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Median sternotomy is a standard surgical technique used for left ventricular assist device 
(LVAD) implantation. However, if sternotomy has a prohibitive surgical risk, LVAD implan-
tation can be performed through only left thoracotomy. We managed a patient with end-
stage heart failure who had recently undergone coronary artery bypass grafting (CABG) 
elsewhere. The patient also had a deep sternal wound infection and bacteremia. Because 
of refractory cardiogenic shock, we performed extracorporeal membrane oxygenation 
(ECMO). After multiple mediastinal washouts and omental flap placement, ECMO was 
converted to extracorporeal LVAD (from the left ventricular apex to the descending aorta) 
through a left thoracotomy. The extracorporeal LVAD was maintained for 18 days and re-
placed by the HeartMate 3 LVAD. The patient was discharged in good condition 115 days 
after CABG.
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Case report

A 72-year-old man presented with dyspnea of New York 
Heart Association class IV severity. He had undergone 
percutaneous coronary intervention at the left anterior de-
scending coronary artery 5 months earlier. He continued 
to have dyspnea, and his left ventricular ejection fraction 
was 25%. One month ago, he underwent coronary artery 
bypass grafting using the left internal thoracic artery and 
great saphenous vein targeting the left anterior descending 
coronary artery, the obtuse marginal branch of the left 
circumflex artery, and the posterolateral branch of the 
right coronary artery. However, his dyspnea did not im-
prove after surgery, and he developed a high fever on post-
operative day 21. His blood culture results showed methicillin- 
resistant Staphylococcus aureus, and he was admini stered 
vancomycin. At this time, his left ventricular ejection 
fraction was 22% with mild to moderate mitral regurgita-
tion on echocardiography. He was transferred to Samsung 
Medical Center on postoperative day 22 for further man-
agement (Fig. 1).

After he arrived at our institution, his N-terminal pro-
brain natriuretic peptide and lactic acid levels were 4,359.0 
pg/mL and 10.22 mmol/L, respectively. Despite a high 
dose of inotropes and vasopressors, he was severely hypo-
tensive. Thus, venoarterial extracorporeal membrane oxy-
genation (ECMO) insertion was performed via the right 
femoral vessels. The patient was also found to have a deep 
sternal wound infection (Fig. 2A). Emergent mediastinal 
washout, wound debridement, and vacuum-assisted clo-
sure were performed and repeated 4 times (Fig. 1). After 
negative chest wound culture was confirmed, omental flap 
placement was performed as a salvage operation. At the 
same time, the cannulation site was changed to the left 
femoral vessels, and thrombectomy was performed on the 
right superficial femoral artery due to distal limb isch-
emia. Computed tomography (CT) was followed up with a 
plan of durable left ventricular assist device (LVAD) im-
plantation, and the results revealed healed mediastinal 
space with visible omental fat tissue (Fig. 2B, C).

Multiple attempts to wean the patient from ECMO 
failed. The patient was not dependent on a ventilator and 
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completely awake during chest wound management. Be-
cause we maintained active mobilization, bleeding from 
the femoral arterial cannulation site slowly increased. 
However, massive bleeding suddenly occurred at the 
ECMO insertion site, and the bleeding was not improved 
by compression and tamponade. Since there were no more 
peripheral vessels for ECMO, we performed emergent ex-
tracorporeal LVAD insertion 43 days after transfer to our 
hospital. After the induction of general anesthesia with a 
double-lumen endotracheal tube, left thoracotomy was 
performed at the sixth intercostal space. The pericardium 
was opened, and the bare area of the left ventricular apex 
was exposed. After heparinization, the mid-descending 
aorta was partially clamped, and a 12-mm Hemashield 
vascular graft (Boston Scientific, Natick, MA, USA) for the 
outflow tract was end-to-side anastomosed via 5-0 contin-
uous monofilament polypropylene sutures. A 24F EOPA 
arterial cannula (Medtronic Inc., Minneapolis, MN, USA) 
was inserted into the left pleural space via tunneling the 
intercostal muscle and connected with the outflow graft. 
Under femoral ECMO support, a 32F straight venous can-
nula (Medtronic Inc.) was directly inserted into the left 
ventricular apex with double 3-0 pledgetted purse-string 

monofilament polypropylene sutures (Fig. 3A). Extracor-
poreal LVAD support was initiated, and previous ECMO 
support was removed in the operating room.

Despite the appropriate use of antibiotics and a well-
healed chest wound, his blood cultures were not completely 
negative. Because the chest wound was completely healed 
and clean, we suspected that the ECMO circuits were in-
fected. Thus, the implantation of the HeartMate 3 LVAD 
(HM3; Abbott Laboratories, Lake Forest, IL, USA) as des-
tination therapy was decided.

