
Physical Function in Subjects Requiring Extracorporeal Membrane
Oxygenation Before or After Lung Transplantation

Kate Hayes PT MPhysio, Carol L Hodgson PT PhD, Vincent A Pellegrino MD, Greg Snell MD,
Benjamin Tarrant PT, Louise M Fuller PT, and Anne E Holland PT PhD

BACKGROUND: Extracorporeal membrane oxygenation (ECMO) is used as a rescue therapy
before and after lung transplantation, but little is known about functional recovery or complications
after ECMO in this cohort. This study aimed to describe early physical function and leg compli-
cations in subjects who received ECMO before or after lung transplantation, and to compare
functional outcomes to a matched cohort of subjects who did not require ECMO. METHODS: A
retrospective study was conducted over 2 years. Highest mobility level was assessed, in both the
ECMO and non-ECMO groups, prior to ICU admission, at ICU discharge, and at hospital dis-
charge, while 6-min walk distance was measured at hospital discharge and at 3 months. Strength
was assessed at ICU discharge and at hospital discharge in the ECMO subjects only, and leg
complications were recorded up until hospital discharge. RESULTS: 17 subjects (mean age 43 � 13 y;
65% (11 of 17 subjects) female) required ECMO before or after lung transplant. Survival to
hospital discharge was 82% (14 of 17 subjects). At ICU discharge, strength and mobility levels were
poor, but both improved by hospital discharge (P < .001). Leg complications were reported in 50%
of survivors (7 of 14 subjects). ECMO survivors spent longer in the ICU (P < .001) and hospital
(P � .002) and had worse physical function (ie, lower mobility level at ICU discharge, mean
difference �1, P � .02; 6-min walk distance at hospital discharge: mean difference �99 m, P � .004)
than lung transplant recipients not requiring ECMO (n � 28). CONCLUSIONS: In subjects
requiring ECMO before or after lung transplantation, 82% survived to hospital discharge, but leg
complications were common and physical function was poor at ICU discharge. Physical function
improved over time, however subjects who required ECMO had a longer period of hospitalization
and worse physical function at ICU and hospital discharge than those who did not require ECMO.
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Introduction

Lung transplantation is an established therapy for select
patients with end-stage lung disease. The number of lung

transplants performed worldwide has steadily increased,1

with the demand for lung transplantation outnumbering
the donor organ supply, resulting in waiting list mortality.
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In this setting, extracorporeal membrane oxygenation
(ECMO) may be considered as a bridge to lung transplan-
tation until compatible donor lungs become available.

ECMO provides temporary support of heart and/or lung
function by a modified cardiopulmonary bypass machine.2

It can be inserted in a venovenous configuration for pure
respiratory support or in a venoarterial configuration for
combined cardiac and respiratory support. Early reports of
ECMO as a bridge to lung transplantation were not favor-
able,3 and many centers considered ECMO and mechani-
cal ventilation as a contraindication to lung transplanta-
tion. In recent years, with significant improvement in
ECMO technology, several studies have shown promising
outcomes related to the use of ECMO as a bridging strat-
egy4-6 as well as a rescue therapy after lung transplantation
for primary graft dysfunction or other complications such
as severe pulmonary hypertension.7,8

ECMO may involve cannulation of the femoral vessels,
and lower limb sequelae have been reported in patients
who required ECMO before or after heart transplantation.9

These leg complications may have an impact on physical
function, participation in rehabilitation, and health-related
quality of life (HRQOL), but to date they have not been
reported in patients before or after lung transplantation
with differing ECMO configurations. Although survival
after ECMO has improved, little is known about the early
physical function of patients who require ECMO before or
after lung transplantation, and whether it differs from trans-
plant recipients not requiring ECMO. In addition, there
may be a difference between the physical function out-
comes of patients who require ECMO before versus after
lung transplantation. This information may assist in the
development of targeted treatment strategies and modifi-
cation of potential risk factors for future complications.

The aims of this study were to describe early physical
function and leg complications in subjects who received
ECMO before or after lung transplantation, and to com-
pare physical function with lung transplant recipients not
requiring ECMO.

