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Abstract
Heart-Lung transplant (HLT) is a widely accepted modality for certain patients with advanced and refractory cardiopulmonary
disease. Some of these patients are critically ill on the transplant waiting list, and venoarterial extracorporeal membrane
oxygenation (VA-ECMO) can be used as a bridge to transplantation. Although the experience with ECMO as a bridge to lung
transplant is promising, there is limited evidence to use ECMO as a bridge to HLT. Femoral cannulation remains a concern
for ambulation given the risk of bleeding and cannula complications despite studies reporting its safety. We present a case
of a 56-year-old male with interstitial lung disease (ILD) and severe secondary pulmonary hypertension, who was successfully
bridged to HLT with ambulatory femoral VA-ECMO.

Introduction
The number of heart-lung transplants (HLT) remained static during the last five years, with 59 procedures in
2017.1 Currently, most of the HLTs are performed on patients with severe pulmonary hypertension associated
with congenital heart disease, followed by idiopathic pulmonary arterial hypertension (IPAH) and cystic
fibrosis (CF). There is also a small trend showing an increasing number of HLTs performed for idiopathic
interstitial pneumonia (IIP).2 Some of these patients are critically ill on the waiting list, and venoarterial
extracorporeal membrane oxygenation (VA-ECMO) can be used as a bridge to transplantation. The evidence
to support this strategy is limited but evaluation of the outcomes is crucial, especially with the new heart
status allocation system.3 Traditionally, ambulation was considered too dangerous with femoral cannulation.
We present the case of a 56-year-old male with interstitial lung disease (ILD) and severe secondary pulmonary
hypertension, who was successfully bridged to HLT with ambulatory femoral VA-ECMO.
Case presentation
The patient is a 56-year-old African American male former smoker with rheumatoid arthritis and pulmonary
hypertension who was diagnosed with nonspecific interstitial pneumonia in 2011 after a lung biopsy. He
required supplemental oxygen at home and was managed with an immunosuppressive regimen including
azathioprine and prednisone. In early 2019 he was admitted with symptoms of congestive heart failure.
Transthoracic echocardiogram (TTE) indicated a left ventricular ejection fraction (LVEF) of 45-55% and reduced right ventricular function. Heart catheterization noted an elevated pulmonary artery pressure of 68/31,
pulmonary capillary wedge pressure (PCWP) of 23, and Fick cardiac index (CI) of 1.77. Cardiac MRI and
TTE displayed pulmonary hypertension with evidence of right heart failure, severe tricuspid regurgitation,
and reduced left ventricular function.
Elevated PCWP with depressed biventricular function and CI suggested the need for HLT. While undergoing
additional pre-operative workup his clinical status acutely deteriorated despite maximal medical therapy. He
was urgently taken to the operating room and successfully placed on peripheral femoral VA-ECMO with
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a percutaneous technique as a bridge to transplant (BTT). We used a 15 fr Bio-Medicus femoral arterial
cannula (Medtronic), 27 fr Bio-Medicus venous femoral cannula (Medtronic), and a distal perfusion catheter
with a 5 fr sheath (Cordis). The cannulas were connected to a Cardiohelp system (Maquet) with initial flows
started at 3.5 L/min; there was immediate clinical improvement. The cannulas were secured to the skin
with several size 0 silk sutures as well as two foley catheter anchoring device for each cannula, preventing
any tension or movement.
He was extubated within 12 hours of cannulation. In order to improve and optimize his physical condition,
his rehabilitation was focused on nutrition and ambulation A multidisciplinay team composed of perfusion
specialists, nurses and physical therapists (PT) guided and monitored the patient during bed mobility,
transfers and ambulation. Prior to ambulation, the patient was considered stable in his cardiopulmonary
and mental status, without any bleeding and with adequate physical strength and activity tolerance. The
cannulated leg was allowed a range of hip flexion from 0-90 degrees given stable ECMO flows. The patient
was allowed to sit at the edge of the bed and in a recliner chair with hip flexion no more than 90 degrees
as to encouarge posture and upright position throughout the day. Physical exercise included assisted active
bed and chair exercises, sitting, standing and walking. Hemodynamics, comfortable respiratory status and
