing the nonpulsatile arterial trace,
which indicates the lack of ventricular ejection. Intraopera-
tive TEE would be beneficial for following the movement
of aortic valve. Chernyawskiy et al. implanted a temporary
left ventricular support as a bridge to heart transplantation
without clamping of the aorta [7]. In addition, Kervan and
colleagues performed successful implantation of HeartWare
LVAD following a ventricular reconstruction without cross-
clamp and did not complain about perioperative cerebral
complications [10].

As the ventricular wall was thin, overlapping the exces-
sive tissue definitely helped to control the bleeding. Addi-
tionally, bioglue application on epicardial layers could also
be helpful at bleeding control. No complication was seen
due to previous thrombus or ventricular upward movement
during CPB in the early postoperative period.

Conclusion

This combined surgery was a tailored approach that
improves the patient’s physical condition, lowers operation
time, and eases the procedure even without patch plasty.
Furthermore, an aggressive anticoagulation therapy must be
administered for these patients with close monitoring.
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