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Abstract 

Background The use of extracorporeal membrane oxygenation (ECMO) as a bridge to lung transplantation 
is an uncommon strategy in Japan owing to the severe donor shortage and absence of urgent allocation policy. 
Moreover, the use of veno-venous (VV) ECMO for immunosuppressed patients is controversial; thus, applying ECMO 
to patients who await lung re-transplantation is challenging.

Case presentation A 16-year-old lung transplant recipient with grade 3 bronchiolitis obliterans syndrome was wait-
listed for lung re-transplantation. Eleven months later, he fell into severe respiratory acidosis with hypercapnia, which 
were not resolved with mechanical ventilation. VV ECMO was introduced to minimize lung stress and strain. Tracheos-
tomy was additionally performed on day 5 after the start of ECMO, and respiratory condition swiftly improved; hence, 
the weaning process from VV ECMO began on day 9. Rehabilitation became implementable, and bilateral re-lung 
transplantation was successfully performed 6 months after the ECMO treatment. No critical complication related 
to the precedent use of ECMO was noted.

Conclusions VV ECMO can be a feasible treatment option even for lung transplant candidates awaiting re-transplan-
tation for a prolonged period. Introduction of ECMO and tracheostomy in the early deterioration stage may be crucial 
to successful subsequent patient management.
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Background
The number of brain-dead organ donations in Japan has 
increased in recent years; however, it remains insufficient 
to meet the demands. There remains a shortage of suit-
able lung donors, especially for pediatric patients or can-
didates for re-transplantation [1]. In Japan, wait-listing 
for lung transplantation (LT) is based on the order of reg-
istration with no established system to prioritize urgent 
patients. Thus, waiting time for each candidate cannot 
be estimated, and the use of extracorporeal membrane 
oxygenation (ECMO) as a bridge to LT is considered 
controversial and uncommon. In addition, for the indica-
tion of ECMO, its use in immunosuppressed or severely 
immunocompromised patients has been considered a 
relative contraindication [2]. That is, respiratory failure 
associated with hematopoietic stem cell transplantation 
(HSCT) or chronic rejection after LT is a controversial 
indication for ECMO. Overall, determining whether 
ECMO should be applied to wait-listed patients with 
history of those transplantation demands a challenging 
decision-making.

Herein, we present a case of management of veno-
venous (VV) ECMO for a pediatric lung transplant 
recipient with end-stage bronchiolitis obliterans syn-
drome (BOS) who awaited lung re-transplantation. The 
patient was weaned from VV ECMO after tracheostomy 
and ECMO management to remove  CO2 within a short 
period. Thereafter, adequate rehabilitation was suc-
cessfully implemented to survive waiting time for lung 
re-transplantation.

Case presentation
A 10-year-old boy (height 123.8  cm, weight 24.9  kg) 
developed irreversible lung failure associated with 
chronic graft-versus-host disease following HSCT. He 
primarily underwent right single living-donor lobar 
LT donated from the next of kin followed by long-term 
immunosuppressive therapy. At 14 years old, the patient 
developed chronic lung allograft dysfunction (CLAD, 
BOS) with concomitant development of de novo donor-
specific alloantibody (DSA) toward DQ4 (16,880 mean 
fluorescence intensity; MFI), which resulted in a rapid 
decline in respiratory function to grade 3 or < 50% of 
baseline forced expiratory volume in 1 s of 0.46 L (19.3% 
of predicted value). The patient was suspected of having 
a clinical antibody-mediated rejection. Shortly after the 
diagnosis of CLAD (BOS), he was registered and wait-
listed for lung re-transplantation from a deceased donor 
in the Japan Organ Transplantation Network. Antigen-
targeted therapy (plasma exchange: 4 times) was con-
ducted but irresponsive (MFI: 11453 → 2483 → 14834). 
Owing to progression of respiratory failure, the patient 
was hospitalized and prescribed non-invasive positive 

pressure ventilation 7  months after registration on the 
list. During the early waiting period, the patient was rela-
tively in stable conditions (pCO2, 60 Torr), maintaining 
moderate physical performance to implement daily reha-
bilitation program of ambulation and cycle ergometry.