Methods

A retrospective, single-center study was conducted be-
tween September 2012 and September 2014 at the Alfred
Hospital in Melbourne, Australia, a tertiary referral hos-
pital for ECMO in Australia, which also provides a lung
transplantation program. This work was supported by an
Australian Government Research Training Program Schol-
arship. This study received local ethics approval. Data
were extracted from the prospectively updated physiother-
apy ECMO database and hospital transplant database. Con-
secutive subjects, aged � 18 y who received ECMO be-
fore or after lung transplantation were included. Patients
were excluded if they did not meet the criteria for ECMO

and lung transplantation, including the presence of any
additional severe chronic organ failure (liver, cardiac, re-
nal), acute brain injury, recent malignancy, age � 70 y,
any other contraindication to lung transplantation or re-
versible respiratory failure not necessitating listing for lung
transplantation. All lung transplant patients who did not
receive ECMO over the same time period were identified
from the hospital transplant database and formed a com-
parison group for functional outcomes. They were matched
(2:1) with the ECMO group for age (� 5 y) and gender.

ECMO Criteria and Configuration

The decision to use ECMO was made by a team com-
posed of ECMO-trained intensive care specialists, lung
transplant physicians, and cardiothoracic surgeons. Crite-
ria for the use of ECMO were according to established
hospital protocols.10 Choice of ECMO configuration was
determined by the clinical need and anatomical limitations
of each subject. In hemodynamically stable subjects, veno-
venous ECMO was provided via a dual-lumen cannula

QUICK LOOK

Current knowledge

Extracorporeal membrane oxygenation (ECMO) is in-
creasingly being used as a rescue therapy for patients
both prior to and after lung transplantation. Survival
after ECMO in this population has improved, but little
is known about the early physical function, leg com-
plications, or health-related quality of life of survivors
and whether it differs between those requiring ECMO
before versus after transplant. It is also unclear whether
physical function outcomes are different for lung trans-
plant patients not requiring ECMO.

What this paper contributes to our knowledge

Subjects requiring ECMO before or after lung trans-
plantation had very poor muscle strength and mobility
levels at ICU discharge. Physical function improved by
hospital discharge and continued to improve after dis-
charge from hospital. Lung transplant recipients requir-
ing ECMO required longer periods of mechanical ven-
tilation, spent longer in the ICU and hospital, and had
worse physical function than non-ECMO subjects. ICU
stay was the only significant predictor of physical func-
tion at hospital discharge. Vascular and sensory neuro-
logical leg complications were common in subjects who
underwent ECMO via femoral vessel cannulation and
accounted for 10% of hospital readmissions in the first
year after lung transplantation.
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(Avalon, Maquet-Getinge, Rastatt, Germany) in the right
internal jugular vein11 or percutaneously placed femoro-
femoral cannulae (Medtronic, Minneapolis, Minnesota) in-
serted under ultrasound guidance. Where concomitant car-
diac support was required, peripheral venoarterial ECMO
was delivered through percutaneously placed femoro-fem-
oral cannulae under ultrasound guidance. This routinely
included insertion of an ante-grade 8.5 French distal per-
fusion cannula (Mayo, Rochester, Minnesota) at the time
of ECMO commencement to prevent limb ischemia. Fem-
oral artery cannulation sites were repaired surgically after
decannulation. The ECMO circuit consisted of a Jostra
Rotaflow centrifugal pump (Maquet-Getinge) and a
Quadrox oxygenator (Maquet-Getinge).

Routine Care and Medications

Our approach to steroid use before lung transplant is to
prescribe steroids only for patients with pulmonary fibro-
sis or those requiring re-transplant; and these prescriptions
are low in dose (�10 mg prednisolone per day). After lung
transplant, all subjects received steroids (2 � 500 mg pred-
nisolone intra-operatively, 150 mg on day 1 postopera-
tively and 1 mg/kg thereafter, reducing to 20 mg by 5 mg
per day, and typically still at 15 mg by 3 months).

At our center, ECMO prior to lung transplantation re-
quires that patients be awake and spontaneously breathing
without ventilator support, therefore sedation and neuro-
muscular blockers were not used routinely. Subjects who
required ECMO after transplantation were universally se-
dated and mechanically ventilated to facilitate safe lung
ventilation. Daily sedation targets were generally aimed at a
Richmond Agitation and Sedation Scale (RASS)12 score of 0
to �2 with daily sedation breaks. Continuous neuromuscular
blockers were not routine, although short-term paralysis was
occasionally used to facilitate procedures where required. A
retrospective review of the medical history was used to check
for adherence to the above protocol.