safety were the highest priorities. He was standing with PT assistance the day after cannulation, stood for
10 minutes with contact guard assist (CGA), completed pre-gait activites (weight shifting) and sat in the
recliner chair. He was also instructed in a seated exercise program. Five days later he needed only minimal
assistance to transfer from bed to chair and started ambulating (walked 410 ft with walker and CGA ). Prior
to transplant he was able to walk almost 700 ft (Fig.1). Of note, on admission before ECMO cannulation,
he was walking just 300 ft, limited by shortness of breath. He did not develop any complications related to
ambulation.
On ECMO day 11, a suitable donor became available (fig. 2). He was taken to the operating room for heartlung block transplant, ECMO decannulation and femoral vessel repair. The chest was left open secondary
to coagulopathy and closed the next day. Postoperatively, he was started our standard immunosuppressive
regimen.
He was discharged from the hospital on postoperative day 21. The patient continues to do well, with normal
hemodynamics on his most recent echocardiography and mild (1R) rejection on biopsy. He is stable on New
York Heart Association functional class I status, exercises on a treadmill twenty minutes five days a week,
and has resumed normal physical activity.
Discussion
HLT is widely accepted for certain patients with advanced and refractory cardiopulmonary disease. From
the first surgery in 1968, more than 4000 HLTs have been performed to date. Currently, the median survival
is 6.5 years. Most HLTs are performed on patients with severe pulmonary hypertension associated with
congenital heart disease, although there is a trend towards more HLT for IIP.1
ECMO has been used as a BTT with a high risk of morbidity and mortality. Even as waiting list mortality
declined almost 40% after the introduction of the Lung Allocation Score in 2005, annual waiting list deaths
in the United States reach almost 300, with fibrotic disease as the leading cause.9 ECMO as a BTT in
end-stage lung disease has increased, but still only represents 1.5% of the total lung transplantation volume.
Otherwise, the outcomes of awake ambulatory ECMO and spontaneous breathing can be excellent.4-8
Although the experience with ECMO as a bridge to lung transplant is encouraging, there is limited evidence
to use ECMO as a bridge to HLT. A previous analysis by Sertic et al reported a 50% mortality at 30 days and
50% mortality at 1 year in patients with ECMO before HLT. ECMO was identified as an strong predictor
of mortality.3
Femoral VA-ECMO support can be associated with deconditioning, muscle wasting and diaphragmatic weakening secondary to the required bedrest born out of concerns for bleeding or cannula dislodgement. Ambulation is crucial to prevent complications, and early mobilization reduces intensive care unit and overall
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hospital length of stay.10-11 Multiple studies have reported the feasibility and safety of ambulating patients
with femoral cannulas.10,12-13
Pasjira et al decribed 15 cases of ambulatory femoral VA-ECMO, just two of them were a bridge to heart
transplant. The ECMO cannulation and ambulation protocol is very similar to ours, median time from
cannulation to out of bed was three days, time from cannulation to ambulation was four days and the
median distance walked on the last day was 300 ft.10 Shudo et al reported a case of ambulatory femoral
VA-ECMO as bridge to HLT. The patient started to ambulate after day 9 and could ambulate with minimal
assistance.12 Before ambulation, we performed a careful evaluation of neurological, cardiovascular, respiratory, musculoskeletal and hematologic (no bleeding) systems. Our patient was out of bed on the first day
post cannulation, and he increased ambulation distance before transplant.
Conclusions
HLT is a definitive treatment for end-stage cardiopulmonary failure. In critically ill patients, VA-ECMO
can be used to mitigate end-organ dysfunction while awaiting suitable organs. Ambulatory Femoral VAECMO cannulation seems to be safe and effective in carefully selected patients and can mitigate many of
the consequences related to ongoing bedrest.
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Figure Legends
Fig1. Patient ambulating on peripheral VA-ECMO with the nurse and ECMO specialist

3

Posted on Authorea 8 May 2020 — CC BY 4.0 — https://doi.org/10.22541/au.158894541.16021771 — This a preprint and has not been peer reviewed. Data may be preliminary.

Fig 2. Heart-Lung block

4

Posted on Authorea 8 May 2020 — CC BY 4.0 — https://doi.org/10.22541/au.158894541.16021771 — This a preprint and has not been peer reviewed. Data may be preliminary.

5

