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Bridging patients to lung transplant with
mechanical ventilatory support has been a
long-standing practice, albeit one with an
established risk of increased mortality
compared with those bridged without
support (1). Extracorporeal membrane
oxygenation (ECMO) as an alternative
bridge to transplant was generally avoided
because of poor outcomes (2), but in 2005
the Lung Allocation Score (LAS) was
adopted for children 12 years and older,
reducing the potential waiting time, such that
ECMO as a bridge becamemore feasible (3).
Coupled with the development of double-
lumen catheters and ambulatory ECMO
strategies, venovenous ECMO has become an
accepted tool to bridge adult candidates to
lung transplant (4). Previous work reviewing

data from the Organ Procurement and
Transplantation Network (OPTN) registry
did not identify a difference in survival
among children (,18 yr old) (5) or
adolescents (12–17 yr old) (6) bridged to
lung transplant with ECMO compared with
those receiving a lung transplant without
ECMO as a bridge.

In this issue ofAnnalsATS, Thompson
and colleagues (pp. 415–423) report the
outcomes of children who received ECMO as
a bridge to lung transplant (7). The study was
a retrospective analysis of the OPTN registry
that reported 1- and 5-year survival for
children,21 years old who received a lung
transplant between 2004 and 2019 (7).
Outcomes were compared among three
groups: those bridged to lung transplant with
ECMO support (with or without mechanical
ventilation), mechanical ventilation (without
ECMO), or neither (7).

The authors reported that, although at
hospital discharge patients bridged to lung
transplant with ECMO had an associated
increased risk of mortality, long-term
survival of children receiving ECMO as a
bridge to lung transplant was comparable to
those who required neither ECMO nor
ventilatory support (7). The 1-month
Kaplan-Meier estimated survival after lung
transplant was 88% (95% confidence interval
[CI], 78–94%) for children bridged to
transplant with ECMO compared with 97%
(95% CI, 96–98%) among children not
requiring ECMO or mechanical ventilation.
At 1 year, a stable difference in survival
persisted between the two groups: 84% (95%
CI, 72–91%) among ECMO-supported
patients versus 92% (95% CI, 90–94%)
among patients not requiring life support. At
5 years post-transplant, both groups had an
estimated survival of approximately 50%.

This suggests that children bridged to lung
transplant with ECMO initially have a higher
pretransplant severity of illness that confers a
short-term risk of increased mortality, but
over the medium to long term the difference
stabilizes and then dissipates. This is further
supported by the authors’ finding that
children who were bridged to lung transplant
with mechanical ventilation (but without
ECMO) had comparable survival at 1 month,
1 year, and 5 years post lung transplant to
children bridged to lung transplant with
ECMO.

Over the 15-year course of the study,
only 68 children (6.7%) received ECMO as a
bridge to transplant, but approximately 80%
were adolescents or young adults and 31
(46%) were between 18 and 21 years old.
Nonetheless, the proportion of children
receiving ECMO as a bridge to transplant
increased from 0% in 2004 to 16.7% in 2018,
similar to adult lung transplant patients (8).
Although the rarity of ECMO as a bridge to
lung transplant and its relative growth is
expected, the very limited number of
patients in a national registry reinforces the
importance of multicenter collaborative
research to assist lung transplant centers in
identifying candidates for ECMO bridging to
lung transplant.

Some of the limitations of the current
work also serve as a reminder that existing
lung transplant registries (e.g., OPTN
Database or the International Society for
Heart and Lung Transplantation Registry)
are missing key data elements to inform the
best strategies of ECMO support in bridge to
lung transplantation. For example, the
present study did not report on ECMO
cannulation strategies, which may
considerably affect the risk and outcome
profile, or what proportion of patients who

This article is open access and distributed
under the terms of the Creative Commons
Attribution Non-Commercial No Derivatives
License 4.0. For commercial usage and
reprints, please e-mail Diane Gern
(dgern@thoracic.org).