Durable LVAD implantation via redo-left thoracotomy 
was performed 18 days after extracorporeal LVAD implan-
tation. The left common femoral artery and vein were can-
nulated, and cardiopulmonary bypass (CPB) was initiated. 
The previous inf low cannula was removed, and the left 
ventriculotomy was extended. The left ventricular trabecu-
lae that could interfere with inflow maintenance were re-
moved as much as possible. The pump was inserted after 
HM3 standard cuff placement. The drive-line was brought 
out to 2 cm below the rib cage along the left anterior axil-
lary line. The rifampicin-soaked outf low tract was con-
nected with the previous 12-mm Hemashield vascular graft 
via end-to-end anastomosis using 6-0 continuous monofil-
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Fig. 1. Summary of key events in the course of the patient’s care. CABG, coronary artery bypass grafting; MRSA, methicillin-resistant 
Staphylococcus aureus; SMC, Samsung Medical Center; VA, venoarterial; ECMO, extracorporeal membrane oxygenation; VAC, vacu-
um-assisted closure; NG, no growth; VISA, vancomycin-intermediate Staphylococcus aureus; LVAD, left ventricular assist device.
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Fig. 2. Computed tomography find-
ings before implantation of the 
HeartMate 3 left ventricular assist 
device. (A) Abscess in the whole 
retrosternal space and its extension 
toward the jugular notch (yellow 
arrows). (B, C) Healed mediastinal 
space with visible omental fat tis-
sue (red arrows).
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ament polypropylene sutures. Durable LVAD support was 
initiated, and CPB was weaned without difficulty.

The patient maintained stable hemodynamics in the in-
tensive care unit. He was transferred to the general ward 6 
days after HM3 LVAD implantation Three-dimensional 
CT angiography, showed that his inflow cannula and out-
flow tract of the HM3 LVAD were well positioned (Fig. 3B, 
C). In postoperative echocardiography, the left ventricular 
ejection fraction was 15%–20% with intermittent opening 
of the aortic valve. No signs of active infection were ob-
served during his recovery. The patient was discharged 32 
days after HM3 LVAD implantation and 93 days after 
transfer to our institution. More than 100 days after HM3 
LVAD implantation, the patient never had any rehospital-
izations or complications, including fever. The need for in-
formed consent was waived by the Institutional Review 
Board (IRB approval no., 2022-10-001-001).

Discussion

Median sternotomy is a standard approach for most LVADs. 
However, patients with multiple sternotomies might have 
increased surgical risk [1]. According to Potapov et al. [2], a 
left thoracotomy approach could be considered in patients 
who had previous cardiac surgery. Several reports have 
demonstrated that a sternal-sparing approach is an effec-
tive and safe surgical technique for HM3 LVAD implanta-
tion in well-selected patients [3-5]. This minimally invasive 
procedure could be used as an alternative technique for pa-
tients at high risk of mediastinal re-entry. However, most 
studies that used LVAD via left thoracotomy still utilized 
the ascending aorta for outflow graft attachment. There-
fore, these cases required upper mini-sternotomy or right 

anterior thoracotomy. Cho (Y.H.C., the surgeon in this 
case) et al. [6] reported a case of durable LVAD implanta-
tion via left thoracotomy only (i.e., the outflow graft was 
anastomosed to the mid-descending aorta). We applied the 
same technique to this patient. Unlike previous studies 
that used bilateral thoracotomy [3-5], we chose left thora-
cotomy only to avoid recurrent mediastinal infection and 
wound dehiscence.

Active systemic infection is a contraindication to durable 
LVAD implantation [2,7]. Therefore, we tried to avoid 
LVAD implantation. Whenever we decreased the ECMO 
flow, the patient had severe pulmonary edema, dyspnea, 
and hypotension. We changed the ECMO circuits and can-
nulas to control bacteremia, but the patient only showed a 
partial response. The patient was completely awake, except 
for several days when he was under general anesthesia. It 
was extremely hard to maintain his fitness through exer-
cise in the intensive care unit. The drainage cultures from 
the mediastinal wound became negative. After extracorpo-
real LVAD implantation, only 1 blood culture was positive. 
We thought that removing extracorporeal circulation was 
the only way to completely control his infection. Thus, we 
performed HM3 LVAD implantation while administering 
antibiotics under the guidance of the Department of Infec-
tious Diseases. Despite our successful experience, the pro-
cedure cannot be generally practiced. Alternative incision 
sites and durable LVAD implantation while bacteremia is 
not completely controlled should only be considered in 
highly selected patients with a multidisciplinary discus-
sion. In our case, periodic and in-depth consultations with 
an infectious disease specialist were conducted regarding 
the dosage, regimen, and change of antibiotics. Currently, 
the prescription of oral antibiotics (clindamycin) is main-
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Fig. 3. (A) Chest X-ray after insertion of the extracorporeal left ventricular assist device. The inflow cannula (yellow arrow) is into the left 
ventricular apex. The outflow cannula (red arrow) is connected to the 14-mm Dacron graft, which is anastomosed to the mid-descending 
aorta. (B) Three-dimensional computed tomography angiogram after implantation of the HeartMate 3 left ventricular assist device. The 
outflow graft is indicated by a red arrow. (C) The inflow cannula (yellow arrow) is well placed in the left ventricle.
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tained in an outpatient clinic under the judgment of the 
infectious disease specialist.