Clinical and Demographic Characteristics

Demographic and clinical characteristics were recorded
from the database and included age, gender, etiology of
lung disease, ECMO type and duration, ICU and hospital
length of stay (LOS), and in-hospital mortality. The Acute
Physiology and Chronic Health Evaluation II (APACHE
II) score was calculated at ICU admission. Development
of organ system dysfunction was recorded during the ICU
stay from a retrospective review of the medical histories.
Multiorgan dysfunction syndrome was defined as the con-
current dysfunction of 2 or more organ systems not in-
volved in the disorder that resulted in ICU admission.13

Hospital readmissions, LOS, and cause for readmission
were recorded for the first year after lung transplantation.

Scheduled readmissions for routine follow-up (eg, endo-
bronchial biopsy) were excluded.

Physical Function

All physical function data were collected according to
standardized protocols by trained physiotherapists. The
highest level of subject mobility was recorded in the week
prior to ICU admission, and at ICU and hospital discharge
using the ICU mobility scale (IMS). This was recorded in
both the ECMO and non-ECMO lung transplant groups.
The IMS measures the highest level of mobility on a scale
of 0 to 10, with 10 being the best score.14 While on ECMO,
the highest level of mobility achieved was also recorded
using the IMS. Where subjects continued on to transplant,
6-min walk distance (6MWD) was measured using a stan-
dardized procedure15 at hospital discharge and at 3 months
after discharge, and results were compared between the
ECMO and non-ECMO lung transplant groups. Muscle
strength was assessed in the ECMO subjects using the
Medical Research Council sum-score (MRC) at ICU and
hospital discharge. The MRC includes isometric strength
assessment of 3 upper limb and 3 lower limb muscle groups
bilaterally on a 0–5-point ordinal scale to obtain a maxi-
mum score of 60.16 A score of � 48 indicates ICU-ac-
quired weakness.17,18 Muscle strength was not assessed in
the non-ECMO cohort.

Standard care rehabilitation before lung transplant con-
sisted of out-patient supervised exercise training classes
2–3 times a week while on the transplant waiting list. The
content of these sessions was based on established pulmo-
nary rehabilitation guidelines.19

Our standard rehabilitation program for patients after
lung transplant, including those requiring ECMO, was ini-
tiated in the ICU as early as the first postoperative day
with the goal of achieving the highest level of mobility
each day and progressing to ambulation where possible.
While on ECMO, rehabilitation began with resistance and
range of motion exercises for the upper and lower limbs,
progressing to sitting, standing, and, ultimately, ambula-
tion, as medical stability allowed. When patients were dis-
charged from ICU after lung transplantation and were able
to independently mobilize on the ward, they commenced
12 weeks of supervised, gym-based, aerobic and strength-
ening exercises for 1 h, 3 times a week.

Leg Complications

Leg complications were recorded from the time of ECMO
commencement until hospital discharge and included vas-
cular complications (eg, multiple vascular repairs, fas-
ciotomy, embolectomy, seroma requiring repeated drain-
age or surgical intervention and limb amputation during or
after ECMO) and neurologic complications (eg, defined as
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motor or sensory deficit on neurological exam, abnormal
nerve conduction study, magnetic resonance imaging).

