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1. Introduction

Bridge to Lung Transplant

Lung transplantation is routinely performed for selected patients with respiratory failure. However,
approximately25% of patients on the waiting list die before a suitable donor becomes available or are
removed from the waiting list due to deteriorating health rendering lung transplantation futile and
inappropriate. Therearetherefore a substantial proportionof patients who would benefit from ventilatory
supportto bridge themto transplant. Traditionally, mechanical ventilation (MV) has formed the mainstay of
this bridging support but it is not sufficient for all patients and has been associated with devastating
complications and poor post-transplant outcomes (Todd etal 2017) which meansthatlung transplants are
rarelyperformed ininvasivelyventilated patients any more. An alternative to MVis extracorporeal life support
which comprises extracorporeal membrane oxygenation (ECMO) and interventional lung assist (iLA).

Extracorporeal life support (ECLS)

ECMO andilAaretechniques for providing respiratorysupport forthose people whoselungs are no longer
ableto sustain life despite all othertherapeuticand supportiveinterventions. Treatment is provided for
criticallyill peoplein a level 3 critical carearea. Bloodis removedfromthe patient’scirculation and passes
through a gas exchanged device before being returned to the circulation. ECMO removes blood from the
venous circulation which is then pumped through a gas exchange deviceand isreturned to either thearterial
circulation(veno-arterial (VA) ECMO) or the venous circulation (veno-venous (VV) ECMO). VV ECMO provides
respiratory supportonly whereas VAECMO can provide full cardiorespiratory support. TheiLArelies on
patients own arterial blood pressure to drive blood flow from an artery throughtheilA typically without a
mechanical pump, bloodis then returned to the venous circulation. TheilAcanallow clearance or carbon
dioxide but has limited capacity for oxygenation and no capacity for circulatory support.

Thesetechniques have been usedin respiratory failure for several decades but the poor outcomes traditionally
experienced by patients who received ventilationsupport while on the waiting listhave until recently made
these a contraindication to transplant. However, this view has begunto change after the publication of the
CESAR trial which clearly showedan improvementin the mortality andsevere disability at 6-month follow up
of patients with severerespiratoryfailure who had been randomised to treatmentwith ECMO inan expert
high-case-volume centre compared with no specialised hospital care (Peek etal 2009). Popularityfor using it
as a method of bridging to transplantis now increasing as improved technologyandclinical expertise, together
with thoughtful, deliberate patient selectionis resultinginthe emergence of a strongbodyof evidence that
outcomes on ECMO for bridge to transplant (BTT) are comparable to those of non-bridged patients
(Hoetzenecker etal 2017; Hayangaetal 2018; Todd etal 2017).

Complications

ECMO s aninvasive procedure and complicationsarecommonanditis therefore associated with significant
increases in morbidity and mortality. Complications can berelated to the underlying lung pathology that
needed ECMO, or with the ECMO procedureitself (surgical insertion, circuit tubing or anticoagulation etc)
(Majdisiand Wang 2015):

e The mostcommon complication is bleeding which can occurattheinsertionsiteor any other tissue
site, pulmonaryhaemorrhage or intracerebral haemorrhage.

e Systemic thromboembolismdueto thrombus formation withinthe extracorporeal circuit.

e Neurological complications are highlyvariable andinclude seizures, infarction and haemorrhage.

e Arrhythmias may occuras a result of hypoxia andelectrolyteimbalanceor an underlining cardiac
pathology.

e Oliguriaisa commonlyobservedrenal complication during the early part of ECMO and acutetubular
necrosis is observed insome patients and may require hemofiltrationand dialysis.

e Septic complications may also result because the ECMO circuit represents a large intravascular foreign
body, and frequent manipulationincreases the risk of infection.

e Metaboliccomplicationsinclude electrolyte imbalances, and hypoor hyperglycaemia.




e Gltractcomplicationsinclude haemorrhage which may occur as a result of stress, ischemia, or
bleeding tendencies.

e Directhyperbilirubinemia and biliary calculimay occur secondary to prolonged fastingand total
parenteral nutrition, haemolysis, and diuretics.

Technological developments

Significantadvances in technology andclinical expertise have taken place overthe pastdecade, whichhave led
to improvements in outcomes using ECMO BTT. The new ECMO systems are simpler and safer and reduce the
risk of many of the complications listed above. They include the use of heparin-coated circuits which are less
thrombogenic and produce | ess activation of bl ood cells, polymethylpentene membranes which increases the
durabilityand prevent plasma leak, magnetically | evitated centrifugal pumps which are durableand | ess prone
to wear, and better cannulas whichare easyto insert percutaneouslyandallows less bleeding around them
(Cypel and Keshavjee 2012). These developments combined with improvements in patient selection have
madeitpossibleto bridge successfully (to transplant) a set of sel ected extremely sick patients (Hoetzenecker
et al 2018) and haveresulted in1-yearsurvival post-transplant nearly equivalentto thatseeninpatients not
receivingany bridging support, and a near doubling of the 5-year post-transplant survival over this time
(Hayangaetal 2015).

Procedural developments

In addition to developments in ECMO technology there have been considerable advances in ECMO BTT
practiceand procedures. ECMO has traditionally been carriedoutin heavily sedated patients to prevent
inadvertent cannula dislodgement, to avoidrespiratory compromise andto deal with agitation and airhunger.
However, thereis now growing evidence for the beneficial outcomes of adoptinganawake ECMO strategy
either by commencing ECMO on awake patients or by awakening patients on ECMOonceithas been initiated.
The benefits of this are the avoidance of many of the complications associated with immobilisation, prolonged
ventilation and enteral feeding. The patients can maintaintheir musculoskeletal strength, nutritionandairway
clearance. Recentadvancesinthe cannulation equipment canprovide full respiratory support while permitting
patients to be separated from mechanical ventilation and to ambulate and participatein physiotherapy while
awaiting transplantation.

Thereis a substantial body of evidence for the survival and safety benefits of ECMO compared with MV as
methods of ventilatorysupport. More generally this beganwith the CESAR trial (Hayes et al 2014) which
revealed a superiority of ECMO over MV in potentially reversible respiratoryfailure patientbuthasnow been
extended to include the benefitsin BTT. Fuehner etal (2012) compared post-transplant outcomes of pati ents
BTT with either awake ECMO or conventional MV and found thatsurvival at6 months post-transplant was
significantly better in the awake ECMO group (80% vs 50% respectively). Interestingly, the survival rateofthe
awake ECMO patients dropped to 43% when secondary intubation became necessary. Similarly, a study
comparing patients with ECMO BTT with and without MV was conducted ata centrein Milan (Nosotti et al
2013) andfound spontaneously breathing patients on ECMO BTTshowed a tendency to require a shorter
duration of invasive MV, ITU stay hospital stay after transplantation than patients on MV BTT. One-year
survival rate was 85.7%in patients with spontaneous breathingvs 50% in patients with invasive MV.

Further to this, thereis now alsoemerging evidence that suggests that awake ECMOresults in post-transplant
outcomes in highrisk patients comparable to those requiringno bridging supportatall. For example, Mohite
et al (2015) report post-transplant outcomes of a cohort of patients bridged to transplantwith awake ECMO
who achieved a 1-yearsurvival notsignificantly different to patients receiving lung transplant without any
bridging support (awake ECMO 85.7% vs. non-ECMO 86.3%). Admittedly, numbers in each of these studies has
tended to be small becauseitis difficult to have many awake patients on ECMO atanysinglecentre, but the
favourable outcomes are becoming increasingly apparent.

A review was performed of patients receiving lungtransplants at Harefield Hospital between 2010 and 2016
(unpublished data). 339 transplantations were performed during this time with 34 patients receiving BTTwith
various types of ECLS. When survival of entire ECLS populationwas comparedto the non-BTT patients it was
found to besignificantlylower (figure 2a). However, when patients having retransplants (knowntobe higher
risk) were excluded no significant difference was observed (Figure 2 b). Similarlyif the patients who underwent
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semi-el ective ECLS implantation was also excludedthere was no significant difference (figure 2c). When first
time ECLS bridged patients who stayed self-ventilated for at least half of the duration of support were
considered, their survival even atlong-term follow up was equivalent to those receiving standard non-bridged
support(1lto4years):81.7vs.84.6%,71.1vs.80.8%,71.1vs.73.9%and71.1vs.67.7 % (Log Rank p=0.77).
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Taken together, these studies suggest that notonlycan ECMO BTT provide aneffective method of bridging
criticallyill patients to potentially lifesavingtransplant, it may also offer a significant post-transplant survival
benefit over the traditional method of support with MV. Moreover, the benefits insafety and survival offered
by ECMO might be further enhancedby the adoption of an awake ECMO strategy.

Theremay also bean economicadvantage to the adoptionof an awake and ambulatoryapproach to ECMO
BTT. Inthe US, Bain etal (2016) conducted an economicevaluationof thecosts of care associated with a
cohort of patients who were ambulatory and could be rehabilitated while supported with ECMO BTT
compared with a cohort who were notambulatory. Ambulatory ECMO patients hada 22%($60,204) reduction
intotal hospital cost, a 73% ($104,939) reductionin post-transplant ICU cost,and11% ($32,133) reductionin
total cost compared with non-ambulatory ECMO patients. Although thisevaluation was based on a small
cohortof patients (total sample of 9 patients)in asingle centre, it provides some initialsupport that awake
ECMO strategies offer a financial advantage over traditional sedated strategies.

The clinical problem

At Harefield hospital selected patients are currentlybridged to lung transplantation with ECMO funded by non-
NHS patientrevenue. Following the implementation of the Super Urgent Lung AllocationSchemeinMay2017
the average waiting timeto lung transplant for this group of patientsis 10 days. The introduction of this
changeto the national waitinglist gives this group of patients a realistic chance of a transplant within a short
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timeallowing forthe use of ECMO for a short periodto bridge these patients to lung transplant. Use of ECMO
would improve post-transplant outcomes for this clearly defined group of patients, who otherwise have no
chanceof survival.

Indications for ECMO and expected survival without it

The approach to allocation of ECMO BTT has generallybeen to restrictitto patients who are refractory to
maximal respiratory support but who otherwise remain viable candidates for transplantation (Shafii et al
2012). Without ECMO most of these patients would not survive to transplant and would die (Cypel and
Keshavjee 2012, du Perrotetal 2011, Hoetzenecker etal 2018).

Itis very difficult to quantify theriskof death inpatients whoneed ECMO BTT butdo notreceiveitasdata on
thisisrarelycollected and presented. However, one study lookingat the waitinglist mortality rate before and
after the introduction of ECMO BTT noticed that the implementation of the Lung Allocation Score (LAS)
schemein the United States significantly reduced the waiting list mortalityrate for patients with idiopathic
pulmonary fibrosis and cystic fibrosisbut did not affect the waiting list mortality rate for idiopathic pulmonary
arterial hypertension (PAH) patients. However, a comparison of mortality on the waiting listof PAH patients
between 1997 and 2005 before the use of ECLS and between 2006 and 2010 when this technology was more
readily available demonstrated a reductionin therate of death of PAH patients from 22% to 0% which was
attributed to the use of this ECLS in these patients (Du Perrotetal 2011).

Although the mortality rates differ in other conditions commonly resultinginacute respiratoryfailureand the
need for ECMO, it demonstrates that patients who are otherwise excellent candidates for transplant often die
on the waiting list because they aretoo sick to survive until an organ becomes available. Without ECMO, the
only alternativeis to support them by maximal MVin theintensive care unit, but this can further aggravate the
lung injury and often leads to remote organ dysfunction with subsequent high mortality before or after
transplant. For many of these patients, refractory hypercapnia or hypoxemia will devel op despite maximal
ventilatory supportand therefore extracorporeal life support (ECLS) is their only chance to survive until a
compatible donor lung becomes available.

Assessing post-transplant outcomes of ECMO BTT

As ECMO is reserved for patients who arecritically illandinwhom all other respiratory supportis failing, they
tend to sickerandathigher risk of poor outcomes and death than thoseinwhom ECMO is notindicated. This
has consistently been supported in the evidence: ECMO BTT patients tend to be younger, with cystic fibrosis
and PAH over-represented (lus etal 2018, Hayanga etal 2018, Todd etal 2017), and have higher LAS and lower
functional status (Toddetal 2017). Patients on ECMO alsotend to havemore evidence of multiple organ
system dysfunction, as evidenced by a higherincidence of dialysis, poorer kidney function, and elevated
bilirubinbefore transplantation (Schechter etal 2016).

This criticallyill state of ECMO BTT candidates has severalimplications when assessingthe evidence for
outcomes of bridging and transplantinthese patients. Firstly, it means thatinmostcases ECMO BTT is their
only chance of survival and death is an almostinevitable consequence of notreceiving ECMO. Secondly, the
near certainrisk of death means thatitis not possible to compare outcomes of transplant between patientsin
this critically ill state who did or did not receive ECMO, as thosewho do not receive it will not survive to
transplant. Thirdly, it means that comparisons made with a surrogate ‘next best’ control group -those who did
notrequirebridging support—will be skewed by differences in baseline levels of health and functionality. For
the purposes of this evidence review, this will contribute to an overly conservative impression of the survival
outcomes offered by ECMOBTT as the baseline riskof mortality is so muchgreater inthese patients.

As mentioned above, thefactthat ECMO isinitiated in patients as a lastresort treatment option meansthatit
is extremely difficult to assess the impact of this treatment on survival. Evaluation of most therapeutic
interventions relies on comparisons with the best available alternative, or withno treatmentatall. Inthecase
of ECMO thereis no available alternative as by definition, ECMO willonly beinitiated when all alternatives
havefailed orarenolonger sufficient to sustainlife,and if ECMOQis notinitiated then death is nearly certainin
100% of patients. Anideal body of evidence would include studies where patients on the waiting list for lung
transplantwho were atthe point of fulfilling the indicationfor ECMO (i.e.worsening respiratory function
needing ECMO to stay alive) were randomised to receiving ECMO or not receivingECMO, butnotonly would
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this be unethical on clinicalgrounds, it would notyield anyuseful outcome data because those not receiving
ECMO would quickly deteriorate and die beforetransplantationoccurred. Well conducted cohort studies
wherethe only differencein the patient groups beingcompared aretheintervention they aregiven arealso a
good source of evidence of effectiveness and safety of interventions. However, inthe case of ECMO these too
suffer fromthe same problemthatany patienton thetransplant waiting list who needs ECMOfor survival but
does notreceiveitwill dieon the waiting list. Theirinclusionas controlsincohort studies evaluating ECMO i s
therefore notsensibleand not used inthe publishedliterature.