However, his respiratory condition rapidly deterio-
rated 11 months after wait-listing (the age of 15), and he 
(height 143 cm, weight 33 kg) was admitted to the inten-
sive care unit (ICU) and required mechanical ventila-
tion under sedation because of hypercapnic respiratory 
failure (Fig.  1). Despite the high level of positive end-
expiratory pressure, and prolonged expiratory time, the 
patient’s severe respiratory acidosis (pH, 6.9–7.1; pCO2, 
130–200  Torr) with hypercapnia did not improve, and 
an alternate mode of lung support was required as res-
cue therapy (Fig.  2A). The patient had chronic deterio-
ration of respiratory function; hence, he possibly would 
not be weaned off VV ECMO once initiated. However, 
the patient remained free from active bacterial, viral, or 
fungal infection, and the function of other vital organs 
including the heart, kidney, and liver was normal. Follow-
ing emergency multidisciplinary team discussions, VV 
ECMO was introduced initially as a bridging strategy to 
transplantation on day 1 after ICU admission, with the 
aim to achieve long-term standby status for LT (Fig. 2B). 
A 21-Fr single catheter was cannulated for venous drain-
age in the common femoral vein and a 19-Fr catheter for 
return in the right internal jugular vein. We had planned 
to switch to cannulation with a single-site dual-lumen 
device if the patient transitioned to a state where reha-
bilitation was possible under a prolonged period of 
ECMO use. The initial ECMO settings were as follows: 
sweep gas flow, 2.0 L/min; flow, 3.1 L/min; 3360 revolu-
tions per min (RPM); and heparin infusion. ECMO and 
ventilator settings were later adjusted to minimize lung 
stress and strain. Early rehabilitation of in-bed mobili-
zation and electrical muscle stimulation was started on 
day 2 after ECMO initiation. Subsequently, a tracheos-
tomy was placed on day 5. Once the blood gas data were 
normalized, the weaning process from VV ECMO was 
attempted on day 6. Following the cautious reduction 
of the flow and several weaning trials, the ECMO could 
finally be removed on day 9 (Fig.  2C) and sedation was 
completely ceased on day 18. The patient underwent 
rehabilitation under ventilator support, and his physical 
performance improved to the extent that he could per-
form stepping exercise.

Six months after the ECMO treatment, a suitable 
organ was allocated. The patient was transferred to the 
referred lung transplant center (Fig.  2D), and bilateral 
LT was performed perioperatively using desensitization 
therapy (DSA DQ4 [MFI:13529]). Intraoperative cardio-
pulmonary support was required, but could be removed 
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immediately after implantation. Standard triple immuno-
suppressive therapy (tacrolimus, mycophenolate mofetil, 
and prednisolone), and antiviral and antifungal prophy-
laxis were administered postoperatively. No major sur-
gical complication related to the previous history of 
ECMO use, including severe primary graft dysfunction, 
cardiac insufficiency, infection, and venous thrombo-
sis, was noted. The patient was successfully weaned off 
mechanical ventilation on postoperative day 69 and oxy-
gen inhalation on day 74. He was transferred to our reha-
bilitation facility on postoperative day 99 and was finally 
discharged on day 114. He returned to his normal daily 
life without any significant complications 14 months after 
lung re-transplantation.

Discussion
There is currently an increasing number of LT recipi-
ents who require lung re-transplantation because of 
advanced chronic lung allograft dysfunction. We report a 
case of respiratory failure in a pediatric LT recipient with 
high-grade BOS that was managed with short-term VV 
ECMO, resulting in successful wait-list survival for re-
transplantation. Since there is a wide variety of patient 
conditions where use of ECMO is considered, it is chal-
lenging to standardize its indication and management 

[2]. The current case provides an implication regarding 
patient selection for ECMO use in those specific situa-
tions and pre- and post-ECMO management.