Health-Related Quality of Life

HRQOL was assessed in the ECMO group at hospital
discharge using the Short-Form General Health Survey
(SF-36) Version 2. The SF-36 yields 8 domain scores: phys-
ical functioning, role physical, bodily pain, general health,
vitality, social functioning, role emotional, and mental health.
The 8 domain scores are combined into 2 norm-based sum-
mary measures, providing overall estimates of physical health
(physical component score) and mental health (mental com-
ponent score). Domain scores are presented as percentage
scores ranging from 0 (worst) to 100 (best), and norm-based
scores are standardized for population data, where mean � SD
is 50 � 10.20 To illustrate the degree of impairment and the
domains particularly affected, median SF-36 scores were com-
pared with Australian normative values.21 HRQOL was not
assessed in the non-ECMO group.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics Version 22 for Windows (SPSS, Chicago, Illinois).
Continuous variables were expressed as mean � SD, and
ordinal variables were presented as medians [interquartile
ranges (IQR)]. Comparison between groups was performed
using independent t tests for continuous data or Mann-
Whitney U tests for nonparametric continuous variables.
The chi-square or Fisher exact test was used for categor-
ical variables. To investigate change over time, a paired
t test was performed for continuous data or the Wilcoxon
signed-rank test for nonparametric data. Results were con-
sidered statistically significant at P � .05. Univariate anal-
yses were undertaken to determine the association between
each potential predictor variable and 6MWD at hospital
discharge. Variables demonstrating P � .2 on univariate
analysis were entered into a multiple linear regression
model. When variables were found to be collinear (eg,
ICU LOS, ventilation days, hospital LOS), only one was
included in the model (ICU LOS).

Results

Over the 2-year study period, a total of 117 patients
underwent ECMO support, of which 17 (15%) received
ECMO either before or after lung transplantation; 7 before
lung transplant and 10 after lung transplant (Fig. 1). The
majority of subjects (15 of 17, or 88%) underwent femoral
vessel cannulation (Table 1). The median duration of me-
chanical ventilation was 7.5 d (IQR 4.0–15.0). Three sub-
jects (1 with ECMO before lung transplant and 2 with
ECMO after lung transplant) had multiorgan dysfunction

syndrome. Subjects who underwent ECMO before lung
transplant had a higher APACHE II score than subjects
receiving ECMO after lung transplant (Table 1). Of the 7
subjects who received ECMO before lung transplant, 2
required deep sedation (RASS � �4), intubation, and ven-
tilation and became ineligible for transplant and were pal-
liated. The remaining 5 subjects were managed per the
routine sedation and paralysis protocol before lung trans-
plant. Six of the subjects requiring ECMO after lung trans-
plant required deep sedation (RASS � �4) while on
ECMO, with the remaining 4 subjects having a RASS
score between �1 and �2 as per protocol; none received
continuous neuromuscular blockers after transplant.

Overall survival to hospital discharge was 82% (n � 14);
2 subjects died while on ECMO prior to lung transplant,
and 1 subject died after lung transplant in the ICU from
complications unrelated to ECMO. All subjects who sur-
vived to hospital discharge were alive 1 year after lung
transplantation.

In the week prior to ICU admission, all subjects who
required ECMO after lung transplant (n � 10) were am-
bulating independently with or without a gait aide, and
5 subjects were attending pre-transplant rehabilitation. In
comparison, subjects who required ECMO before lung
transplant were more debilitated; 1 subject was bed-bound
in the 48 h prior to start of ECMO, 2 subjects were limited
to transferring from the bed to an armchair, while the
remaining 4 subjects were ambulating with or without a
gait aide on the ward. All of the non-ECMO subjects

Fig. 1. Flow chart. ECMO � extracorporeal membrane oxygen-
ation.
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(n � 28) were ambulating independently with or without
a gait aide in the week prior to ICU admission.

All subjects who required ECMO after lung transplant
(n � 10) were sedated, ventilated, and resting in bed for
the duration of ECMO, and they received only passive
range of motion exercises of the upper and lower limbs.
Two subjects who required ECMO before lung transplant
mobilized out of bed while on ECMO, either to transfer
from the bed to a chair or to march in place at the bedside.
Both of these subjects had ECMO cannulation of the neck
vessels via a dual-lumen cannula. Two more subjects who
required ECMO before lung transplant were awake on
ECMO and participated in active strength exercises of the
upper and lower limbs in bed, while the remaining 3 subjects
received passive range of motion exercises as they were se-
dated or medically unstable for the duration of ECMO. The
main reasons for not mobilizing out of bed while on ECMO
were venoarterial femoral cannulation, deep sedation, me-
chanical ventilation, and medical instability.