Given thattheindications for ECMO precludethe use of patientswho have a level of respiratory failure
requiring ECMO butdo notreceiveitasa control group, a rationalalternative is to compare patients receiving
ECMO BTT with patients who do not need ECMO BTT. As lung transplantationisa high-risk procedure with
associated mortality and complications, this has the benefit of providing a comparative setof outcome data
which contextualises the outcome data of ECMO BTT patients andgives someindication of magnitudes of
effectand risk. Thisis thereforetheapproach takenin this evidence review.

2.Summary of results

Eightstudies were used in this review: one systematicreview andseven cohort studies containingbetween 12
and 68 patients on ECMOBTT. All the cohort studies included comparison of post-transplant outcomes in an
ECMO BTT cohortand a non-bridged cohort of patients, and some contained additional comparison groups.

Survival

All studies reported 1-yearsurvival, two reported 3-year survival andthreereported 5-year survival (in all
cases ‘survival’ means survival after transplant). Results suggest that 70-90% of patients who receive ECMO
BTT arestillaliveat1 year,around60-80% arealiveat3 years,and arounda 65%arealive at 5 years post-
transplant. Therate of survivalis no worseincriticallyill patients requiring ECMO compared with lessill
patients who survive to transplant without ECMO bridging support. Thereisalsoevidence that survival is
better in patients receiving ECMO BTT than in those receiving MV (either with or without ECMO).

Quality of life and functional status

Health-related quality of life (HRQL) was reported by one study. Patients on ECMO BTT achieved similar
improvements in HRQL and depressive symptoms as those who did not require ECMO bridging, these
improvements were greatestin thefirst sixmonths post-transplantand then remained stableat12 months.
Functional status was also assessed inonly one study and showed thatthe 1-year post-transplantfunctional
status of patients on ECMO BTT was equivalent to that of non-bridged patientsand could be described as
excellent.

Complications

General complications were reported infive studies, acute graft rejection infour studies, long-term graft
survivalinonestudy and post-operative ventilation infourstudies. Acutegraftrejectionisnotclearly worse
in ECMO BTT than non-bridged patients and long-term follow up suggests that overall graft survivalis equal.
The impact of ECMO BTT on post-transplant ventilation requirements is alsounclear but the higherrates seen
in ECMO BTT patients insome studies maybe explained by concurrent MV use. More convincingly though,
ECMO BTTis associated with higherrates of some serious complications such as bleeding, delirium, myopathy
and vascular andthrombotic events, althoughthe exact magnitude of theserisks is difficult to determinedue
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to heterogeneity in the post-transplant outcomes and indicators used in different studies. ECMO is associated
with a risk of mortality in patients on this treatment, based on five studies around20%-30% of patients die
on ECMO beforetransplantation.

Duration pre-transplant ECMO and length of stay

Duration of ECMO was reported by five studies and ranged fromameanof3.2 to 15 days. There is little
certainty aboutthe exact durationto expectasthe rangesare bigwithinstudies, butitseemstobe the case
thatdurations do nottend to exceed around 16 daysinthe majority of patients. There is a general trend
towards thereporting of longer hospital and ITU stays in patients receiving ECMO BTT but big variability
within studies and between studies makes it difficult to i dentify the exact magnitude of difference or indeed
be clearabout whether any differences are statistically significant.

Awake versus sedated ECMO

Although severalstudiesincluded both awake andsedated patientsintheir ECMO BTT cohorts, only one
study made a substantial comparison of post-transplant outcomes in these ECMO strategies. Thereis
suggestion that an awake ECMO strategy offersasurvival advantage over sedated strategies which use
concurrent MV.

Cost effectiveness

None of the studies provided any data on cost or cost effectiveness of ECMO BTT.

Interventional Lung Assist (iLA)

None of thestudies provided dataoniLA.

Limitations

No studies provided data on cost effectiveness of ECMO BTT. As randomized control trials are neither
practicalnor ethical this review included observationalstudies anda systematicreview. Some of the studies
had small samplesizes, particularly inthe ECMO BTT group, andincluded patients recruited over long periods
of time when ECMO technologyand practice mayhave changed.

3.Methodology

The reportaimedto identify and assess the evidence comparing the effectiveness and safety of ECMO as
bridgeto lungtransplant compared to best supportive care (no bridging).

The Medline databases were searchedfor any systematicreviews, clinicaltrialsor observational studies that
reported post-transplant outcomes for ECMOBTT and iLABTT compared with patients not receiving bridging
support priorto lungtransplant. No restrictionon study post-transplant outcomes was used inthe search. Full
details of the search strategy are availableinsection 9 (literature search terms). Exclusion criteriaincluded:

e Onlypapers publishedin lastten years wereincluded. There have been significantadvancesin ECMO
technology, practice andsafety overthe last decade andstudies published before thistime may be
presenting results thatdo notreflect outcomes of current practice which will limit applicability to the
research questions.

e Only papers thatreportresults of patient samples whichinclude a proportion recruitedin thelast ten




years wereincluded. Thisis for the samereasons outlined above. [t was chosen not to restrict all
recruitmentto thelastten years as severalstudies used long patient recruitment periods whichspan
beyond thelastten years to some extent.

e Only papers which reported results for 10 or more patients who underwent ECMO BTT or i LA were
included. These procedures are highly technical andincluding single case reports or small case series
might have included poorer outcomes obtained from patients with unusual circumstances
(warrantingcase reports)or centres who have not completed a learningcurve. The selection of a
threshold of 10 patientsis arbitrary but reflects the general distinctionbetween small case series
reports andmore comprehensively deigned observational studiesat larger centres or groups of
centres. From a data analysis point of view the exclusion of verysmall studies also reduces the risk of
type 1 and 2 errors (over or under estimating the causalinference).

e Onlypaperswhich included a defined control group whoreached transplant without receiving

bridging support wereincluded. Lungtransplantationis a high-riskprocedure, even when no bridging
is required, and has associated complicationsandmortality. It is therefore essential to review
outcomes of ECMO BTT and iLABTT in light of the outcomes expected from lung transplantalone.
Conference abstracts were excluded due to difficulty in assessing methods and quality.
Non-English language articles would have been excluded due to lack of translationfacilities, unless
they were thought to add substantially to the English language evidence base. The search and
abstractreviewincluded non-English language articles,andno potentially eligible articles were
identified for consideration.

Full detailsof thesearch areavailableinsection 10 (search strategy). In brief, 402 abstractswere screened,
and 31 selected forfull text review. The reference lists of evidence reviews and eligible studies were screened
andthisidentified no new eligible studies. 8 eligible studies were identified whichfulfilled the search criteria
and the exclusion criteria. Theseare described in section 11 (evidence selection).

4.Results

Overall results

Eight studies were used in this review; one systematicreviewandsevencohort studies. Of the cohort
studies, sixwereretrospective andone was prospective, sixwerefroma singlecentreandone used data
obtained from an organ sharing database. No papers werefoundonilA. Follow-upof ECMO BTT patients
and controls ranged from 1-yearto 5-years. Although each studyincluded a control groupof non-bridged
patients, the ECMO strategy inthe ECMO BTT group varied between studies (i.e. whether ECMO BTTalone
was given or ECMO+MV), as did the inclusion of other comparison groups (MV alone). As bridging strategy
appearsto have potentially important impact on post-transplant outcomes data fromall groupsisincluded
inthis review. There was also variation inthe post-transplant outcomes reported andthe measures and
indicators used to express these. This heterogeneity makes it difficult to combine theresults of studies so
insteada descriptive analysis of the results of most of the post-transplant outcomes has been undertaken
for this evidencereview.

Overall survival (including post-transplant) in patients receiving ECMO or iLA as
bridge to transplant

Survival
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All studies included post-transplant survival at 1-year as anoutcome, two included survival at 3-years and
threeincludeditat5-years.

1-yearsurvival

The proportion of patients surviving to 1-year post-transplantcanbeseenin Table 1.Survival is broadly
similar across all the groups, ranging from 75%-91% in non-bridged patients and68%-100% in ECMO BTT
groups (regardless of strategy). AlthoughTodd etal 2017 report 100% survival of ECMO BTT patients at 1-
year, they had a small samplesizesothis maynotbea reliable and generalisable estimate of survival in this
population. Kolaitis etal 2018 and Chiumelloetal 2015 do not presentdata forthe non-bridged patients,
butthe remaining studies all found there to be no statistically significant difference between the ECMO
BTT and non-bridged patients 1-year survival.

There may, however, be some effect of ECMO bridging strategy adopted. Hayanga et al 2018 report no
difference between the MV only groupandthe ECMO + MV and non-bridged group but Schechter et al
2016 foundsurvival inECMO + MV patients to be significantly lower than that of ECMO alone or non -
bridged patients.

This suggests that 1-year survivalin ECMO BTT is equivalent to that of non-bridged patients andis likely to
be intherange of 60-80%.

Table1:1-yearsurvival reported by bridgingstrategy, % of cohort

Study No support ECMO only/ | ECMO+MV | ECMOonly | MVonly
ECMO+MV

Schechteretal 2016 | 84.2% 61% 70.4% 72%

Hayangaetal 2018 84% 77% 81%

lus etal 2018 90% 79%

Todd et al 2017 91% 100%

Kolaitisetal 2018 97%

Lehmannetal 2015 71% 68%

Toyoda etal 2013 83% 74%

Chiumelloetal 2015 50-90%

3-yearsurvival

Two good-sized, recent studies alsoreport survival at 3-years. Both include a control cohortwho have not
received bridging support but the ECMO bridging strategies and additional comparisongroups differinthe
two studies. Schechter et al 2016 report the difference in survival at 3 years between the 3 bridge
strategies was significant (p=0.0097), but survival forpatients on ECMO alone was not significantly
differentfromthose requiring no support (P =0.16). Patients requiringeither MV alone or ECMO + MV had
significantlyworse survival compared with patients not requiring support (P <0.0001for both) (see Table
2).Hayangaetal 2018 reported very similarsurvival probabilities at 1-yearand3-yearsin thethreegroups
they assessed and (not statisticallydifferent) but they did notinclude an ECMO only groupfor comparison.

Table 2:3-yearsurvival reported by bridgingstrategy, % of cohort

Study No support ECMO only/ | ECMO+ MV | ECMO only MV only

11




ECMO+MV
Schechteretal 2016 | 67% 45% 65% 57%

Hayangaetal 2018 73% 77% 56%

5-yearsurvival

The proportion of patients survivingto 5 years can beseenintable 3. lusetal 2018 reporta 5-year post-
transplantsurvival rate of 65%in ECMO BTT (no statistically significant difference compared with those not
bridged). Hayanga etal 2018 also reportsimilar 5-year survival probabilities with no statistically significant
difference between them, but their ECMO BTT group areall on MV (compared to the majorityof thelus et
al 2018 ECMO BTT cohort who are awake and not on MV). Lehmann et al 2015 report slightly lower
survival at5 years but the study includes patients recruited a longer time agowhen ECMO techniques may
not havebeen so good. Again, no differenceinsurvival at5 years was found between the groups.

Table 3:5-yearsurvival reported by bridgingstrategy, % of cohort

Study No support ECMO only/ | ECMO + MV ECMO only MV only
ECMO+MV

lusetal 2018 | 71% 65%

Hayanga et al | 59% 66% 43%

2018

Lehmann etal | 52% 34%

2015

In summary, theseresults suggest that 70-90% of patients who receive ECMOBTT arestillalive at 1 year
post-transplant, around 60-80% are alive at 3 years post-transplant,and arounda 65%arealiveat5-years
post-transplant, andthis rate of survival is no differentto that of patients not receiving any bridging
support. Thereis also some evidence thatsurvival is better in patients receiving ECMOBTT than in those
receiving MV (either with or without ECMO).

Quality oflife on ECMO

Quality of Life and functional status
Health-related quality of life

Only onestudylooked at health-related quality of life (HRQL) as a post-transplant outcome. Kolaitis et al
2018 reported changesin scores on 5 different measures of HRQLfrom pre-transplantto 6 months post-
transplantinpatients on ECMO BTT, patients who were hospitalised (inpatients) but not on ECMO, and
patients who werecalled in fora transplantas outpatients.

Before transplantation, HRQL and depressive symptoms were similar among the 3 groups, although
outpatients reported better baseline HRQL on two of the surveys (SF12-MCS and EQ5D). After
transplantation, HRQLand depressive symptoms generally improvedacrossall 3 groups. Overall, peak
improvementinHRQLanddepressive symptoms wasseenintheearly period, within 6 months post-
transplantation, andremained stable through to 12 months post-transplantation. The magnitude of these
early improvements at 6 months varied by instrument. The greatestimprovement was seen in respiratory -
specificHRQL, but there were alsosubstantial improvements in health utility and depressive symptoms,
and someimprovementin generic mental HRQL.
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In summary, patients ill enough to require ECMO BTT achieve similar improvements in HRQL and
depressive symptoms as those who are less ill and do not require ECMO bridging support. These
improvements are greatestinthe 6 months post-transplantandthen remainstableto 12 months. Thereis
a lowto moderate uncertainly with these conclusions, the studywas high quality and used several different
measures of HRQLwhich maketheresults reliableand valid, butonly one study with relatively small
samplesizeincluded measures of HRQLas an outcome.

Functional Status

Onestudy included assessment of post-transplant functional status. Toddetal 2017 used the Karnofsky
scaleindex which is an assessment tool for functionalimpairment. Ascore of 50-70 on the Karnofsy
Performance Status (KPS)Scale signifies i nability to work butlivingathome and able to care for most
personal needs. Score of 80-100signifies ability to carry out normal activity and work with no assistance
needed.