DOI: 10.1513/AnnalsATS.202112-1325ED

Ann Am Thorac Soc Vol 19, No 3, pp 357–362, Mar 2022
Internet address: www:atsjournals:org

Editorials 357

http://orcid.org/0000-0002-3645-0359
http://orcid.org/0000-0002-1307-4274
http://orcid.org/0000-0002-0638-2586
https://doi.org/10.1513/AnnalsATS.202103-250OC
http://crossmark.crossref.org/dialog/?doi=10.1513/AnnalsATS.202112-1325ED&domain=pdf&date_stamp=2022-02-15
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
https://doi.org/10.1513/AnnalsATS.202112-1325ED
http://www.atsjournals.org


received ECMOwere awake and active. One
of the benefits of ECMO as a bridge to lung
transplant is that it can enable the cessation
of sedation, removal of the endotracheal
tube, and active rehabilitation (1, 9). Many of
these gaps could be addressed by merging
transplant and ECMO registries, as has been
previously done for pediatric heart
transplantation (10). Future studies should
also consider cannulation strategies that are
most likely to facilitate active rehabilitation
and potentially reduce complications while
awaiting transplantation. Some examples
might include dual-lumen right internal
jugular cannulas that drain blood from the
right atrium and reinfuse it into the
pulmonary artery, thus providing mechanical
right ventricular support as well as
extracorporeal gas exchange; tunneling the
ECMO cannula to reduce the risk of
infection; or surgically implanting a
paracorporeal oxygenator (11).

Also, because lung transplant registries
naturally only include patients who receive
lung transplants, it is difficult to know what
might happen to similar patients who did not
receive transplants. Future work with
combined lung transplant and ECMO
registries may help address the urgent need
to identify candidates who are most likely to
be successfully bridged to transplant.

Regarding candidacy, only 10% (7/68) with
ECMO support as a bridge to lung transplant
had pneumonia or acute respiratory distress
syndrome (ARDS) (7), but this may become
increasingly relevant as a result of the
coronavirus disease (COVID-19) pandemic.
There have been early reports in COVID-19
of using ECMO as a bridge to lung transplant
(12). A difficult question in acute lung
disease, such as ARDS, is when to transition
the goal of ECMO from a bridge to recovery
to a bridge to transplant. It is unknown
which children will recover after prolonged
ECMO support (13). Children requiring
ECMO support for ARDS likely have an
in-hospital mortality risk of 30–40%, but
most who survive to hospital discharge are
anticipated to have long-term survival (14).
Conversely, none of the 7 children receiving
a lung transplant for pneumonia or ARDS
died before hospital discharge, but the
mortality at 5 years after transplant was 50%
(7). The most common cause of death
beyond the first year after pediatric lung
transplant is chronic lung allograft
dysfunction (15). Expectant waiting for
recovery may also carry attendant risks,
because increasing ECMO support days are
associated with increasing complications
(16), although Thompson and colleagues
were unable to demonstrate an association

between the duration of ECMO (per day or
in patients with.30 d of ECMO) and death
at hospital discharge after lung transplant
(7). Nonetheless, it is important to note that
although the LAS makes access to donor
organs in 2–4 weeks feasible for adolescents
and adults on ECMO in the United States,
for children,12 years old the LAS does not
apply, which can lead to much longer
waitlist times. These prolonged waitlist
times may contribute to the low transplant
numbers observed in preadolescent
children.