Lung transplant subjects who required ECMO had more
days of mechanical ventilation and a longer ICU and hos-
pital LOS than those who did not require ECMO (Table 2).
The highest mobility level achieved at ICU discharge was
also lower in the ECMO lung transplant group (IMS me-
dian 6) compared to the non-ECMO group (IMS median
7). This translates to the ECMO lung transplant subjects
being limited to marching in place at the bedside versus

the non-ECMO subjects ambulating away from the bed-
side with the assistance of 2 or more people at ICU dis-
charge. This improved by hospital discharge in both groups
(median � 10) to a level where subjects were indepen-
dently walking without a gait aide (Table 2). There was
more variability in the mobility levels of subjects in the
ECMO group (IMS 7�10) compared to the non-ECMO
group (IMS 9–10). The ECMO group took longer to reach
mobility milestones than the non-ECMO group.

The ECMO lung transplant cohort had a lower 6MWD
at hospital discharge (mean difference �99 m, 95% CI
�33 to �165, P � .004). In a multiple regression analysis
that included ICU LOS, group (ECMO vs no ECMO), and
diagnosis (cystic fibrosis vs no cystic fibrosis), a longer
ICU LOS was the only significant predictor of lower 6MWD
at hospital discharge (standardized beta � �.50, P � .004).
Use of ECMO was not an independent predictor in this
model (standardized beta � 0.11, P � .50), reflecting the
much longer ICU LOS in the ECMO group (Table 2).
Both groups had significantly improved their 6MWD by
3 months after discharge (P � .001), with no differences
between groups at this time point.

Muscle strength at ICU discharge was poor in the ECMO
cohort (MRC score 44 � 10), with 64% of survivors (9 of
14 subjects) having an MRC strength score of � 48/60,
indicating ICU-acquired weakness. Muscle strength im-
proved by hospital discharge but remained below normal

Table 1. Demographic and Clinical Details of Subjects Who Underwent ECMO Before or After Lung Transplantation

ECMO Before Lung Transplant (n � 7) ECMO After Lung Transplant (n � 10) P

Age, y 42.1 � 11.5 44.1 � 14.2 .77
Female, n (%) 5 (71) 6 (60) � .99
ECMO duration, d 10.0 (4.5–16.0) 5.0 (4.0–6.0) .35
ICU LOS, d 17.0 (7.5–24.0) 12.0 (8.0–36.0) .85
Hospital LOS, d 48.8 � 25.5 35.2 � 16.1 .24
APACHE II 24.0 (20.0–25.5) 14.5 (14.0–17.0) .001
Diagnosis, n (%) .07

Cystic fibrosis/bronchiectasis 4 (57) 1 (10)
COPD, asthma, and obliterative bronchiolitis 1 (14) 4 (40)
Pulmonary hypertension 0 (0) 4 (40)
Pulmonary fibrosis 1 (14) 1 (10)
Re-transplant 1 (14) 0 (0)

ECMO type, n (%) .02
Venoarterial femoral 1 (14) 8 (80)
Venovenous femoral 4 (57) 2 (20)
Venovenous dual lumen internal jugular vein 2 (29) 0 (0)

In-hospital mortality, n (%) 2 (29) 1 (10) .54
Discharge destination, n (%) .51

Home 5 (71) 7 (70)
In-patient rehabilitation 0 (0) 2 (20)

Values are presented as mean � SD, median (interquartile range), or as a number (%). P values represent the difference between before- and after-transplant groups.
ECMO � extracorporeal membrane oxygenation
LOS � length of stay
APACHE II � Acute Physiology and Chronic Health Evaluation II
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levels (mean improvement MRC 11, 95% CI 7–15,
P � .001). There was no significant difference in physical
function outcomes between subjects who underwent ECMO
before versus after lung transplantation.

Leg complications were observed in 50% of ECMO sur-
vivors (7 of 14 subjects), including vascular and sensory neu-
rological injuries (Table 3). The vascular injuries occurred in
6 of 9 subjects who underwent femoral venoarterial ECMO,
while the neurological injuries were seen in subjects who
underwent femoral venoarterial or venovenous ECMO. The
neurological injuries were confined to sensory deficits, with
no motor deficits noted. There was no significant difference
in 6MWD or SF-36 scores between subjects who had a leg
complication compared to those who had no complication.
All survivors who had a leg complication were able to com-
plete the 12-week post-transplant rehabilitation program, with
only minor modifications required; lower limb resistance ex-
ercises including squats and leg press exercises were removed
for those with vascular complications.