Lung transplant candidates are generally in irrevers-
ible respiratory failure due to progressive lung disease; 
hence, weaning these patients from ECMO can be chal-
lenging. As the average waiting time for deceased donor 
LT is > 800 days in Japan [1]. There is some case anecdote 
reported regarding successful management of extremely 
long-term bridging ECMO before LT [3], whereas deci-
sion-making for bridging ECMO is always difficult. In 
addition, evidence suggests that the use of ECMO in 
immunocompromised patients with respiratory failure 
increases hospital mortality; thus, the introduction of 
ECMO after HSCT or in an immunosuppressed condi-
tion remains controversial [2, 4]. In this case, the patient 
had a history of HSCT, living-donor LT, and long-term 
treatment with immunosuppressive therapy. There-
fore, the decision to introduce ECMO was carefully 
made with various factors considered, including physi-
cal performance, absence of active infection or non-lung 
organ damage, and availability of a medical service that 
allowed rehabilitation while on ECMO. Furthermore, the 
clinical course of respiratory deterioration was acute on 
chronic progression, and the patient’s physical activity 

Fig. 1 Timeline of the patient’s clinical course after ICU admission. ECMO extracorporeal membrane oxygenation, ICU intensive care unit, NPPV 
non-invasive positive pressure ventilation, PCO2 partial pressure of carbon dioxide, PCV pressure control ventilation, PSV pressure support 
ventilation, VV ECMO veno-venous extracorporeal membrane oxygenation
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was maintained until a few months before the event. We 
expected that he could survive if the acute element of 
respiratory deterioration would be resolved. All of these 
conditions considered, we decided to introduce ECMO.

Regarding patient management, prolonged pre-
ECMO invasive mechanical ventilation (> 7  days) is 
reportedly associated with increased mortality [5–8]. 
In fact, exceeding 7  days from intubation to ECMO 
is crucial in well-established risk prediction scores 
and is often considered a relative contraindication for 
ECMO therapy [5, 6, 9–12]. Therefore, the application 

of ECMO should be immediately discussed among rel-
evant medical professionals once the criteria are met. 
In the current case, the patient had already developed 
severe hypercapnic respiratory failure due to respira-
tory muscle fatigue prior to ICU admission, which 
could not be resolved by mechanical ventilation sup-
port alone. Prolonged exposure to hypercapnic respira-
tory failure and the accompanying acidosis can have 
detrimental effects on other organs and complicate the 
subsequent recovery process. The early initiation of 
ECMO is believed to have interrupted such a vicious 

Fig. 2 Chest X-ray images during the patient’s clinical course: A day 0 after ICU admission; B after ECMO initiation; C after removing ECMO; D before 
transfer. ECMO extracorporeal membrane oxygenation, ICU intensive care unit
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cycle, leading to avoidance of fatal side effects and 
successful weaning from ECMO. In addition, recent 
reports have revealed that early tracheostomy after VV 
ECMO initiation is associated with shorter ECMO sup-
port duration and ICU stay and lower hospital mortal-
ity rates [13, 14]. In this case, the patient underwent 
tracheostomy on day 5 after VV ECMO initiation and 
was subsequently weaned off VV ECMO within a short 
period. Converting airway management from oral intu-
bation to tracheostomy tube allows for reduction of 
airway dead space and resistance, aggressive patient’s 
mobilization, chest physiotherapy, and a more straight-
forward secretion clearance [13]. Diligent rehabilita-
tion during bridging ECMO is associated with positive 
outcomes after LT [15]. Ambulation after tracheostomy 
improves strength and pulmonary mechanics and facil-
itates lung recovery and weaning from ECMO support 
[13]. Overall, early ECMO initiation to flush retained 
 CO2 out, early tracheostomy, and implementation of 
thorough rehabilitation comprehensively contributed 
to the favorable outcome.

Conclusions
VV ECMO can be a feasible treatment option in case 
of respiratory deterioration of LT candidates on the 
long waiting list if careful consideration is given before 
application. Early judgment of treatment escalation in 
each step is key to successful management of patients 
requiring ECMO in this specific adverse situation. 
However, for the patient with multiple high-risk fac-
tors, long-term follow-up is essential to conclusively 
determine the appropriateness of treatment.