In conclusion, HM3 LVAD implantation through only 
left thoracotomy can be an option for selective indications. 
This approach may be useful for patients at a prohibitive 
risk of median sternotomy. Although active bloodstream 
infection is still an absolute contraindication for durable 
LVAD implantation, aggressive removal of the source of 
infection may lead to acceptable clinical outcomes.

Article information

ORCID

Mi Young Jang: https://orcid.org/0000-0001-7242-3174
Jun Ho Lee: https://orcid.org/0000-0001-8237-2542
Su Ryeun Chung: https://orcid.org/0000-0002-9619-0640
Kiick Sung: https://orcid.org/0000-0003-0768-9587
Wook Sung Kim: https://orcid.org/0000-0001-7808-3385
Yang Hyun Cho: https://orcid.org/0000-0003-1685-3641

Author contributions

Conceptualization: YHC, KIS, WSK, SRC. Data curation: 
MYJ, JHL. Formal analysis: MYJ. Funding acquisition: 
YHC, JHL. Methodology: MYJ, JHL, YHC. Project admin-
istration: MYJ, JHL, YHC. Visualization: MYJ, JHL, YHC. 
Writing–original draft: MYJ, JHL. Writing–review & edit-
ing: JHL, YHC. Final approval of the manuscript: all au-
thors.

Conflict of interest

No potential conflict of interest relevant to this article 
was reported.

Funding

This work was supported by the Korea Medical Device 
Development Fund grant funded by the Korea government 
(the Ministry of Science and ICT, the Ministry of Trade, 
Industry and Energy, the Ministry of Health & Welfare, 
the Ministry of Food and Drug Safety) (Project number: 
1711138313, KMDF_PR_20200901_0159).

References
1. Park CB, Suri RM, Burkhart HM, et al. Identifying patients at partic-

ular risk of injury during repeat sternotomy: analysis of 2555 cardiac 
reoperations. J Thorac Cardiovasc Surg 2010;140:1028-35. https://
doi.org/10.1016/j.jtcvs.2010.07.086

2. Potapov EV, Antonides C, Crespo-Leiro MG, et al. 2019 EACTS Ex-
pert Consensus on long-term mechanical circulatory support. Eur J 
Cardiothorac Surg 2019;56:230-70. https://doi.org/10.1093/ejcts/
ezz098

3. Gosev I, Wood K, Ayers B, et al. Implantation of a fully magnetically 
levitated left ventricular assist device using a sternal-sparing surgical 
technique. J Heart Lung Transplant 2020;39:37-44. https://doi.org/ 
10.1016/j.healun.2019.09.012

4. Ayers B, Sagebin F, Wood K, et al. Complete sternal-sparing ap-
proach improves outcomes for left ventricular assist device implanta-
tion in patients with history of prior sternotomy. Innovations (Phila) 
2020;15:51-6. https://doi.org/10.1177/1556984519886282

5. Al-Naamani A, Fahr F, Khan A, et al. Minimally invasive ventricular 
assist device implantation. J Thorac Dis 2021;13:2010-7. https://doi.
org/10.21037/jtd-20-1492

6. Cho YH, Deo SV, Schirger JA, Pereira NL, Stulak JM, Park SJ. Im-
plantation of a HeartMate II left ventricular assist device via left tho-
racotomy. Ann Thorac Surg 2012;94:1712-4. https://doi.org/10.1016/
j.athoracsur.2012.03.109

7. Han JJ, Acker MA, Atluri P. Left ventricular assist devices. Circula-
tion 2018;138:2841-51. https://doi.org/10.1161/CIRCULATIONA-
HA.118.035566

https://doi.org/10.1016/j.jtcvs.2010.07.086
https://doi.org/10.1016/j.jtcvs.2010.07.086
https://doi.org/10.1093/ejcts/ezz098
https://doi.org/10.1093/ejcts/ezz098
https://doi.org/10.1016/j.healun.2019.09.012
https://doi.org/10.1016/j.healun.2019.09.012
https://doi.org/10.1177/1556984519886282
https://doi.org/10.21037/jtd-20-1492
https://doi.org/10.21037/jtd-20-1492
https://doi.org/10.1016/j.athoracsur.2012.03.109
https://doi.org/10.1016/j.athoracsur.2012.03.109
https://doi.org/10.1161/CIRCULATIONAHA.118.035566
https://doi.org/10.1161/CIRCULATIONAHA.118.035566