Subjects undergoing ECMO had lower SF-36 scores at
hospital discharge than Australian norms across all do-
mains except role emotional (Fig. 2). The SF-36 physical
component score was also lower in our cohort than Aus-
tralian norms (mean difference � 24.07, P � .003), while
there was no difference for the mental component score.

The majority of ECMO survivors (79%, 11 of 14 sub-
jects) required hospital readmission within the first year
after lung transplantation, with 39 readmissions in total,

Table 2. Lung Transplant Survivors Who Underwent EMCO vs No ECMO, Matched for Age and Gender

ECMO (n � 14) No ECMO (n � 28) P

Age, y 41.8 � 12.8 41.2 � 13.4 .90
Female, n (%) 8 (57.1) 16 (57.1) � .99
Hospital data

APACHE II 16.5 (14.0–20.0) 14.0 (12.0–20.0) .16
Ventilation, d 5.0 (3.5–14.0) 1.0 (1.0–1.5) � .001
ICU LOS, d 15.0 (8.0–26.0) 5.0 (3.0–7.5) � .001
Hospital LOS, d 40.1 � 20.1 19.2 � 5.8 .002

Diagnosis, n (%) .07
Cystic fibrosis/bronchiectasis 5 (35.7) 18 (64.3)
COPD, asthma, and obliterative bronchiolitis 4 (28.6) 5 (17.9)
Pulmonary hypertension 4 (28.6) 1 (3.6)
Pulmonary fibrosis 1 (7.1) 4 (14.3)

Physical function
IMS ICU at discharge 6 (5–7) 7 (6–8) .02
IMS at hospital discharge 10 (9–10) 10 (10–10) .006
6MWD at hospital discharge, m 285 � 112 384 � 93 .004
6MWD at 3 months, m 541 � 133 584 � 67 .32

Discharge destination, n (%) .11
Home 12 (85.7) 28 (100)
In-patient rehabilitation 2 (14.3) 0 (0)

Values are presented as mean � SD, median (interquartile range), or as a number (%). P values represent the difference between ECMO versus no ECMO groups.
ECMO � extracorporeal membrane oxygenation
APACHE II � Acute Physiology and Chronic Health Evaluation II
LOS � length of stay
IMS � ICU mobility scale
6MWD � 6-min walk distance

Table 3. Leg Complications After ECMO

Subject
ECMO
Type

Leg Complication

1 Venoarterial Left femoral artery thrombectomy and vein
patch repair of false aneurysm

2 Venoarterial Right femoral artery multiple vascular
surgeries, ilio-popliteal bypass, ischemic
right foot with ongoing infection leading
to amputation of toes

3 Venoarterial Left groin seroma with long-term drain
in situ; dense paresthesia left thigh

4 Venoarterial Right groin hematoma and infection; right
femoral artery reconstruction and vein
patch repair

5 Venoarterial Stenosis of external iliac vein resulting in
significant left leg edema, managed
conservatively

6 Venovenous Right leg paresthesia and neurogenic pain
7 Venoarterial Right groin seroma and right thigh

numbness, bilateral pins and needles

ECMO � extracorporeal membrane oxygenation
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including 8 subjects who required multiple readmissions.
The median number of readmissions was 2 (IQR 1–4)
with a median LOS of 7 d (IQR 4–17). The causes for
readmission were chest infection (36%, 14 of 39 subjects),
rejection (21%, 8 of 39 readmissions), lower limb vascular
complications related to ECMO (10%, 4 of 39 readmis-
sions), and miscellaneous (33%, 13 of 39 readmissions).

Discussion

To our knowledge, this is the first study to describe
early physical function outcomes in subjects undergoing
ECMO before or after lung transplantation, compared to
those who did not require ECMO. The majority of the
ECMO subjects demonstrated severe muscle weakness at
ICU discharge, indicative of ICU-acquired weakness. The
cause of this weakness is likely multifactorial, with an
interplay between preexisting muscle weakness associated
with chronic lung disease22,23 and critical illness requiring
ECMO. Pre-morbid weakness prior to ECMO may be a
factor; however, only 1 subject was bed-bound in the 48 h
prior to ECMO commencement, and the majority of sub-
jects were ambulating independently. The grading of mus-
cle weakness prior to the initiation of ECMO is unknown
because this was not objectively assessed due to the acute
presentation of subjects to ICU.