Post-transplant Karnofsky scale functional status scores foreachof the 12 patients undergoing ECMO BTT
reported as between 70 and 100 (median=90, mean=87.5). The 1-year post-transplant functional status in
ECMO BTT group was notdifferent from the non-bridgedgroup. It was concludedthat 1-year functional
status was excellentinboth groups. However, they highlight thatthisisin a select group of patients (under
65 years old, ambulatory before deterioration, no other organ dysfunction and good rehabilitation
potential).

Theseresults suggest thatthereis no difference between the post-transplant functional status of critically
ill patients requiring ECMO BTT andlessillpatients who do not require ECMO bridging support, however
there is some degree of uncertainty around this. Although the study is of high quality and used a
recognisedandvalidated measure of functional status, the findings were based on relatively few patients
inthe ECMO group who have been selected for ECMO on the basisof being of good functional status
before deterioration, therefore the extent to which theseresults would be generalisableto patients who
were less well functioning or older is questionable.

Clinical effectiveness and safety of ECMO or interventional lung assistance (iLA) in
improving survival to transplant among patients listed to transplant

Complications
Death on ECMO pre-transplant

Fivestudies reportrates of death of patients while on ECMO awaitinga lung transplant. lus et al 2018
provide the most comprehensive data on this, they reportthat 19/87 (22%) patients required ECMO BTT
butdied beforetransplantationafter amediansupporttime of 9 (4-14) days. Deathwasdue to bleeding
(cerebral n=4, other n=2), acute haemodynamic decompensation (cardiopulmonary resuscitationn=2, right
heartfailure n=6), sepsis (n=4), massive haemolysis (n=1). Similarrates were found by Schechter etal 2016,
68.8% of patients on ECMO attime of listingwere transplanted and 18.8% either died or their condition
deteriorated suchthatthey were removed fromthelist. For the patients listed on MValone 53.4% were
transplanted and 41.4% either died or becoming too sickfor consideration. For the patients listed on ECMO
and MV, 61.2% weretransplanted and 33.9% either died or deteriorated. These differences in deaths by
bridging strategy were not likelydue to chance (P =0.004). However, these data are limited by reporting
only deaths for those on each method of supportatthe time of listingso unclear how they relate to each
cohortacrosstheirwholetime on thewaitinglist.

Three other studies report death on ECMO butare limited by small size or inclusion of older data. Todd et
al 2017reported that of a cohort of 12 patients receiving ECMOBTT nonedied before transplant, and
Lehmann etal reported 2/15 deaths pre-transplant on ECMO. Chiumello etal 2015 reported that 10/14
studiesincluded in the systematic review presented data on deaths while on ECMO and the proportion of
the ECMO BTT cohorts that died ranged between 17% and 50% with multiple organ failure, septic shock,
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cardiacfailureand bleedingas the most commoncauses. However, this study is limited by theinclusion of
several older studies which assessed post-transplant outcomes on ECMO a long time ago when the
technologyandsafety was less advanced.

Thereis some uncertainty as to the exact rate of mortality to expectin patients on ECMO BT while awaiting
transplantbutthisislikelyto be between 20% and 30%. Varyingrates have been reported in the studies
dueto small samplesizesin several studies and differences in the level of sickness and comorbidities of the
patients puton ECMO, andadvances inECMO technologyandsafety which will affect survival. Alack of a
control groupfor comparisonalso makes it difficult to interpretthis data, however itshould be noted that
without ECMO 100% of the patients whoneed it wouldhave died.

Acute rejection and graftsurvival

The short-term complication of acute rejection of the graft was reported by four studies. One of the largest
and mostrecentstudies (lus etal 2018)report higher rates of acute rejection (PGDscore Grade 2-3)of the
graftin ECMO BTT patients thanin non-bridged patients at 24 hr (37% vs 15% respectively), 48 hrs (46 % vs
14%) and 72hrs (42%vs 11%), all differences significant at p=<0.001. However, other studies did not find
anydifferenceinrates of acute rejectionimmediately post-transplant. Schechter etal 2016 reported the
proportionof patients experiencing an episode of acute rejectionbefore discharge. This occurred in 8.7%
of thosereceivingno bridging support, 10.8% in those receiving onlyECMO, 12.9% of those on only MV,
and 18.5% of those on ECMO + MV, however these differences were not statistically significant. Todd et al
report primary graft dysfunction(grade 3) at48-72 hours post-transplant of 26% in the control non-ECMO
group and 33%inthe ECMO group, withthese proportions not being statistically different. Hayanga et al

2018 report mediangraftfailureas 2,406 days for the control groupand 1,696 forthe MV group, but they
report ‘notreached’ forthe ECMO + MV group so thisis of limited useas an outcome (although they do
however statethedifferencein thegraftsurvival between the groupsis not statistically significant). They
alsoreported rates of acuterejectionatdifferent grades (0-4) andfoundno statistical difference in the
bridging strategies.

Graftsurvival atfollow up was onlyreported by one study. lus etal 2018 followed up graftsurvivalat1 and
5years. They found that90% of non-ECMOand79% of ECMOBTT patients hadgraftsthat survived at 1
year, and 68% of non-ECMO and 61% of ECMO BTT patients with grafts surviving at5 years. These
differences were not statistically significant (p=0.13) suggesting that graft survival is no worsein ECMO BTT
patients.

Although all studies report a trend towards higherrates of acuterejectioninECMO BTT patients inthe
short-term immediately post-transplant, thereis some disagreement over whether this differenceis
statistically significant. Long-term follow up of graft survival is only reported by one study but clearly shows
thatthereis no difference between ECMO BTT and non-bridged patientsat 1-and5-years

Post-operative ventilation

Four studies report post-operative ECMO requirementin patients, and onealsoreports duration of MV
(seeTable5). Hayangaetal 2018 found patients receiving pre-transplant MV +ECMO were significantly
more likely thaneachof other two groups to require post-operative ECMO whereas lus et al 2018 who
reported secondary ECMO requirements in patients who were on ECMO BTT but without MV (awake
strategy) foundno differenceinthe rate of secondary ECMOinpatients on ECMOBTT (p=0.18). The two
smallerstudies alsolack consensus on whether differences inneed for post-transplant ECMO in ECMOBTT
and non-bridged patients was due to chance or not, withToyoda etal 2013 finding it unlikely tobe due to
chanceand Todd etal 2017 finding this was not the case.
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Table 5:Proportion of patients requiring post-operative ECMO ineach bridgingstrategy, % cohort

Study No support ECMO only/ | ECMO + MV ECMO only MV only
ECMO+MV

Hayanga et al | 19% 28% 8%

2018

lusetal 2018 | 2% 4%

Todd et al|2.5% 0%

2017

Toyoda et al | 6% 54%

2013

Hayangaetal 2018alsoreportthe duration of MV required post-transplant. Patients who hadbeen on MV
aloneor MV +ECMO BTT were morelikely to be on MV for longer compared with control patients who had
notbeen bridged with support (>5 days MVin 22% non-bridged, 54% MV only and 67%in ECMO + MV).

Overall, thereis some disagreement about whether ECMO BTT resultsin agreaterlikelihood of needing
ECMO post-operatively buttakentogether thetwo recentlarge studies (Hayangaetal 2018 and lus et al
2018) suggestthat ECMO BTT is associated with greater need for post-operative ECMO i f pre-transplant
MV has been given but notif an ECMO alone (awake) strategy has been adopted. Thereis also some
suggestion that patients who have received pre-transplant MV or MV and ECMO will experience a slower
recovery in the days immediately post-transplant and will spend longer on MV.

General short-term post-operative complications

Short-term post-operative complications were reported by five studies. The large range of different
complications andthevarious direct andindirect measures of eachmakea comparison of the rates of
thesein ECMO BTT across studies difficult, but there were several complications which were reported as
more likely to occur in ECMO BTT patients than non-bridged controls. lus et al 2018 present a
comprehensive list of complications intheir good-sized study and identify anincreased risk of bleeding
(indicated by need for blood products and rethoracotomy for bleeding:21%vs 8% in ECMOBTT and non-
bridged respectively), renal failure (indicated by need for dialysis: 27% vs 7%), vascular complications (10%
vs 2%), need for pulsed steroid therapy (52% vs 26%), tracheostomy (34% vs 11%), longer ventilation times
(median 3 daysvs 1 day),andhigher in hospital mortality (15% vs 5%).

Todd et al (2017)also presenta comprehensive list of post-operative complications, but this study was
based on only 12 patients in the ECMO BTT group and 9/12 of these patients were sedated. Some ofthes e
complications were more likely inpatients receiving ECMO BTT than controls, including delirium (50% vs
13.5% respectively), myopathy (83.3% vs 12.3%) and thrombotic events (50% vs 18.5%), and the need for
return to the operating theatre (67%vs 16%). Blood transfusions were borderline more likely inECMO BTT
(medianof2.5vs1).

Hayangaetal 2018alsoprovide a detailed account of the post-operative complications for patients who
received ECMO + MV BTT compared with those receiving only MV and controlswho received no bridging
support. There was no differencein renal insufficiency requiring dialysis (9% of controls, 13% of those on
MV alone, and 8% of those on ECMO +MV) and no differenceinairway complications (15% of controls,
21%ofthoseon MV alone, and 18% of those on ECMO + MV). However, bleeding requiring operation was
higher in MV aloneand EMO +MV groups compared with controls but no differentin MV alone compared
with ECMO+MV (9% in controls, 19%inMV alone,and 20%in ECMO+ MV).

Schechter etal 2016 included two measures of post-operative complications, episode of acute rejection
beforedischarge (outlined in outcome above) andnew onsetof dialysis. The incidence of new-onset
dialysis was significantly different among the bridging strategies (P <0.0001), withECMO + MV patients
having the highest incidence (23.5%) compared with both ECMO only patients (13.9%) and MV only
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(10.3%).

Chiumelloetal 2015looked atall the post-operative complications reported in the 14 studiesincluded in
their systematic review. The proportions of ECMO BTT patients in each study experiencing these
complications was presented but no control group data is provided which makes interpretation limited.

Overall, thereis evidencethat ECMO BTT is associated with someincreased post-operative complications.
Thereis relatively highcertainlythattheriskof bleedingis higherin ECMO BTT patientsas this has been
foundin allthestudies thatreportthis outcome. Higher riskof renal failureis a little less consistently
reported with one of the three studies including this outcome finding it to be more commonin ECMO BTT
(when ECMO alonegiven), onestudy findingno difference (ECMO + MV given), andanother study finding it
depends on the use of concurrent MV which increases riskof dialysis. There is therefore quite a high
degree of uncertainty about this outcome.

Itis, however, difficult to give precise estimates of risk for each of these complicationsin ECMOBTT as the
studies all use slightly different, indirect measures of the complications (e.g. blood transfusion vs
rethoractotomy for bleeding).

Although thereis some degree uncertainty due to small samplesizein the single study thatreportsit(Todd
et al 2017), thereis suggestionthat ECMO BTT is associated with higherrisk of delirium and myopathy with
around 50% and 80%of patients experiencing each of these respectively. Thereis slightlymore certainty
thatthromboticand vascularevents maybean increased risk int his procedure as thiswas also found by a
larger, morerobuststudy(lusetal), albeitata far lower rate (10% compared with 50% of ECMO BTT
patientsin Toddetal 2017).

Duration of pre-transplant ECMO and post-transplant hospital stay

Duration of pre-transplant ECMO

Duration of pre-transplant ECMO was reported by five studies (Table 4). Thereis little certaintyabout the
exactduration of pre-transplant ECMO in these patients but it certainly seems to be the case that durations
do nottend to exceed around 16 days inthe majority of patients.

Table4: Average duration of ECMO received pre-transplant of patientsin the ECMO BTT groups.

Study Duration of ECMO

lus etal 2018 Median 9 days (range 5-16)
Hayangaetal 2018 Mean 14.58 days (SD 15.10)

Toddetal 2017 Mean 103.6 hours (range 16 —395 hours)

(equivalentto 4.2 days, range 0.6 —16.5)

Toyoda etal 2013 1714242 hours (range, 2-1104 hours)

(equivalentto 7.1 days, range 0.08 —46 days)

Chiumelloetal 2015 12/14 studies: mediansrange 3.2 —16 days

Length of ITU stay

Two studies reportlength of ITU stay. lus etal 2018 foundthe medianlengthof stayintheircohort study
was 11 days (IQR4-23days) in ECMOBTT compared with 2 days (IQR 1-4days) inthosewithout bridging
support, this differenceis unlikely due to chance (p<0.001). The systematic review by Chiumello etal 2015
identified median length of stay ranging from 15 —47 days in patients receivingECMO but no control group
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data was provided. The authors note thata study that compared length of ITU stayindifferentventilation
strategies found non-invasive ventilationduring ECMO bridge was associated with significantly shorter ICU
and hospital stays than invasive MV and similarlyanother studyfoundshorter mean ITU stay after lung
transplantation in the awake-ECMO group than the mechanically ventilated ECMO group, but the
difference was not statistically significant. However, the systematic review by Chiumello et al 2015 is
limited by theinclusion of studies which are generallyquiteold somay be using less advanced ECMO
procedures so complications andtherefore ITU stays may have been longer than they wouldbe with more
modern and safe techniques. Most studies included also have relatively small sample sizes.

Thereis reasonable certainty that the length of post-transplant ITU stays are longerin patients who receive
ECMO BTTthan thosewho do notrequire bridgingsupport, and thereis some suggestion, although with
less certainty, thatawake ECMO or ECMO without concurrent MV resulted in shorter length of ITU stay
than MV. As only onerecent study reports length of ITU stay the exactdurationof ITUstayto beexpected
for an ECMO BTT patentremains unclearasit mayvary centreto centre

Length of hospital stay

Length of hospital stay was reported by sixstudies andgenerally shows atrend of longer length of stay
(LOS) in ECMO BTT compared to non-bridged patients. Three of these are good-sized studies: Schechter et
al 2016report median LOS of 15 days (IQR 10-24) for patients notreceivingany support, 25 days (IQR 19-
39.5) for thosereceiving ECMO alone, 27 days (IQR 18-46)for those receiving MV alone,and 32days (1QR
19-58) for those receiving bothECMO and MV. The difference between the LOS for each of these bridging
strategies was not statistically significant. lus etal 2018 report medianlength of hospital stays of 23 days
(IQR 21-28days) for non-bridged patientsand42 days (IQR26 —67 days) for those on ECMO BTT. This
difference was unlikely due to chance (P<0.001). Hayangaetal 2018 reporta median LOS of 27 days in
thosenotreceiving support, 36 days in patients on ECMO + MV, and 39 days in patientson MV only. The
difference between the control group andthe ECMO+MV group was unlikelydue to chance. However, this
study does notreport LOS in patients who are on ECMO without MV.