Abbreviations
BOS  Bronchiolitis obliterans syndrome
CLAD  Chronic lung allograft dysfunction
DSA  Donor-specific antibody
ECMO  Extracorporeal membrane oxygenation
HSCT  Hematopoietic stem cell transplantation
ICU  Intensive care unit
MFI  Mean fluorescence intensity
LT  Lung transplantation
VV  Veno-venous

Acknowledgements
We would like to thank Editage (www. edita ge. com) for English language 
editing.

Author contributions
YT collected the clinical data and wrote the manuscript. All authors read and 
approved the final manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Informed consent for publication was obtained from the patient.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1 Division of Thoracic Surgery, Department of Surgery, Faculty of Medicine, 
Shimane University, 89-1 Enya-Cho, Izumo, Shimane 693-8501, Japan. 2 Depart-
ment of General Thoracic Surgery and Breast and Endocrinological Surgery, 
Okayama University Graduate School of Medicine, Dentistry and Pharma-
ceutical Sciences, Okayama, Japan. 3 Department of General Thoracic Surgery 
and Organ Transplant Center, Okayama University Hospital, Okayama, Japan. 
4 Department of Pediatrics, Faculty of Medicine, Shimane University, Izumo, 
Japan. 5 Department of Anesthesiology, Faculty of Medicine, Shimane Univer-
sity, Izumo, Shimane, Japan. 

Received: 17 July 2023   Accepted: 31 August 2023

References
 1. Date H. Current status and problems of lung transplantation in Japan. J 

Thorac Dis. 2016;8(Suppl 8):S631–6.
 2. Harnisch LO, Moerer O. Contraindications to the initiation of veno-venous 

ECMO for severe acute respiratory failure in adults: a systematic review 
and practical approach based on the current literature. Membranes 
(Basel). 2021. https:// doi. org/ 10. 3390/ membr anes1 10805 84.

 3. Yoshiyasu N, Sato M, Anraku M, Ichiba S, Nakajima J. Lung transplant 
after long-term veno-venous extracorporeal membrane oxygenation: a 
case report. J Cardiothorac Surg. 2021;16:246. https:// doi. org/ 10. 1186/ 
s13019- 021- 01614-8.

 4. Rilinger J, Zotzmann V, Bemtgen X, Rieg S, Biever PM, Duerschmied D, 
et al. Influence of immunosuppression in patients with severe acute 
respiratory distress syndrome on veno-venous extracorporeal membrane 
oxygenation therapy. Artif Organs. 2021;45:1050–60. https:// doi. org/ 10. 
1111/ aor. 13954.

 5. Schmidt M, Bailey M, Sheldrake J, Hodgson C, Aubron C, Rycus PT, et al. 
Predicting survival after extracorporeal membrane oxygenation for 
severe acute respiratory failure. The Respiratory Extracorporeal Mem-
brane Oxygenation Survival Prediction (RESP) score. Am J Respir Crit Care 
Med. 2014;189:1374–82. https:// doi. org/ 10. 1164/ rccm. 201311- 2023OC.

 6. Schmidt M, Zogheib E, Rozé H, Repesse X, Lebreton G, Luyt CE, et al. 
The PRESERVE mortality risk score and analysis of long-term outcomes 
after extracorporeal membrane oxygenation for severe acute respiratory 
distress syndrome. Intensive Care Med. 2013;39:1704–13. https:// doi. org/ 
10. 1007/ s00134- 013- 3037-2.

 7. Brogan TV, Thiagarajan RR, Rycus PT, Bartlett RH, Bratton SL. Extracorpor-
eal membrane oxygenation in adults with severe respiratory failure: a 
multi-center database. Intensive Care Med. 2009;35:2105–14. https:// doi. 
org/ 10. 1007/ s00134- 009- 1661-7.

 8. Hemmila MR, Rowe SA, Boules TN, Miskulin J, McGillicuddy JW, Schuerer 
DJ, et al. Extracorporeal life support for severe acute respiratory distress 
syndrome in adults. Ann Surg. 2004;240:595–605. https:// doi. org/ 10. 
1097/ 01. sla. 00001 41159. 90676. 2d.