A number of factors have been associated with the de-
velopment of ICU-acquired weakness18 and may be re-
lated to the worse physical function in the ECMO group.
These include differences between the groups in the use of

steroids and neuromuscular blockers, presence of multior-
gan dysfunction syndrome, sedation levels and muscle in-
activity levels. The use of steroids post lung transplant was
the same between the groups and therefore unlikely to be
a contributory factor. Continuous neuromuscular blockade
was not used in either group and is therefore unlikely to be a
confounding factor and multiorgan dysfunction syndrome
was not common in either group. Both groups had similar
APACHE II scores at ICU admission, but the ECMO group
required a longer period of sedation and mechanical ven-
tilation and longer ICU LOS. A longer period of immo-
bilization related to being on ECMO may have been a
contributing factor to the lower functional level. Prolonged
immobility is associated with decreased muscle protein
synthesis and muscle atrophy,24 while critical illness is
associated with an increased catabolic state with up-regu-
lation of pro inflammatory mediators and changes in mus-
cle composition leading to muscle weakness.25

The majority of subjects requiring ECMO underwent
femoral cannulation, which may have been a barrier to
early mobilization. Only two subjects mobilized out of bed
while on ECMO, both of whom had dual lumen cannula.
The majority were sedated and mechanically ventilated for
the duration of ECMO, including all subjects that required
ECMO post lung transplant. Previous studies have reported
that femoral cannulation, sedation and mechanical venti-
lation are barriers to the early mobilization of ECMO pa-
tients,26,27 and there are no published studies to date de-
scribing the ambulation or out of bed rehabilitation of
patients with femoral venoarterial ECMO. Over half of the
subjects in our study underwent femoral venoarterial
ECMO and required higher sedation levels than our pro-
tocol aims. Recent studies have reported higher levels of
mobility while on ECMO in comparison to our study, but
they included awake subjects that had upper body cannula-
tion (dual lumen cannula) rather than femoral, venovenous
rather than venoarterial ECMO, and not mechanically venti-
lated.28-30 Whereas our study included both pre and post lung
transplant ECMO patients, these recent studies consisted
mostly of bridge to lung transplant subjects.28-30

With physiotherapy rehabilitation, our ECMO subjects
showed improvements in muscle strength and mobility
status over time, with near normal muscle strength and
independent walking by hospital discharge. These results
compared favorably with those of 18 survivors of ARDS
that underwent venovenous ECMO,31 in whom 83% de-
scribed muscle weakness at hospital discharge and only
67% were ambulant. Our study cohort had similar APACHE
II scores but a shorter ECMO duration [median 5 d (IQR
4–10) versus 11 d (IQR 4–16)]. The ARDS cohort may
have experienced a longer period of immobilization as a
result of the prolonged ECMO duration. Our study cohort
also had a longer hospital LOS compared to the ARDS
cohort (40.1 d vs 28.4 d). Discharge from ICU and hospital

Fig. 2. Comparison of SF-36 scores in lung transplant subjects
who received extracorporeal membrane oxygenation (ECMO, n �
11) versus Australian population norms (data from Reference 20,
N � 3,015). SF-36, Short-Form General Health Survey (version 2);
PF, physical functioning; RP, role physical; BP, bodily pain; GH,
general health; VT, vitality; SF, social functioning; RE, role emo-
tional; MH, mental health. **P � .005, *P � .05.
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is determined by medical readiness and is not reliant on
the achievement of a specified functional status. If patients
are medically ready for discharge but have not achieved
premorbid level of function, they are transferred to another
facility for in-patient rehabilitation. It may be that the lung
transplant cohort had ongoing medical issues that were not
present in the ARDS group and thus led to the increased
hospital LOS. The longer hospital LOS in the lung trans-
plant cohort may also have allowed for more rehabilitation
once out of ICU, which may account for the higher level
of physical function and higher discharge rate direct to
home (86% vs 44%).