Three of the studies were smaller or more limited: The small studyby Todd etal report LOS of 25 days after
ECMO BTT, and 13 daysinnon-ECMO. This difference was unlikelydue to chance. Toyoda etal 2015 report
a median LOS of 46 days in ECMO BTT patients compared with27 daysin non-ECMO patients but this
differenceis not statistically significant. Chiumello etal 2015 reporta range of medianLOS of 22-47 daysin
ECMO patients in the studies included in their systematic review but no comparison group data is
presented.

Overallthereforeitseemsthattherearelonger LOSin ECMOBTT thaninnon-ECMO patents,andslightly
longer LOS in patients receiving MV with or without ECMO thaninthosereceiving only ECMO, however the
exactLOS stayis notconsistently reported and thereis no consensus on whether differences in LOS are
statistically significant between bridgingstrategies.

Cost effectiveness of ECMO or interventional lung assistance (iLA) in improving
survival to transplant among patients listed to transplant

Cost effectiveness of ECMO BTT

No studies addressed the cost of ECMO BTT or provided any data with which cost-effectiveness could be
evaluated.

Does the evidence identify any subgroups of patients in whom clinical and cost
effectiveness are different?
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Awake versus sedated ECMO

Although severalstudiesinclude both sedated and awake patients in their ECMOgroups (lus et al 2018;
Lehmann et al; Chiumello et al 2015), only one study includes a full comparison in the study design
between patients who areawake andthose who are sedated andtherefore on concurrent MV.Schechter
et al 2016 compared post-transplant outcomes for patients on ECMO alone with those on MV alone, ECMO
+ MV, and those on no bridging support. Survival at 3 years post-transplant for patients on ECMO alone
was not significantly different from those not requiring support (P =0.16), however patients requiring
either MValone or ECMO+ MV had significantlyworse survival compared with patients not requiring
support (P <0.0001 forboth).

After adjustment with a multivariate Cox regression model, MV +/-ECMO was independently associated
with worse survival compared with patients not requiring mechanical bridge (MV only: hazard ratio [HR] =
1.46; MV+ ECMO = 2.26,P <0.0001 forboth), whereas ECMO alone was not (P =0.39).

Theseresults suggest thatawake ECMO is associated withbetter survival than sedated ECMO which
requires MV, and supports the survival outcome results (above) which demonstrates that post-transplant
survival for ECMO BTT is comparable to non-bridged patients. This was supported by Chiumelloetal 2015
who refer to one study in their systematic review which found one-year survival in ECMO BTT was
significantly better in spontaneously breathing patients than mechanically ventilated ones (85% versus
50%) but no further details are given.

lus etal 2018 present some analysis of the differences between theawakeandsedated patients in their
study and report that post-transplant outcomes did not differ between patients who underwentan awake
ECMO strategy and those who did not withregards to graft survival (P=0.38), patient survival (P=0.25),
freedom from biopsy-confirmed rejection (P=0.53), freedom from pulsed steroid therapy (P=0.98),
freedom from chronic lungallograft rejection (P=0.58), and freedom from retransplant (P=0.46). However,
the number of patients on the sedated strategy was small (only11 of the 68 patients on ECMO) soresults
should be treated with some caution.

Although a single study does notallowa high degree of certainty about the survival benefits of awake
ECMO strategies over sedated ones, the results of the high-qualitystudy outlined above does go some way
to supporting the suggestion that patients on this ECMO strategy may demonstrate additional
effectiveness of bridgingover sedated strategies.

Interventional Lung Assist (iLA)

No studies provided dataonilA.

5. Discussion

The results are discussed by post-transplant outcome, or groups of outcomes ifthey refer to similar aspects
of care or explanation. A more in-depth description of outcomes can be found in section 8 Grade of
evidencetable.

Survival

All studiesincludedin this review contained post-transplant survivalas anoutcome, all report thisat 1-year
post-transplantandtwo include survival at 3-years, andthreereportitat5-years. Although there was
somevariation in the exactrates of survival at each of these time points, therewasveryhigh agreement
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thatsurvivalis noworseincriticallyill patients requiring ECMO BTT compared with less ill patients who
surviveto transplant without ECMO bridgingsupport.

Theseresults suggest that 70-90% of patients who receive ECMOBTT arestillaliveat1year, around 60 -
80%arealiveat3 years post-transplant,and arounda 65%are aliveat5-years, andthisrateof survival is
no different to that of patients notreceivinganybridging support. Thereisalso evidence that survivalis
better in patients receiving ECMO BTT than in those receiving MV (either with or without ECMO).

Although the exact rates vary a little between studies, probably due to different criteria for ECMO,
different case mixfor transplants, procedural differences and differing use of MV, itis likely that with ever
improving technologies and techniques for ECMO the survival rates increase further. Thegeneral finding
thatpatients with ECMOBTT show comparablesurvival at 1-yearand 5-yearsto patients not requiring
bridging supportis particularly striking inlight of their degree of critical illness prior to transplantationand
speaks to the overall effectiveness of ECMOBTT.

Quality of life and functional status

Quality of life was only assessed by one study included inthereview. Overall it was found that ECMO BTT
patients achieve similar improvements in health-related quality of life after transplant as patients who do
notrequire ECMO. Theimprovements are greatestinthefirst 6 months after transplantand then remain
stableat 12 months. The greatestimprovement was seen inrespiratory-specific HRQL, but there werealso
substantial improvements in health utility and depressive symptoms, and someimprovement in generic
mental HRQL.

Theseimprovements are notable given that patients who received ECMO have survived critical illness
whichisitselfassociated with marked impairmentsinHRQL. There are some possible explanationsof why
patients on ECMO BTT experience this improvement in HRQL beyond what you would expect of other
criticallyill patients, including anexpected progressionof illness, fewer comorbidities and strong support
networks in transplant patients. Althoughthese results give some very promising indicationthat ECMO BTT
can confer significant benefits to quality of life, this study was relatively small andtheabsence of a longer
duration of follow up provides no indication of the long-termimpactsinthese patients. It also does not
cover some mental health problems that may be expected to be more common in ECMO BTT suchas post -
traumaticstress disorder (PTSD).

Functional status was also only assessed by one study. At 1-year post-transplant Todd etal 2017 concluded
thatfunctional status was excellentinthe 12 ECMO BTT patients reviewed. Amean score of 87.5 (range
70-100)was found on the Karnofsky scaleindex scale where a score of 50-70 on the Karnofsy Performance
Status (KPS) Scale signifies inability to work but livingathomeandableto carefor most personal needs,
and a score of 80-100 signifies ability to carryout normal activity andworkwith no assistance needed.
Theseresults suggest thatthereis no difference between the post-transplantfunctional status of critically
ill patients requiring ECMO BTTandlessill patients who do notrequire ECMO bridging support. As with
quality of life, further evidence would be hel pful before confidencein theseresults could beachieved, for
examplethefindings were based on relativel yfew patientsin the ECMO group who have been selected for
ECMO on the basis of being of good functional status before deterioration, therefore the extent to which
theseresults wouldbe generalisable to patients who were less well functioning or ol der is questionable.

Complications
Death on ECMO pre-transplant

Results for deaths on ECMO arevaried and somewhat difficult to interpret. They arenot reported by all
studies as someonly include post-transplant outcomes on patients that were successfully transplanted and
others givevery limited detail about the outcome of those who do not get transplanted. Among the cohort
studiesthatreportdeathon ECMO, therateranges from 0% (Toddetal 2017)to 22% (lus etal 2018), and
the systematic review by Chiumelloreports mortality ranging from 17% - 50% in the studies included within
itbutthis review generally included ol der studies where ECMO technology and practice may not have been
as good asinmorerecentyears. Thevariation seen in the mortality rates reported arelikely to be due to
small samplesizes in studies, differences in the level of sickness and comorbidities of the patients put on
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ECMO, and advances in ECMO technology and safety. The best study reporting deaths on ECMO is by lus et
al 2018 who reported that 19/87 (22%) of the patients requiring ECMO BTT diedbefore transplantation
after a median support time of 9 (4-14) days. Death was due to bleeding, acute haemodynamic
decompensation, right heart failure, or massive haemolysis.

The exactrate of mortality on ECMO while awaiting transplantis difficult to determine from the studies
reviewed butitis likely to be between 20% and 30%. Itis apparentthat ECMO BTTisnot without risk of
death as theprocedureisinherently a riskyoneandthe patients who receiveitare by definitionvery sick.
Alackofa control group for comparisonalsomakes it difficult to interpret this data, however itshould be
noted that without ECMO 100% of the patients who need it would have died.

Acute rejection and graft survival

The short-term complication of acute rejection of the graftis consistently reported in the literature as
morelikely to occur in ECMOBTT patients than in those with no bridging support, however thereis no
agreementabout whether this differenceis significant or not. Onegood sized, recentstudy suggest that
around 40% of ECMO BTT patients experience acuterejectionat24, 48 and 72 hours post-transplant
compared with just over 10%of controls (lus etal 2018), but other, equally high-quality studies have this
rateto be much lower (13% on ECMO BTT vs 11% controls, Schechter etal 2016). Itisunclear why these
discrepancies existasthereare no obvious methodological or clinical differences that couldbeattributed
(for example, both studies report patients receiving ECMO without MV). Itisalsonot entirely clear why
ECMO might be associated with graft dysfunction butitmayin partbe duetothe ECMO circulationand
anticoagulation for the ECMO which triggers a systemic inflammatory state (Toyoda et al 2013).
Alternatively,itmaybean artefact dueto the current PGD definition used insome studies (International
Society for Heartand Lung Transplantation [ISHLT] Grading System) whichwill automatically patients on
ECMO toa PGD grade 3.

Long-term follow up of graft survival is onlyreported by one studybutitshows thatthereis no difference
between ECMO BTT and non-bridged patientsat1-and 5-years.lusetal 2018 found that 90% of non-
ECMO and 79% of ECMO patients hadgrafts thatsurvivedat1 year,and 68%of non-ECMO and 61% of
ECMO patients withgrafts survivingat5 years (these differences were not statisti cally significant). The
robustnatureifthis studyallows a good degree of confidenceintheresults, however some caution is
needed in theabsence of supportfrom other studies and as theauthors themselves notetheresults may
be affected by a greater number of paediatric patientsinthe ECMO BTT group.

Post-operative ventilation

There is some disagreement in the studies reviewed about whether ECMO BTT results in a greater
likelihood of needing ECMO post-operatively. Excluding a very small study which did not find any ECMO
BTT patients required post-operative ventilation (Toddetal 207), the studies reviewed all found a trend
towards these patients requiring more ventilation, both MV (Hayanga etal 2018) and ECMO (lus etal 2018,
Hayangaetal 2018, Toyoda etal 2013) butthereis no agreementover whether these differences are
significant or not. One possible explanation for thisis the different ECMO bridging strategies that were
usedinthestudies, ECMO alone (lus etal 2018) or ECMO+ MV (Hyanagaetal 2018, Toyoda et al 2013).
This explanationwouldsuggestthat ECMO BTT is associated with greater need for post-operative ECMO i f
pre-transplant MV has been givenbutnotif an ECMOalone strategyhas been adopted.

This indicates that patients who havereceived pre-transplant MV or MV and ECMO will experience a
slower recovery inthe daysimmediatelypost-transplantandwill spendlonger on a ventilator in a high
dependency or ITU bed, but patients who have received ECMO alone (awake ECMO) will haveventilation
needs and recovery times comparable to non-bridged patients.

General short-term post-operative complications

The literature reports a number of post-operative complications seen in ECMO BTT, some of which seem to
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be more common in patients receiving this bridging compared to non-bridged patients. Some ofthese are
likelyto be associated with the ECMO procedureitself, forexampleanincreasedrisk of bleeding which
could be explained by central cannulation and the administration of anticoagulants during ECMO. Others
arelikely to be associated withthe type of ECMO strategy used, for example Todd etal 2017 identified a
higher rate of delirium, myopathy andthrombotic events in ECMO BTT which maybeduetothe sedation
and bedboundstatus of the majority of the patients (althoughitshouldalsobe noted thatthis study had
only a small number of patients on ECMOBTT). Itis, however, difficult to give precise estimates of risk for
each of these complicationsin ECMO BTT as the studies all use slightly different, indirect measures of the
complications (e.g. blood transfusion vs rethoractotomy for bleeding).

Higher riskof renal failureis a little | ess consistently reported with some discrepancies between studies
over whether indirect measures of this suchas occurrence of dialysis are actually more likely in ECMO BTT
compared to non-bridged controls or not. Other complications which affect both ECMO BTT and non-
bridged patients equally include res piratory complications such as pneumonia, need for reintubation, need
for tracheostomy, need for bronchoscopy (Todd etal 2017), and general airwaycomplications (Hayanaga
et al 2018), atrial fibrillationandcerebrovascularevents (lus etal 2018).

Overallitseemsthat ECMOBTT s associated with an increased likelihood of some very serious post-
operative complications, most clearly bleeding but also verylikelydelirium, myopathy and thrombotic
events. As mentioned above, bleedingis likely to be secondary to anticoagulation required for ECMO.
Deliriumtends to be associated with critically ill patients andis exacerbated by sedation. Although aiir
hunger and agitation experiencedon ECMO can be an indication forsedation, the use of shorter acting
sedatives or even awake ECMO strategies may reduce this complication. Likewise, myopathy and
thrombosisare caused by sedation and bedbound statusamongother things soif ambulation can be
achievedwhile on ECMO this complication mayalso decrease.