This study reinforces both that ECMO
can bridge children to lung transplant with
long-term outcomes that are comparable to
lung transplant without ECMO and that
early mortality remains higher because the
patients are critically ill at the time of lung
transplant. As the authors indicate, this study
also highlights the need to better understand
how patients should be selected and cared
for when considering ECMO as bridge
to transplant. That research will
undoubtedly require large multicenter
collaborative research and will be most
efficient if it can rely on merging existing
registries.�

Author disclosures are available with the
text of this article at www.atsjournals.org.
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Chronic kidney disease is a growing public
health problem that affects 9.1% of the world
population (1), including 37 million people
in the United States (2). Chronic kidney
disease is predominantly diagnosed and
classified based on estimated glomerular
filtration rate and urine albumin excretion
(3). Albuminuria may be the first clinical
manifestation of chronic kidney disease, and
in glomerular diseases such as diabetic
kidney disease, albuminuria usually presents
before the reduction in glomerular filtration
rate (4). Furthermore, albuminuria is
associated with underlying hypertension and
obesity and is a well-established risk factor
for chronic kidney disease progression and
cardiovascular events (3).

Over the past two decades, there have
been significant advances in our

understanding of mechanisms associated with
the progression of chronic kidney disease,
including genetic, behavioral, metabolic, and
other novel risk factors (5). However, despite
the high prevalence of sleep disorders among
patients with chronic kidney disease, the
association between sleep disorders and early
markers of kidney disease such as
albuminuria remains understudied. In the
general population, the prevalence of sleep
disordered breathing is estimated to be 10%.
Among patients with chronic kidney disease,
prevalence estimates are much higher, ranging
from 25% in patients with early stages of
kidney disease to 70% among patients with
end-stage kidney disease. Of note, this finding
does not seem to be explained by known
factors such as age, body mass index (BMI),
or other comorbidities (6). Therefore, there is
a critical need to better understand the
association between sleep disorders and
chronic kidney disease.

Prior studies have reported significant
associations between prevalent sleep
disordered breathing and albuminuria in
diverse community-based cohorts (7, 9, 10),
as well as among patients with diabetes (6)
and hypertension (7). In this issue of
AnnalsATS, Murase and colleagues
(pp. 451–461) report the results of a large
community-based (8), cross-sectional study
evaluating the association between sleep
disordered breathing, blood pressure, and
albuminuria. They evaluated more than
6,000 individuals enrolled in the Nagahama
study who wore a wrist actigraph for at least
5 days and a pulse oximeter for at least 2
days and provided a spot urine sample for
measurement of urine albumin to creatinine
ratio. In addition, a subset of participants
(5,313) underwent daytime and nighttime
home blood pressure measurements to

evaluate blood pressure as a potential
mediator of the association between sleep
disordered breathing and albuminuria.
Patients with end-stage kidney disease, those
with active malignancy, and those receiving
treatment for sleep disordered breathing
were excluded from the study. Sleep
disordered breathing was defined using the
actigraphy-modified 3% oxygen desaturation
index (ODI) and the cumulative percentage
of sleep time with oxygen saturation,90%.
At study entry, the mean age of participants
was 58 years, 67% were women, 35% had
hypertension, 6.5% had diabetes, and the
mean BMI was 22 kg/m2.

In this study, moderate to severe sleep
disordered breathing (defined as ODI> 15)
was found in 12.4% of participants, and
moderately increased albuminuria (defined
as urine albumin to creatinine ratio
30–299 mg/g) in 7.0%. Albuminuria was
higher among individuals with moderate to
severe sleep disordered breathing compared
with those with mild (ODI 5 to,15) or no
sleep disordered breathing (ODI, 5). After
adjusting for the presence of obesity,
hypertension, and diabetes, individuals with
moderate to severe sleep disordered
breathing had higher odds of albuminuria
(odds ratio, 1.90; 95% confidence interval
[CI], 1.36–2.65). Furthermore, mediation
analysis revealed that systolic blood pressure
(measured in the morning and during sleep)
explained 28.3% (95% CI, 14.9–41.7%) of the
association between sleep disordered
breathing and albuminuria, suggesting that
other mechanistic pathways might be
involved.

Interestingly, Murase and colleagues did
not find a significant association between the
cumulative percentage of sleep time with
oxygen saturation less than 90% and
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