HRQOL in our ECMO survivors was impaired at hos-
pital discharge compared to that of Australian norms, re-
vealing problems with work or other daily activities be-
cause of physical health and pain. HRQOL was only
measured at hospital discharge in our ECMO cohort, which
may partly account for the lower scores. Other studies
reporting on HRQOL in ECMO survivors32 have reported
significant improvements in HRQOL as time from hospi-
tal discharge increases, and longer-term follow-up is war-
ranted in this population. HRQOL was not assessed in the
non-ECMO lung transplant subjects, therefore comparison
between the groups is not possible but is warranted in
future studies.

Among the 14 survivors, 7 (50%) reported complica-
tions involving the lower extremity. Six subjects (43%)
developed vascular complications, which occurred in over
half of subjects (67%, 6 of 9 subjects) who had femoral
venoarterial ECMO. This rate is higher than that reported
in a study of 101 subjects requiring femoral venoarterial
ECMO.33 Aziz et al33 reported a vascular complication
rate of 18%, using cannulation techniques very similar to
that described in our study. Our cohort was entirely com-
posed of lung transplant patients, whereas the etiology of
the subjects in the Aziz et al33 study is unclear but appears
to be a mix of cardiogenic shock and patients with ARDS.
Impaired wound healing after lung transplant secondary to
immunosuppression and the need for femoral artery sur-
gical repair after ECMO arterial decannulation may be
related to the higher complication rate seen in our lung
transplant cohort.

Although our study showed no significant difference in
6MWD or HRQOL between subjects with a leg compli-
cation and those without, this may be due to the small
sample size and warrants further investigation in a larger
cohort of ECMO patients. The impact of leg complications
on participation in post-transplant rehabilitation also was
minimal, with only minor modifications to the exercise
program required. A small percentage (10%) of readmis-
sions in the year following lung transplantation was di-
rectly related to vascular complications related to ECMO.
Longer-term monitoring of these leg complications is re-
quired to determine whether these complications persisted

or lessened over time. In addition, the impact of early,
more intensive rehabilitation during the ICU stay on phys-
ical function, HRQOL, and leg complications warrants
further investigation.

Our study has several limitations. First, our study is a
single-center retrospective study. Second, our population
of subjects was a mixed cohort receiving both venoarterial
and venovenous femoral and dual-lumen cannulation for a
variety of medical and post–lung transplant causes. This
was, however, representative of the population of patients
requiring lung transplantation. Detailed evaluation of the
different populations is warranted in larger trials. Although
our study is the first to report on early physical function
and lower limb complications in subjects before and after
lung transplantation, the numbers are too small to draw
definitive conclusions and preclude any detailed subgroup
analyses. The multiple regression analysis is also limited
by the small sample size, and results should be viewed as
hypothesis-generating rather than generalizable to the wider
ECMO population. HRQOL and strength were only as-
sessed in the ECMO group and were not available for the
non-ECMO subjects, so comparison could not be made
between the groups for these measures. Finally, level of
function prior to the implementation of ECMO was not
objectively assessed as subjects often presented acutely or
were transferred from other hospitals. However, a ret-
rospective review of the medical history revealed that
only 1 subject was bed-bound in the 48 h prior to ECMO
initiation. Potential benefits from this study include new
knowledge about the early physical function, leg com-
plications, and HRQOL of subjects who have under-
gone ECMO before and after lung transplantation. Fur-
thermore, this study identifies increased hospital LOS
and worse physical function in lung transplant recipi-
ents requiring ECMO versus those who did not require
ECMO. This may assist in the development of targeted
treatment guidelines for this patient population, which
currently do not exist.

Conclusion

This was the first study of early physical function after
ECMO as a rescue therapy for subjects before or after lung
transplantation, with comparison to non-ECMO lung trans-
plant recipients. In this study population, subjects requir-
ing ECMO had poor physical function at ICU discharge,
but this improved by the time of hospital discharge, with
the majority of subjects discharged directly to home. A
longer period of mechanical ventilation and longer ICU
and hospital LOS, along with lower physical function at
ICU and hospital discharge, were observed in the ECMO
group compared to the non-ECMO group; this may be
related to the ECMO cannulation strategy and the level of
sedation in the ECMO group. ICU LOS was the only
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significant predictor of physical function at hospital dis-
charge. HRQOL was poor at hospital discharge in the
ECMO subjects and warrants further investigation with
longer-term follow-up, as does the incidence and impact of
complications involving the lower limb in subjects receiv-
ing femoral ECMO.
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