Post-operative complications associated with ECMOBTT are not easyto assess. Nearlyhalf of the studies
did notreportthematall, one onlyreported very limited complicationsasitused data from a national
organ sharing database (Schechter etal 2016)sois likelyto have been limited by the data recordedon the
database, onewas comprehensiveinits reporting of complications butwas based on a small sample of
patients on ECMO BTT (Todd etal 2017), andthe systematicreview (Chiumello etal 2015) listed all the
complications reported withinthe studies included, but provided no control group data for comparison of
expected rates andthe majority of studies recruited patients over ten years ago when ECMO safety was
less advanced. Additionally, the results can be difficult to interpret considering the different ECMO
strategies used i.e. awake or sedated with concurrent MV, the different indirect measures of the
complications used, and the different time periods of follow up included.

In summary, Approximately 20 —30% of patients will die on ECMO priorto lung transplant. Post-transplant
thereis no clear evidencethat acuterejection is higher inECMO BTT than non-bridged patients,and | ong-
term follow up suggests that overall graft survival is equal. Theimpact of ECMO BTT on post-transplant
ventilation requirementsis alsouncertain but the higher rates seen inECMO BTT patientsinsomestudies
may be explained by concurrent MV use. More convincingly though, ECMO BTT is associated with higher
rates of some serious complications suchas bleeding, delirium, myopathy and vascular and thrombotic
events. The exact magnitude of theserisks is difficult to determine, but ECMO BTTis performed on very
sick patients who would not survive without the bridgingand subsequent lung transplant.

Duration of pre-transplant ECMO and post-transplant hospital stay
Duration of pre-transplant ECMO

The average number of days on ECMO priorto lung transplantacross the studies ranged from 3.2 days to
13.7 daysinthesystematicreview (Chiumello etal 2015) and from 4.2 days (Toddetal 2017)tonearly 15
days (Hayangaetal 2018)in the cohort studies. Thisis also reflective of therange of time reported for
patients within each study. Although there is little certainty about the exact duration of ECMO BTT,
probably due to the different indications for ECMO at different centres and the slightly different
management of transplant waiting lists, the duration does not seem to exceed around 16 days in most of
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the studies. Thisis likely to be because once a patientis on ECMO they become a high priority on the
waiting list for available donor lungs.

Length of ITU and hospital stay

The length of hospital stay for patients receiving ECMOBTT is consistentlyreported to belonger than that
of non-bridged patients, however thereis considerable variationin the exact lengthof stay reported both
within and between centres, andthereislittle consensus on whetherdifferences in length of stay are
between bridging strategies are likelydueto chanceor not. For example, lus et al 2018 report median
length of hospital stays of 23 days for non-bridged patients and42 days forthose on ECMO BTT, with this
difference being unlikely dueto chance, and Schechter etal 2016 report median length of stays of 15 days
for non-bridged patients, 25 days for those on ECMOalone, 27 days for those receiving MV alone, and 32
days for those receiving both ECMO and MV (difference between the length of stay for each of these
bridging strategies was due to chance). Other studies length of stay range from 13 to 27 days for non-
bridged patientsand25 to 47 days for ECMO BTT patients.

The Schechter etal 2016 study also highlights a trend (although not statistically significant) towards slightly
longer length of stays in patients receiving MV with or without ECMO than in those receiving ECMO alone.

The length of ITU stay was less frequently reported and onlyone studycompared length of stay in ECMO
BTT and non-bridged patients. lus etal 2018 foundthat ECMO BTTis clearly associated with longer ITU
stays post-transplant than no-bridging (median of 11 days compared with 2 days). Asystematicreview by
Chiumelloetal 2015 reported medians ranging from 15—-47 daysin ITUinsixof 14 studies it reviewed, but
no comparison with a control group was made. This systematic review included mostly olderstudies that
may haveinvolved less developed ECMO technologyandstrategies which may have affected recovery
speed. Therewas also some suggestion from the systematic review (Chiumello etal 2015) that the use of
non-invasive ventilation strategies or awake ECMO during was associated with shorter ITU stays than
invasive methods, butthese were dueto chance.

Overall, thereisa general trend towards the reporting of longer hospital and ITU stays in patients receiving
ECMO BTT but big variability withinstudies and between studies makes it difficult to identify the exact
magnitude of difference or indeed be clear about whether any differences are significant or not.
Nonetheless, Itis unlikelyto be surprising that patients on EMCO BTT havea longer hospitaland I TU stay
given thatthey tend to be critically illpatients with higher care needs to start with. Many of them will also
have been bedbound at the time of ECMO initiation (e.g. Todd etal 2017) so prolonged recovery was
anticipated. Recovery time andrehabilitation potential will be affected by manyfactors, including acuity of
illness, ECMO duration, immobility and sedation. Although patients requiring ECMO will always be critically
sick,itmaybethecasethata movetowards awake ECMO strategies resultsin a reductionintherecovery
period andlength of stay.

Awake versus sedated ECMO

Several studies included a mix of awake and sedated ECMO patients but only one study included a
comprehensive comparison of patients on these two strategies (Schechter etal 2016). This study found
post-transplant survival at 3-years for patients on ECMO alone was no differentfromthosenot requiring
any bridging support, but patients requiring either MV alone or ECMO plus MV had significantly worse
survival compared with patients notrequiring support. Infurthersupport of this, regression analysis
identified MV (with or without ECMO)to be independently associated with worse survival compared with
patients notrequiring MV.

Theseresults suggest that survival is better with ECMO alone (awake ECMO)than with ECMO and MV. This
may be explained by the fact that awake ECMO offers the patients the potential to participate in
ambulationand physiotherapy which prevents musculoskeletal deconditioning, ear and drink normally
which maintains their nutritional status and activelycleartheirown airway. They are therefore able to
optimisetheircondition prior to transplant whichimproves recoveryandoutcomes post-transplant. In
additionto the potential survival advantages of using awake ECMO, it also brings the avoidance of someof
the risks andcomplications of MV such as general muscleatrophy and diaphragm abnormalities and
weakness whichcanall prolong recovery and need for ITU and hospital stays. This may explain why the
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requirement for post-operative ECMO is greaterin patients who received pre-operative MV, either with or
without ECMO, than those who received ECMO alone (discussed above).

Insummary, thereis evidence that awake ECMO offers a survivaladvantage over sedated strategies with
concurrent MV and may alsobe associated withlower ventilation requirements post-operatively. However,
this evidenceis limited to only one study inthis review, albeit a high quality one, and would benefit from
further research.

Strengths and limitations

This review includes eight studies, seven of which are cohort studies (seven retrospective and one
prospective (Kolaitis etal 2018)) andone systematic review (Chiumelloetal 2015. The studies areall highly
relevantand directly applicable to the research questions posed. They allinclude direct outcomesthatare
mainly defined by objective measures which mean they are not subject to measurement or reporting bias.

However, thereareseveral limitations of the studies included. Most aresingle centre studies which may
limit generalisabilityto other centres as case mix, clinical procedures and algorithms of care may be
different. Nonetheless, some of the trends in post-transplant outcomes, such as survival, have been
reported so consistently across studies thatit would be unreasonable to discount them on these grounds.

Oneofthe most notable sources of heterogeneity inthe studies isthe ECMO strategy used, i.e. ECMO
alone (awake ECMO), or ECMO with MV (sedated ECMO) or a mixture of thetwo in the cohort. Given that
there is some evidence that outcomes such as survival and complications may be affected by ECMO
strategy used, some caution when tryingto combine or interpret results is needed.

Some of the studies had small numbers of participants, particularly inthe ECMO BTT group, which makes
interpretation of theresults difficultasitincreases theriskoftypeland type 2 errors (over or under
estimating the causal inference). Although this could have potentially serious consequences, itis unlikelyto
be a major problemin this review as there aresufficient studiesincluded with larger sample sizes to
supporttheresultsandconclusions. Some studies include patients who received ECMO over ten yearsago
when technology and expertise was notsogood, butagain, sufficient high-quality recent studies are
included to ensurethisis nota source of confounding.

Dueto small numbers of patients undergoing ECMO BTT many of the studies recruited patient data over
long periods of time whichmay subject theresults to a learning curve biasasthecentre becomes more
proficientandexpertattheclinical andsurgical procedures. The studies have notadjusted for effects of
contemporaneous improvements inanaesthesia, pharmaceutical, or intensive care practice. This has not
been accounted forin any of the studies and the magnitude of this limitationis therefore not known.

Observational studies have a number of disadvantages over randomised studies. The fact thatthe majority
of the studies wereretrospective could have introduced anelement of selection bias atenrolment (with
the choicetoinclude only those patients with certain characteristics or outcomes), but all state that
consecutive cases of lung transplant were included which should minimise this bias. The retrospective
review of hospital records to obtaindata canalso provide limitations as records may be incomplete,
difficultto interpretand notincludeinformation on potential confounders. Inthe majority of studies the
outcomedata onlyincludes patients who survive to transplant (onlya couple report brief intentionto treat
results), and this may introduce a selection bias.

One of the fundamental limitations of this review is the absence of randomised control studies. As outlined
intheintroduction, studies of this type are not ethical or practical in this situation. However, thereisgood
confidencethatthe controlled cohortstudies included inthis review (with the addition of onesystematic
review) have provideda reasonably robust comparison of post-transplant outcomes of ECMO BTTwith an
adequate control groupto allowinferenceaboutthelevel of clinical effectiveness and safety of this
procedure.

Summary of main findings

Post-transplant survival is shown with good certainty to be equal to non-bridged patients andis likely to be
around 70-90% at 1-year and 65% at 5-years. Although less certainty, long-term graft survival has alsobeen
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shown to be equal. Patients on ECMO BTT appearto achieve the samelevel of quality of life and functional
status as those not undergoing this support, although the level of evidence for thisis notasstrongas they
havebeen less frequently reported as outcomes.

However, the evidence convincingly indicates that ECMO BTT is associated with a higherincidence of some
serious complications including bleeding, delirium, myopathy and vascularand thromboticevents. Other
complications such as acute graft rejection and post-operative ventilationrequirements mayalsobe at an
increased risk in these patients but the evidenceis less certain. Similarly, ECMO BTT is associated with
longer ITU stays and possibly also longer hospital stays overall, althoughthereisless certainty about the
exactduration of these and whether they are truly different from non-bridged patients. Beingon ECMO is
associated with a riskof death pre-transplant, 20—30% of patients puton ECMO will die before transplant.

Thereis evidence, albeitfromasinglestudy, thatan adoption of an awake ECMO strategy offers a survival
advantage over sedated strategies which use concurrent MV. This finding potentially has significantimpact
on the choice of patientand ECMO strategy selected for ECMO BTT to optimise post-transplant outcomes
and therefore warrants furtherresearch.

Overall, this evidencereview hasindicated that post-transplant outcomes (including survival)are no worse
in criticallyill patients requiring ECMO compared with lessill patients who survivetotransplant without
ECMO bridging support. Short-term complications aftertransplant are greater in ECMO BTTandaround 20
—30% of those on ECMO will die before transplant.

Recommendations for further research

This evidencereview has revealed some gaps or paucities in the evidence where further research wouldbe
beneficial to theinternational body of evidence around ECMO BTT and to decision making around care. The
most notable of these is the absence of evidence of cost-effectiveness of ECMO BTT. Although it is
acknowledgedthatthis woldnotbea simple and straightforward evaluation to complete, it wouldprovide
invaluableinformation when presenting acomprehensive and balanced appraisal of the procedure.

Further research on the post-transplant outcomes of awakeand ambulatory ECMO strategies is also
indicated. Giventhata key aim of healthcareis to maximise healthbenefits and outcomes it would greatly
facilitate decisions about local ECMO BTT protocols and procedures if therewas a little more certainty
abouttheactual survival and safety benefit from awake versus sedated ECMO, ideally from large and
generalisable studies.

Afinal research need identified by this review is aroundthe psychologicalimpact of ECMO BTT and the
most appropriate and effective psychological supportthat can be offeredtothese patients before and
after ECMO and transplant to hel p them achieve optimal mental health and quality of life post-transplant.

6. Conclusion

Lung transplantation is routinely performed for selected patients with respiratory failure. However
approximately25% of patients on the waiting list die before a suitabledonorbecomes available or are
removed from the waiting list due to deteriorating health rendering lung transplantation futile and
inappropriate. MV has traditionally been used to support these patients withtheaim of bridging them to
transplantbut ECMO mayprovide a superioralternative.