 9. Bartlett RH, Ogino MT, Brodie D, McMullan DM, Lorusso R, MacLaren G, 
et al. Initial ELSO guidance document: ECMO for COVID-19 patients with 
severe cardiopulmonary failure. ASAIO J. 2020;66:472–4. https:// doi. org/ 
10. 1097/ MAT. 00000 00000 001173.

 10. Lebreton G, Schmidt M, Ponnaiah M, Folliguet T, Para M, Guihaire J, et al. 
Extracorporeal membrane oxygenation network organisation and clinical 
outcomes during the COVID-19 pandemic in Greater Paris, France: a 
multicentre cohort study. Lancet Respir Med. 2021;9:851–62. https:// doi. 
org/ 10. 1016/ S2213- 2600(21) 00096-5.

http://www.editage.com
https://doi.org/10.3390/membranes11080584
https://doi.org/10.1186/s13019-021-01614-8
https://doi.org/10.1186/s13019-021-01614-8
https://doi.org/10.1111/aor.13954
https://doi.org/10.1111/aor.13954
https://doi.org/10.1164/rccm.201311-2023OC
https://doi.org/10.1007/s00134-013-3037-2
https://doi.org/10.1007/s00134-013-3037-2
https://doi.org/10.1007/s00134-009-1661-7
https://doi.org/10.1007/s00134-009-1661-7
https://doi.org/10.1097/01.sla.0000141159.90676.2d
https://doi.org/10.1097/01.sla.0000141159.90676.2d
https://doi.org/10.1097/MAT.0000000000001173
https://doi.org/10.1097/MAT.0000000000001173
https://doi.org/10.1016/S2213-2600(21)00096-5
https://doi.org/10.1016/S2213-2600(21)00096-5


Page 6 of 6Tomioka et al. Surgical Case Reports           (2023) 9:163 

 11. Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot G, Levy D, et al. Extra-
corporeal membrane oxygenation for severe acute respiratory distress 
syndrome associated with COVID-19: a retrospective cohort study. Lancet 
Respir Med. 2020;8:1121–31. https:// doi. org/ 10. 1016/ S2213- 2600(20) 
30328-3.

 12. Augoustides JG. Extracorporeal membrane oxygenation—crucial 
considerations during the coronavirus crisis. J Cardiothorac Vasc Anesth. 
2020;34:1720–2. https:// doi. org/ 10. 1053/j. jvca. 2020. 03. 060.

 13. DiChiacchio L, Boulos FM, Brigante F, Raithel M, Shah A, Pasrija C, et al. 
Early tracheostomy after initiation of venovenous extracorporeal mem-
brane oxygenation is associated with decreased duration of extracorpor-
eal membrane oxygenation support. Perfusion. 2020;35:509–14. https:// 
doi. org/ 10. 1177/ 02676 59119 898327.

 14. Nukiwa R, Uchiyama A, Tanaka A, Kitamura T, Sakaguchi R, Shimomura 
Y, et al. Timing of tracheostomy and patient outcomes in critically ill 
patients requiring extracorporeal membrane oxygenation: a single-
center retrospective observational study. J Intensive Care. 2022;10:56. 
https:// doi. org/ 10. 1186/ s40560- 022- 00649-w.

 15. Rehder KJ, Turner DA, Hartwig MG, Williford WL, Bonadonna D, Walczak RJ 
Jr, et al. Active rehabilitation during extracorporeal membrane oxygena-
tion as a bridge to lung transplantation. Respir Care. 2013;58:1291–8. 
https:// doi. org/ 10. 4187/ respc are. 02155.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/S2213-2600(20)30328-3
https://doi.org/10.1016/S2213-2600(20)30328-3
https://doi.org/10.1053/j.jvca.2020.03.060
https://doi.org/10.1177/0267659119898327
https://doi.org/10.1177/0267659119898327
https://doi.org/10.1186/s40560-022-00649-w
https://doi.org/10.4187/respcare.02155

	Successful management of temporary veno-venous extracorporeal membrane oxygenation for a pediatric lung transplant recipient with bronchiolitis obliterans syndrome awaiting lung re-transplantation: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