This evidencereview has indicated that post-transplant outcomes (including survival) are no worse in
criticallyill patients requiring ECMO compared withlessill patients whosurvive to transplant without
ECMO bridging support. Short-term complications aftertransplantare greater inECMO BTTand20 - 30%
ofthose puton ECMO will die before transplant.
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Inlight of thefactthat patients who need ECMO arecriticallyill and havevery little chance of survival
without ECMO BTT, the finding of equivalent post-transplant outcomes to patients who receive no bridging
support provides evidence for the use for ECMO BTT, des pite the potential increasedrisk of complications
and pre-transplant mortality. Furthermore, the suggestion that use of an awake ECMO strategy offers a
post-transplant survival advantage over sedated strategies which use concurrent MV warrants
consideration of adopting this approach inclinical practice.
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7.Evidence Summary Table (to be completed inline with the evidence review guidance document)

Use of Intervention X Vs. Comparator Y to treat IndicationZ

(Createseparatetable for studies with different comparators)

Study Study Design | Population Intervention Outcome Outcome measures and Results Applicability and Quality of Critical Appraisal Summary
reference characteristics measure ) Evidence Score
type (Columns combined from report template)
(Columns combined from report
template)
Hayanga P1- Total Toanalyse Primary CE Overall survival Applicability: Direct. Looks at Positives:
et al 2018 | Retrospective | population of outcomes, . . outcomes of patients bridged to ) . .
cohort study patients who 194/729 Median survival (days) lung transplant with ECMO and All consecutive patients undergoing
underwent patients in the MV lung transplant during the defined
primary lung control group Control MV MV & ECMO ’ period included so selection bias
transplantation were 2437 1696 Not reached minimal.
between 2008 propensity . . .
42015 tched b Pvalues: Control Vs MV p=0.0869, Control Vs MV & ECMO Quality: 7/10 total Relatively large numbers in MV+ECMO
an matched by age =0.4693. MV Vs MV & ECMO p=0.0691 I . . group provide power for statistical
(N=826) Split and diagnostic p=0. , S p=0. ,» overall p- Aims and design clearly stated analysis
into three category to value=0.1328 2/2: purpose of study clearly '
cohorts: Control | those in the Survival Probability stated as being to evaluate pre- Propensity matching of controls used to
with no ECMO+MV or transplantation MV with and make groups more similar for
bridging MV alone Control MV MV & without ECMO. Primary and comparison.
support (n =29), | groups (2:1) ECMO secondary outcomes pre- o
MV only BTT (n determined. Outcomes are objective.
= 48) 30- 0.974 0.958 0.939 Survival data for 5 included
MV+ECMO BTT day (0.939- (0.844- (0.822- urvival data for 5 years included.
(n =49) 0.989) 0.989) 0.980) Design appropriate: 2/2:
90- 0.949 0.938 0.898 retrospective cohort study Negatives:
day (0.906- (0.819- (0.772- appropriate. "
Single centre: 0.972) 0.979) 0.956) Not clear if MV and ECMO were used
Pittsburgh concurrently or sequentially and no
Medical Center, lyear | 0.839 0.807 0.815 Methods clearly described: 1/2: detail about level of sedation.
0.779- 0.661- 0.675- . . )
USA f) 884) f) 895) f) 899) Not described fully in this paper Patients in MV and MV+ECMO group
) ) ) but references full methods were more likely to have bilateral lung
3 0.731 0.559 0.769 described elsewhere. transplants compared with the control
years (0.659- (0.397- (0.621- unbridged group which may have
0.789) 0.693) 0.865) impacted survival and complications
Data adequate for authors’ data.
5 0.588 0.427 0.656 interpretation: 1/2: Clear
years | (0.502- (0.266- (0.477- objective outcomes used but
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| | 0.664)

|0.579) |O.787) |

Survival conditioned on surviving to 1 year, median

Control

MV

MV & ECMO

2858

1811

Not reached

P values: Control Vs MV p=0.0651, Control Vs MV & ECMO
p=0.1559, MV Vs MV & ECMO p=0.0127, overall p-

value=0.0361

Secondary
CE

Duration of ECMO

Time on ventilator (days) mean (SD)

Control

MV

MV & ECMO

N/A

7.68 (11.40)

14.58 (15.10)

Pvalues: MV Vs MV & ECMO p=0.6309

Secondary
CE

Post-operative ventilation

Ventilation postoperative, n (%)

Control MV MV & ECMO
MV <48h 119 (61.66) | 3(6.25) 2 (4.08)
MYV 48h - 31(67.35) 19(39.58) 14 (28.57)
Sdays
MV >5 43(22.28) 26 (54.17) 33(67.35)
days
MV ECMO | 19(9.79) 8(16.67) 28(57.14)

<48h P values: Control Vs MV p=<0.001, Control Vs MV &
ECMO p=<0.001, MV Vs MV & ECMO p=0.678

48h -5 days P values: Control Vs MV p=<0.001, Control Vs

unclear what ‘not reached’
means in results presented and
how this contributes to
conclusions

Results generalizable:1/2:
generalisable to population
receiving ECMO with concurrent
MYV only, noinclusion of patients
on ECMO alone for comparison.

Does not include ECMO only group for
comparison so although authors
conclude that MV+ECMO is associated
with better outcomes than MV alone,
no conclusions about ECMO as BTT

alone can be made.

Unclear if time on ventilator includes
time on ECMO or just time on MV, and
whether it is pre-op or pre- and post-
op.

Relatively long period of recruitment of
participants could mean there is
learning curve bias or confounding
effect of changing ECMO technology or
practice, this is not considered by the
authors.
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MV & ECMO p=0.044, MV Vs MV & ECMO p=0.289

>5 days P values: Control Vs MV p=<0.001, Control Vs MV &
ECMO p=0.184, MV Vs MV & ECMO p=0.215

ECMO P values: Control Vs MV p=0.176, Control Vs MV &
ECMO p=<0.001, MV Vs MV & ECMO p=<0.001

Secondary Length of hospital stay
CE
Hospital stay (days), median (IQR)
Control MV MV & ECMO
27 (21) 39 (23) 36 (21)
P values: Control Vs MV p=0.0008, Control Vs MV & ECMO
p=0.0012, MV Vs MV & ECMO p=0.8055
Secondary Incidence of complications
safety

Graft survival (days), median

Control MV MV & ECMO

2406 1696 Not reached

P values: Control Vs MV p=0.1280, Control Vs MV & ECMO
p=5358, MV Vs MV & ECMO p=0.1226, overall p-
value=0.2090

Retransplant, n (%)

Control MV MV & ECMO

7(3.61) 1(2.08) 1(2.04)

P values: Control Vs MV p=1.00, Control Vs MV & ECMO
p=1.00, MV Vs MV & ECMO p=1.00

Time to retransplantation (days), median (IQR)

Control MV MV & ECMO

129 (572) 1998 1490

P values: Control Vs MV p=0.285, Control Vs MV & ECMO
p=0.285, MV Vs MV & ECMO p=1.57

Acute rejection grade, n (%)
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Control MV MV &
ECMO
[0,1] 108 26 31
(57.75) (59.09) (68.89)
[1,2] 31 6(13.64) | 7(15.56)
(16.58)
[2,3] 29 7(8.89) 4(8.89)
(15.51)
[3,4] 19 5(11.36) | 3(6.67)
(10.16)

Acute rejection overall P values: Control Vs MV p=0.972,
Control Vs MV & ECMO p=0.555, MV Vs MV & ECMO p=0.628

[0,1] P values: Control Vs MV p=1.00, Control Vs MV & ECMO
p=0.181, MV Vs MV & ECMO p=0.382

[1,2] P values: Control Vs MV p=0.820, Control Vs MV &
ECMO p=1.00, MV Vs MV & ECMO p=1.00

[2,3] P values: Control Vs MV p=1.00, Control Vs MV & ECMO
p=0.344, MV Vs MV & ECMO p=0.353

[3,4] P values: Control Vs MV p=0.786, Control Vs MV &
ECMO p=0.582, MV Vs MV & ECMO p=0.485

Renal insufficiency on dialysis, n (%)

Control MV MV & ECMO

18(9.28) 6(12.50) | 4(8.16)

P values: Control Vs MV p=0.589, Control Vs MV & ECMO
p=1.00, MV Vs MV & ECMO p=0.524

Bleeding requiring operation, n (%)

Control MV MV & ECMO

16 (8.25) 9(18.75) 10(20.41)

P values: Control Vs MV p=0.032, Control Vs MV & ECMO
p=0.014, MV Vs MV & ECMO p=0.837
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Airway complication, n (%)

Control MV MV & ECMO

29 (14.95) 10
(20.83)

9(18.37)

P values: Control Vs MV p=0.321, Control Vs MV & ECMO
p=0.556, MV Vs MV & ECMO p=0.760

Todd etal | P1- Total patients 3/12 patients Primary CE Length of stay Applicability: Direct. Compares Positives:
2017 retrospective undergoing lung | on ECMO were . . patients bridged to transplant Al . X p .
cohort study transplant awake and 9/12 Length of hospital stay, median (1QR) with ECMO and those not | consecultlve Zatlgnts u;\ ergc?mdg
during 2015 were sedated variable Non-BTT ECMO BTT Pvalue || requiring bridging. ung franspan Guring study pero
(N=93) split into included so selection bias minimal.
2 cohorts: Total LOS, 15(11-26) 39(32.5-50.5) | <.001 Outcomes are objective and therefore
ECMO BTT median (IQR) Quality: 8/10 prone to minimal measurement bias
(n=12), Control Post- 13 (10-17) 25 (18-31) <.001 Aims and design clearly stated anc.i test for functional status is a
with no transplant LOS, 1/2: Aims clearly stated as validated tool.
bridging median (IQR) comparing the outcomes of all Patients recruited from a single yearso
support (n=81) patients who received ECMO BTT | learning curve bias or confounding
with those of patients who were effects of changing ECMO technology
not bridged during the same and practice is minimal.
Single centre: period. Outcomes predetermined
Norton Primary CE Duration of pre-transplant ECMO but no reference to whether
-Irh(;rfctt'c Mean duration 103.6 hours (range 16 — 395 hours) primary or secondary. Negatives:
nstitute, . -
Arizona, USA Design appropriate 2/2: Small sample size, particularly in ECMO
Retrospective cohort study BTT group (n=12) may increase risk of
Primary CE | Survival appropriate. type 2 error and make interpretation of
Pre-transplant survival: Methods clearly described 2/2: results difficult.
Methods of study and procedure Although study states that 3/12
All patients on ECMO BTT survived to transplant . 4 \
P P clearly described. patients were awake on ECMO,
Data adequate for authors’ outcomes are not presented in relation
. . to this so no inferences or conclusions
~ A interpretation 1/2: Generally yes, .
Post-transplant survival: but unable to find 90 day survival about the impact of the ECMO strategy
variable Non-BTT ECMO P value results and the functional status can be drawn.
BTT data of ECMO BTT patients have Functional status scores reported for
30-d mortality, n | 1(1.2) 0(0) >.99 comparison data from control ECMO BTT patients but not for non-BTT
(%) ’ ' ’ group. patients so no comparison possible
- Results generalizable 2/2: Patient WhICh therfefore limits the .
Survivalatly, n 73/80(91.3) 12/12 1.0 and procedure characteristics are interpretation of the magnitude of
(%) (100) scores in ECMO BTT group difficult.
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Primary CE Functional status atone year
Post-transplant Karnofsky scale functional status scores for
each of the 12 patients undergoing ECMO BTT reported as
between 70 and 100 (median=90, mean=87.5). The 1-year
functional status in ECMO BTT group was not significantly
different from the non-ECMO group (p=0.74)
Score of 50-70 on the Karnofsy Performance Status (KPS)
Scale signifies inability to work but living at home and able to
care for most personal needs. Score of 80-100 signifies ability
to carry out normal activity and work with no assistance
needed.
Secondary postoperative complications
Safety variable Non-BTT ECMO P value
(n=81) BTT
(n=12)
Primary Graft 21(25.9) 4(33.3) 0.72
Dysfunction grade
3at48-72h
ECMO for PGD 2(2.5) 0(0) >.99
Postoperative 1(0-2) 2.5(0.5- .05
PRBC transfusion, 8)
median (IQR)
Return to OR, n(%) | 13(16.1) 8(66.7) .001
Reintubation post- 5(6.2) 1(9.3) .57

transplant, n (%)

Tracheostomy 6(7.4) 2(16.7) .27
post-transplant, n
(%)

Pneumonia, n (%) 9(11.1) 2(16.7) .63

Post-transplant 3(2-4) 3.5(3-6) .04
bronchoscopies
during hospital

generalisable to most ECMO BTT.
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stay, median (IQR)

n (%)

Delirium, n (%) 11 (13.5) 6 (50) .01
Myopathy, n (%) 10(12.3) 10(83.3) <.001
Thrombotic event, 15(18.5) 6 (50) .03

Kolaitis et
al 2018

P1-
Prospective
cohort study

Three cohorts
recruited 2010 -
2017: ECMO
BTT (N=17),
patients
hospitalised but
not on ECMO
(N=48), patients
called in for
transplant as
outpatients
(N=124)

Single centre:
San Francisco,
USA

Patients over 65
years old
excluded

Primary CE

Health-related Quality of Life

Measured with:

SF12-PCS (Short Form 12—-Physical Component Score), range 0

to 100

SF12-MCS (Short Form 12—Mental Component Score), range 0

to 100

AQ20R (Airways Questionnaire 20—Revised), range 0 to 20,
reverse-coded for analysis

EQS5D (EuroQol 5D), range -1.11to 1

GDS (Geriatric Depression Scale), range 0 to 15

Effect estimates for change in HRQL over time from before to
6 months after transplant, mean effect estimates with 95% Cl

ECMO Inpatient | Outpatient P
value
SF12-PCS 16.78 19.56 20.78 27
(10.65- (15.62- (18.50-
21.91) 23.50) 23.07)
SF12- 8.78 7.48 4.48 (2.47- .01
MCS (3.31- (3.97- 6.49)
14.26) 10.99)
AQ20R 10.76 9.84 9.76 (8.96- .59
(8.57- (8.45- 10.56)
12.96) 11.23)
EQSD 0.31 0.29 0.17(0.13- .001
(0.20- (0.22-

Applicability: Direct. Looks at
outcomes of patients bridged to
lung transplant with ECMO.

Quality: 9/10

Aims and design clearly stated
2/2: Aims clearly stated as
seeking to evaluate whether the
impact of lung transplantation on
HRQL within first postoperative
year was different in patients
with ECMO BTT compared with
those who were not.

Design appropriate 2/2:
prospective cohort study
completely appropriate.

Methods clearly described 2/2:
Study methods and clinical
details clearly described, good
detail on loss to follow up.

Data adequate for authors’
interpretation 2/2: Clear and
comprehensive data on HRQL
supports interpretation and
conclusions.

Results generalizable 1/2:
Generalisable in sofar as likely to
represent a population of

Positives:

Included all patients in centre receiving
ECMO during study period with
participants prospectively identified so
selection bias minimised.

Several measures of health-related
quality of life used to get
comprehensive picture.

Sensitivity analysis with imputed data
performed to assess impact of missing
data.

Negatives:

Some loss to follow up with survey
completion which led to missing data -
overall the number of missing surveys
was 104 of 742 potential timepoints
(14%). As authors acknowledge,
informative missingness could therefore
have impacted results. This was
minimised by imputing missing data and
performing sensitivity analysis.

Relatively small number in ECMO BTT
(n=17) may increase risk of type 2 error
and make interpretation of statistical
analyses difficult.

Only followed up for 1 yearso no detail
on long term effects on HRQL are
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0.42) 0.36) 0.21)

GDS 4.81 3.43 3.54 (2.94- .09
(3.15- (2.38- 4.14)
6.48) 4.49)

patients undergoing ECMO BTT,
but no mention of what
psychiatric or psychological
support these patients are given
atthe centre.

provided by this study.

Very few details of ECMO procedure
given so generalisability to other
populations is limited, e.g. no details of
level of sedation of patients on ECMO

Secondary Overall Survival at 1 year so no inferences can be made about
CE ) N impact of this, and no details of
Overall survival at 1 year was 97% and was similar in all three . . X
groups (p=.44). One patient in the ECMO group (1/17; 6%), 2 dL{ratlon of ECMO given soimpact of
patients in the inpatient but not on ECMO group (2/48; 4%), this cannot be inferred.
and 2 patients in the outpatient group (2/124; 2%) died Only includes those who underwent
within the first year. transplant. As no data on patients who
died on ECMO while awaiting transplant
are included which may skew results.
Schechter | P1- Total Primary CE Survival Applicability: Direct. Compares Positives:
et al2016 | retrospective population of outcomes of lung transplants

cohort study

all adults with
lung
transplantation
2005 —2013
(N=12,403) in
four cohorts:
ECMO only BTT
(n=65), MV only
BTT (n=612),
ECMO + MV
BTT (n=119), no
bridging
support
(n=11,607).

Data obtained
from the United
Network of
Organ Sharing
database

Cumulative survival, %:

6 months lyear 3years
ECMO 75.2% 70.4% 64.5%
only
MVonly | 79.9% 72% 57%
MV+EC 68.1% 61% 45.1%
MO
No 89.4% 84.2% 67%
Support

Difference in long-term survival between the 3 bridge

strategies was significant (p=0.0097).

Mid-term survival for patients on ECMO alone was not
significantly different from those with not requiring support

(P=0.16).

patients requiring either MV alone or ECMO + MV had
significantly worse survival compared with patients not

requiring support (P < 0.0001 for both).

After adjustment with a multivariate Cox regression model,
MV +/- ECMO was independently associated with worse

using different bridging strategies
including ECMO.

Quality: 10/10

Aims and design clearly stated
2/2: Aims clearly stated as
evaluating the effect of non-
intubated ECMO on survival after
lung transplantation. Primary and
Secondary outcomes
predetermined and clearly
detailed.

Design appropriate 2/2:
retrospective cohort study
completely appropriate

Methods clearly described 2/2:
Yes, study methods clearly

described.

Data adequate for authors’
interpretation 2/2: Authors make
appropriate conclusions about
the survival benefits of ECMO

All isolated lung transplants on register
included so selection bias is minimal.

Relatively large sample size means that
statistical analyses can be interpreted
with some confidence and risk of type 2
errors is small.

Provides data for ECMO alone
compared with ECMO + MV which
therefore gives evidence relative
impacts of each of these bridging
strategies (in comparison with several
of the other studies which include these
as one cohort).

Negatives:

Only outcomes available on the registry
could be included so limited results of
effectiveness and safety presented.

Lack of detail on the level of mobility or
ambulation of the patients receiving
only ECMO (beyond stating that they
are awake) limit the clinical
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survival compared with patients not requiring mechanical
bridge (MV only: hazard ratio [HR] = 1.46; MV + ECMO = 2.26,
P < 0.0001 for both), whereas ECMO alone was not (P = 0.39)

Secondary length of post-transplant hospital stay
CE
length of stay, median (IQR)
No ECMO only MV only MV+ECMO
support n=119
PP (n=65) (n=612) (n=119)

(n=11607)

15 (10-24) 25 (19-39.5) 27 (18-46) 32 (19-58)
p-value for difference in length of stay by between bridging
strategy p=0.076

Secondary$ Post-transplant complications
afety

Episode of acute rejection before discharge, n (%):

No ECMO only MV only | MV+ECMO
support n=119
PP (n=65) (n=612) ( )
(n=11607)
997 (8.7%) | 7 (10.8%) 79 22 (18.5%)
(12.9%)
P (bridging strategy)=0.21
New onset of dialysis, n (%):
No ECMO only MV only | MV+ECMO
support n=119
PP (n=65) (n=612) | (™19
(n=11607)
552 (4.8%) | 9(13.9%) 63 28 (23.5%)
(10.3%)

P (bridging strategy)=<0.0001

alone versus other bridging
strategies.

Results generalizable 2/2: Use of
data from large organ sharing
database and comparison of
several bridging strategies make
results highly generalisable.

interpretation of the outcomes of this
strategy.

Data on deaths on waiting list appears
to include only those on that method of
support at time of listing so it is unclear
how this relates to the whole cohort
(e.g. are some patients changing

strategy after time of listing?).

No details of duration of ECMO or other
support in patients while awaiting
transplant is provided and this could be
a confounding factor in the outcome
results.
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Secondary

Deaths on waiting list pre-transplant

safety Of the 32 patients on ECMO at time of listing, 22 (68.8%)
were transplanted, whereas 6 (18.8%) either died or their
condition deteriorated such that they were removed from the
list.
For the patients listed on MV alone, 231 (53.4%) were
transplanted, with 109 (41.4%) either dying or becoming too
sick for consideration.
For the patients listed on ECMO + MV, 38 (61.2%) were
transplanted, whereas 21 (33.9%) either died or deteriorated.
P value for differences in outcomes after listing: P = 0.004
Lehmann P1- Total Of the total Primary CE Survival Applicability: Direct. Compares Positives:
et al2015 | Retrospective population of population: patients bridged to transplant . .
cohort study all patients 74/143 patients with ECMO with those not tStUdY :nCLUdei_ a”tC(;nS?CUtl\iec:untg
undergoing lung | had a single 30 day 90 day Tyear Syear receiving ECMO. ransp.an Pa !en 5 .urlng study time so
transplantation lung transplant selection bias is minimal.
2002—20%1 and 69/143 Non- 95+1.8% | 90+2.6% | 71+4% 52+5.7% Follow up was 100% complete and
(N=143) in two underwent ECMO Quality: 6/10 ranged from 0.5to 11.4 years.
cohorts: bilateral lung
Mechanical transplants ECMO 85£1% 77+1.2% | 68+1.3% [ 34£1.8% || Aimsand design clearly stated 5-year survival presented which
lung assist Pvalue for difference between non-ECMO and ECMO p- 1/2: Aims clearly stated as provides good data on long-term
(ECMO or Of those —0.281 conducting a study to compare effectiveness of ECMO BTT.
extracorporeal receiving MLA: e survival in lung transplant
lung assist 12/13 received patients with and without
_ ECMO and 1/13 ; i
(ECLA)) (n=13), preoperative MLA support. Negatives:
not on ECMO received ECLA. Secondary Duration of pre-transplant ECMO Design clearly outlined but
(n=130) 5/13 patients Safety Mean duration on ECMO = 146 +404 hours (range = 6 hours — | °utcomes of interest not small sample size, p.artlcularly n ECMO
on ECMO BTT 30 days) specified. group (n=13) make interpretation of
v statistical analyses difficult and increase
were awake Design appropriate 2/2: A risk of type 2 error.
Single centre: and extubated. retrospective cohort design is
Leipzig, Secondary Deaths while on ECMO pre-transplant appropriate. heterogeneity in lung transplant
Germany Safety procedure and MLA procedure make

2/15 patients died on ECMO while on the waiting list due to
multiorgan failure or brain haemorrhage.

Methods clearly described 1/2:

generally described adequately
but very little detail about the
outcome variables is provided.

interpretation and generalising of
results difficult. For example, 6 patients
from the non-ECMO group and 8 from
the ECMO BTT group were
preoperatively on MV which may
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Data adequate for authors’
interpretation 1/2: Data
presented support conclusion
that MLA has no impact on long
term survival but sample is small
and variable characteristics of
lung transplant and MLA may be
affecting results.

Results generalizable 1/2: Results
include single and bilateral lung
transplants and some
concomitant heart surgery, and
ECMO procedure is variable (e.g.
some patients sedated and some
awake) so some difficulty
generalising results occurs from
this.

confound the results but data
presented do not account for this, and
no details given about effect of single vs
bilateral transplant.

Very few outcome measures presented
as comparison between the ECMO BTT
and the non-ECMO group so
interpretation of the magnitude of
outcomes in ECMO BTT patients is
limited.

No data presented to indicate if there
were any deaths on ECMO while
awaiting transplant or not

Chiumello
et al 2015

S1-
systematic
review

14 studies
included, all
retrospective
case series
studies with
total N=441
enrolled
patients.

Due to
substantial
heterogeneity
across studies a
meta-analysis
was not
attempted

Primary CE Survival
14/14 studies reported 1-yearsurvival. In five studies it
ranged from 50% to 70%, in four 70% to 90% and in two up to
90%
one-year survival was significantly better in spontaneously
breathing patients than mechanically ventilated ones (85%
versus 50%) or when the ECMO bridge duration was shorter
than 14 days (82% versus 29%).

Primary CE Mortality on ECMO pre-transplant
Reported in 10/14 studies and ranged between 17% and 50%
with multiple organ failure, septic shock, cardiac failure, and
bleeding as most common causes

Secondary Length of stay

CE ICU stay: reported in 6/14 studies and medians ranged from
15— 47 days.
Hospital length stays: reported in 9/14 studies and medians
ranged from 22 — 47 days

Secondary Post-operative complications

safety

Respiratory complications:

Applicability: Direct. Included
studies with atleast 10 patients
on ECMO bridging.

Quality: 8/10

Aims and design clearly stated
2/2: clearly stated as a systematic
review to assess the current
evidence on the use of ECMO in
patients with advanced
respiratory failure awaiting lung
transplant.

Design appropriate 2/2:
Systematic review completely
appropriate.

Methods clearly described 1/2:
systematic review methods and
quality assessment clearly
described, but outcomes not
specified or described in
advance.

Positives:

Search included all major databases
with broad search strategy so should
include all relevant studies therefore
inclusion bias likely to be minimal.

References and abstracts reviewed by 3
independent reviewers, methodology
and quality assessed by 2 independent
reviewers.

Review of several studies together
make the conclusions more reliable
than if only a single study was used.

Negatives:

Studies included were case series with
no control groups so confounding
factors are not controlled for within
each study. Itis also difficult to make
inference about the magnitude of
outcomes observed or discern whether
or not survival/risk actually from differs
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Post-op graft dysfunction requiring Post-Ltx ECMO: 4/14
studies (20% - 54%)

Post-op graft dysfunction 72 hours 3rd grade: 3/14 studies
(15%-36%)

Tracheostomy: 4/14 studies (27% - 77%)
Bronchopleural fistula: 2/14 studies (8%- 14%)
Open chest management: 2/14 studies (8%-50%)

Acute rejection: 2/14 studies (15%- 28%)

Acute kidney injury:

2/14 studies (12% - 35%)

Renal replacement therapy:

7/14 studies (12% - 54%)

Infective complications:
Pneumonia: 1/14 studies (52%)

Sepsis: 3/14 studies (14% - 23%)

Haemorrhagic complications:

Gl bleeding: 1/14 studies (5%)

Bleeding from femoral artery: 1/14 studies (5%)
Re-op. for bleeding: 5/14 studies (15%-36%)
Haemorrhage: 2/14 studies (31%- 35%)

Massive haemoptysis: 1/14 studies (15%)

Neurological complications:

Cerebral haemorrhage: 1/14 studies (5%)

Data adequate for authors’
interpretation 2/2: Authors are
appropriately cautious about the
conclusions that can be drawn
from a heterogeneous set of case

series studies.

Results generalizable 1/2: results
do refer to patients on ECMO as
BTT, but due to old studies and
heterogeneity of them some
caution is needed when
generalising.

from patients not on ECMO BTT.

Studies included are all relatively old
(published 2010 —2013) and may
therefore reflect survivaland risks
associated with older, less developed
ECMO technology and practice.

Sample sizes in studies were relatively
small (11— 122 patients) which may
have resulted inimprecision in the data
and a lack of adequate statistical power

within studies.

There were substantial differences in
the inclusion criteria for patients, ECMO
program times, and ECMO support
technologies therefore it is not possible
to exclude a possible confounding role
of some important procedural aspects.

As the authors acknowledge, there was
substantial heterogeneity across studies
a meta-analysis was not attempted
because it would not have yielded
clinically meaningful results.
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Stroke: 1/14 studies (8%)
Ischemia thoracic spinal cord: 1/14 studies (3%)

Digital ischemia: 2/14 studies (14%-17%)

Secondary Duration on ECMO pre-transplant
Safety § . .
Time on ECMO pre-transplant ranged in the studies from a
median of 3.2 days to 16 days.
Toyodaet | P1- Total 3/24 patient in Primary CE Survival Applicability: Direct. Includes Positives:
al 2013 Retrospective population of ECMO BTT . . . outcomes of patients undergoing Al " tients wh d ¢
cohort study patients group had a Actuarial survival, % ECMO BTT and non-bridged ECl\jloOnSBic‘Fj I:fhpa' |etf_\t5t_W o Ul’ll jr\gen
transplanted retransplant ECMO BTT Non-ECMO controls. P17 atthe nstitution included so
2005 - 2011 selection bias is minimised.
(N=715) in two 1 month 96% 97%
cohorts: ECMO Quality: 7/10
BTT (n=31 on 3 months 88% 94% Negatives:
= Aims and design clearly stated
frglr\:lsgl’a:tezc;; 6 months 83% 90% 1/2: Aims clearly stated as Relatively small sample size, particularly
non-bridged 12 months 74% 83% reviewing the efficacy of ECMO in ECMO B"f-T grolup m|a}¥ ha‘r’f affected
patients BTT, not including heart-lung precision of results (a FdO:g no
(n=691) 24 months 74% 74% transplantation. Outcomes not meai:re o de_l’l’OF pr.CfJVIh.e. soitis n;)t
; possible to discern if this is an issue).
Difference in survival between ECMO BTT and non-ECMO detailed.
group p=0.787 Design appropriate 2/2: ECMO BTT group contained patients '
Retrospective cohort study undergoing retransplants as well as first
. transplants which may confound the
. . completely appropriate.
S'ﬁgle c.entre. Secondary P pletely approp survival and safety outcomes but this
U_n'VGFSItV of o g Y Methods clearly described 1/2: has not been considered in the analysis.
Pittsburgh Median length of hospital stay was 46 days in ECMO BTT methods of clinical procedure ) )
Medical Centre group compared with 27 in non-ECMO control group (p=0.16) detailed well but no detail about The long recrwtme.nt period may have
: athering of outcome data introduced a learning curve bias and the
g g : inclusion of some patients who
Data adequate for authors’ underwent ECMO over 10 years ago
Secondary Post-transplant complications interpretation 2/2: data clearly could be resulting in confounding from
safety ECMO support was used postoperatively for primary graft support the conclusions Changes in ECMO tec.hnrjvlogy and
dysfunction in 54% of patients in the pre-transplant ECMO Results generalizable 1/2: practice seen over this time.
group and 6% of patients in the control group (P <.01) Although results relate to No details are given of the 7 patients
patients on ECMO BTT, period of who were on ECMO with intention to
recruitment began over 10 years transplant but did not receive
Secondary Duration of ECMO pre-transplantation ago and changes in procedure transplant. Itis unclear if they died as a
Safety may affect generalisability to result of ECMO complications or failed

The duration of pre-transplant ECMO support in the ECMO
BTT group was 1714242 hours (range, 2-1104 hours)

survival and safety in current

to have a suitable donor identified.
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practice.

6 of the 24 patients on ECMO BTT
received cadaveric lobar transplants
because a suitable donor could not be
found. Itis unclear how this might
affect the results with regards to
outcomes of these patients but as this is
potentially a risky procedure it may
decrease survival and increase
complication estimates in this group.

lus et al
2018

P1-
Retrospective
cohort study

Total
population of
all patients
undergoing
transplant 2010
—2017 (N=917)
in two cohorts:
patients with
ECMO BTT
(N=68), patients
with no
bridging
support
(N=849).

Single centre:
Hannover,
Germany

Awake ECMO
strategy used in
57/68 of the
ECMO BTT
patients.

9/68 ECMO BTT
patients and
52/849 non-
ECMO BTT
patients had

retransplant.

11/68 patients
in ECMO BTT
and 53/849
patients in non-
ECMO BTT were
<18 years old

Primary CE Survival
Patient survival overall, % (n)
ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
1year 79 (5) 90 (1) 0.095
Syears 65(9) 71(2)
Patient survival conditioned to hospital discharge, % (n)
ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
lyear 93 (3) 95(1) 0.97
Syears 77 (6) 75(2)
Primary CE Graft survival
Graft Survival, % (n)
ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
lyear 79 (5) 90 (1) 0.13
5years 61 (6) 68 (2)

Applicability: Direct. Includes
outcomes of patients undergoing
ECMO BTT compared with those
not receiving ECMO BTT.

Quality: 9/10

Aims and design clearly stated
2/2: Aim stated as investigating
impact of ECMO BTT on graft
survival at follow up. Primary and
Secondary end points clearly pre-
determined.

Design appropriate 2/2:
Retrospective cohort study
completely appropriate

Methods clearly described 2/2:
study methods and clinical
procedures clearly outlined.

Data adequate for authors’
interpretation 1/2: mostly the
data do support the conclusions,
but the authors state that an
awake ECMO strategy should be
used when their data suggest
there is no difference in
outcomes between those awake
and those not (although numbers
in not-awake group were very

Positives:

Includes all consecutive cases of lung
transplant atthe centre therefore
selection bias is unlikely

Relatively large sample size and number
of patients receiving ECMO BTT so
results are more generalisable and risk
of type 2 error is not too great.

Compares awake and sedated ECMO
(with MV) in results which accounts for
a potentially important confounding
factor in analysis of survival and safety
of ECMO and provides useful data on

optimal ECMO strategy.

Negatives:

As authors acknowledge, the greater
number of paediatric patients in the
ECMO BTT group than the non-ECMO
group may have positively influenced
transplant survivalin the former group.

Patients who died on ECMO while
awaiting transplantation were excluded
form analysis. The authors explain this
as being due to a desired focus on the
impact of ECMO BTT. However, this
could inflate survival data post-
transplant and reduce the apparent
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Secondary ICU and hospital stay
CE
Duration of ICU and hospital stay, days (IQR)
ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
ICU stay 11 (4-23) 2(1-4) <0.001
Hospital 42 (26-67) 23 (21-28) <0.001
stay
Secondary Post-operative complications
Safety
Median (IQR) or n (%)
ECMO BTT Non-ECMO P-value
(n=68) BTT
(n=849)
PGD 2or 3 at 25(37) 125 (15) <0.001
24h
PGD 2or 3 at 30 (46) 122 (14) <0.001
48hr
PGD 2or 3 at 28 (42) 93 (11) <0.001
72h
Rethoracotomy 14 (21) 64 (8) <0.001
for bleeding
Dialysis 18(27) 63(7) <0.001
Atrial Fibrillation | 9 (13) 91 (11) 0.52
Cerebrovascular 1(2) 12(1) 0.63
event
Vascular 7(10) 16 (2) 0.001

small).

Results generalizable 2/2: Good
confidence in generalisability due
to large sample size and
relatively recent recruitment of
patients.

complications of ECMO BTT as the
sickest patients won’t be considered in
the analysis.
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complication

Posy-op pulsed 34(52) 223 (26) <0.001
steroid therapy

Blood products 23 (15-43) 6 (4-10) <0.001
(PRBCs)

Secondary ECMO | 3(4) 17 (2) 0.18
Tracheostomy 23 (34) 90 (11) <0.001
Ventilation time 3(1-17) 1(1-1) <0.001
(days)

In-hospital 10(15) 42(5) 0.003
mortality

Secondary
CE

Outcomes at Follow up

Freedom from biopsy-confirmed rejection, % (n)

ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
lyear 70(7) 64 (2) 0.42
5years 59 (8) 52(2)

Freedom from pulsed steroid therapy, % (n)

ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
lyear 60 (6) 52(2) 0.17
5years 40 (7) 35(2)

Freedom from chronic lung allograft dysfunction, % (n)

ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
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lyear 95 (3) 96 (1) 0.46
5years 61(8) 66 (2)
Freedom from retransplant, % (n)
ECMO BTT Non-ECMO P-value
(n=68) BTT (n=849)
lyear 98 (2) 99 (1) 0.82
5years 92 (4) 94 (1)

Secondary
safety

Duration of ECMO and deaths of patients on ECMO before
transplantation

19 patients required ECMO BTT but died before

transplantation after a median support time of 9 (4-14) days.
Death was due to bleeding (cerebral n=4, other n=2), acute
haemodynamic decompensation (cardiopulmonary
resuscitation n=2, right heart failure n=6), sepsis (n=4),

massive haemolysis (n=1).

Median support time of ECMO BTT in patients surviving to

transplant was 9 (5-16 days)

Secondary
CE

Outcomes of patients on awake ECMO strategy Vs not awake

Outcomes did not differ between patients who underwent an
awake ECMO strategy and those who did not (graft survival,
P=0.38; patient survival, P=0.25; freedom from biopsy-
confirmed rejection, P=0.53; freedom from pulsed steroid
therapy, P=0.98; freedom from chronic lung allograft
rejection, P=0.58; freedom from retransplant, P=0.46)

42




8. Grade of evidence table (to be completed inline with the evidence review guidance document)

Use of Intervention X Vs. Comparator Y to treat IndicationZ

(Createseparatetable for studies with different comparators)

Quality of

. L Grade of . .
Outcome Measure | Reference Evidence Applicability r.a €0 Interpretation of Evidence
Evidence
Score
lus etal 2018 9/10 Direct This outcome reports the likelihood of a patient being alive at various time points post-transplantand
Hayanga et al o I is generallyreported atthe proportion (percentage) of patients aliveat that time.
2018 The best study of survival post-transplantis Schechter etal 2016 who reported cumulative survival at
6 months, 1 yearand3yearsin ECMOonly, VM+ECMO, MV only and no support patients:
Todd et al 2017 8/10 Direct ¥ 4 Y 4 PPOTED
— - ECMO only MV only MV+ECMO No support
Kolaitisetal 2018 | 9/10 Direct
l-year | 70.4% 72% 611% 84.2%
Schechter et al 10/10 Direct
Survival at 1 year 2016 3'year5 64.5% 57% 45.1% 67%
(& 3 vyears if lehmann et al GradeA
reported) 2015 6/10 Direct
The differencein survival at 3 years between the 3 bridge strategies was significant (p=0.0097), but
Chiumello et al 8/10 Direct survival for patients on ECMO alone was not significantly different from those requiring no support (P
2015 Irec =0.16). Patients requiringeither MV alone or ECMO + MV had significantlyworse survival compared
with patients notrequiring support (P <0.0001for both).
Toyoda etal 2013 | 7/10 Direct P q g support( )

Two other recent, relatively large studies have foundslightly higher 1-year (and 3-year) survival rates
in both ECMO BTT patients and non-bridged patients:

e lusetal 2018 reportsurvivalat1year of 79%in ECMOBTT patients compared with 90%in
non-ECMO patients. This difference was not statistically significant. They alsoreport survival
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at 1-year conditioned to hospital discharge and this shows an even smaller difference
between the groups with ECMOBTT patientsat93%and non-ECMO patients at 95%. This
suggeststhatif patients bridged with ECMO remain aliveintheearly days post-transplant
until discharge they havevirtually the samerate of survival at 1 year. This was a recent, high
quality studywith a relativelylarge number of patients.

Hayangaetal 2018reported very similar survival probabilitiesat 1-yearand 3-years in the
three groups they assessed. These were not statisticallydifferent. This is a large, recent study
but unfortunatelydoes notinclude patients who were only on ECMO for comparison:

Control MV MV & ECMO

1lyear 0.839 (0.779-| 0.807 (0.661-| 0.815(0.675-0.899)
0.884) 0.895)

3years 0.731 (0.659-| 0.559 (0.397-] 0.769(0.621-0.865)

0.789) 0.693)

Several other, smaller or more limited studies have alsofoundsimilar patterns of survival:

Thesere

Todd et al found 2017 100% survival in ECMO BTT patientsat 1 year,compared with 91.3%
non-bridged patients, this difference was not statistically significant. The sample of patients
on ECMO was small (n=12).

Kolaitisetal 2018reportthatsurvivalwas97%at1year and wassimilarinthe other two
comparison groups (hospitalised patients not on ECMO and outpatienttransplant patients)
butdo notgivefiguresfor survival in these.

Lehmann etal 2015foundno difference between survival at 1-year between ECMO BTT and
non-EMO patients (68% and 71% respectively), but sample size was small in the ECMO group.
Toyoda etal 2018 also found no differencein survival at 1 year between ECMO BTTand non-
bridged patients with 74% and83%aliveat1year. TheECMO BTT group included some
retransplanted patients so survival may actually be higher in this group if only first
transplants were considered.

All 14 studies in the systematic review by Chiumello etal 2015 included data on survival at 1
year,and thisranged from 50% - 90% in patients receivingECMO BTT. No comparison with a
control groupnotreceiving ECMO is provided.

sults suggest that 70-90% of patients who receive ECMOBTT are still alive at 1 year, and
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around 60-80% are alive at 3 years post-transplant, and this rate of survivalis no different to that of
patients notreceivinganybridging support. Thereis also evidence that survivalis better in patients
receiving ECMO BTT than in those receiving MV (either with or without ECMO).

Given thelarge bodyof evidence supporting this outcome, includingseveralgood-sizes, high quality
studies, thereis a high degree of certaintythat survival for ECMO BTTis no different from patients not
requiring bridging. Althoughthe exactrates vary a little between studies, probablydue to different
criteriafor ECMO, different case mixfor transplants, procedural differences and differing use of MV, it
is likely that with ever improving technologies and techniques for ECMO thesurvival rates increase
further.

Survival at 5 years

lus etal 2018

9/10

Direct

Hayanga et al
2018

7/10

Direct

Lehmann et al
2015

6/10

Direct

GradeA

This outcomereports the likelihood of a patientbeingaliveat5 years post-transplantand is generally
reported atthe proportion (percentage) of patients alive at this time.

The beststudyincludingdataon survivalat5yearsislusetal 2018 whoreport the percentage of
patients who arestill aliveat5 years post-transplantinthe group receiving ECMO BTT versus no
support. At5 years 65% of patients who had ECMO and 71% of those who didnot were still alive. This
differenceinsurvival was not statistically significant suggesting that thereis no difference in-5 year
survival of patients on ECMO BTT and those not.

e Hayangaetal 2018alsoreportsimilar5-yearsurvival probabilities (ECMO + MV 66%; MV
only 43%; control 59%) with no statistically significant difference between them, but their
ECMO BTT group areall on MV (compared to the majority of theluset al 2018 ECMO BTT
cohortwho areawakeandnoton MV).

e Lehmannetal 2015reportslightly lower survivalat5 years (ECMOBTT 34%, non-ECMO BTT
52%) butthe study includes patients recruited a longer timeago when ECMO techniques
may nothave been so good. Again, no differencein survival at5 yearswas found between
the groups.

This outcome has a relatively high degree of certainty as the outcome is very objective and itis
reported by several studies with a good level of consistency. The evidence therefore suggests that
two thirds of patients whoreceive ECMO BTT survive until atleast 5 yearsandthatthissurvival is no
differentto those notreceivingECMO BTT.

Death on ECMO
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lusetal 2018

9/10

Direct

GradeA

This outcome refers to the deaths that occur in patientswhoareon ECMO while they are on the




while
transplant

awaiting

Schechter etal 10/10 Direct
Todd et al 2017 8/10 Direct
Lehmann et al .

2015 6/10 Direct
Chiumello et al 8/10 Direct

2015

waitinglistfor asuitable donor forlung transplant. Itis usuallyreported as a number or proportion of
the patients who arein the ECMO BTT group who die before transplant.

The beststudy providing data on deaths on ECMO while awaiting transplantislus et al 2018. They
reported that 19/87 (22%) patients required ECMO BTT but died before transplantation after a
median supporttime of 9 (4-14)days. Death was dueto bleeding (cerebral n=4, other n=2), acute
haemodynamic decompensation (cardiopulmonary resuscitation n=2, right heartfailuren=6), sepsis
(n=4), massive haemolysis(n=1).

Other studies have also reported this outcome, but with more limitations:

e Schechter etal 2016 reported thatof the 32 patients on ECMO at time of listing, 22 (68.8%)
were transplanted, whereas 6 (18.8%) either died ortheir condition deteriorated such that
they were removed fromthelist. For the patients listed on MV alone, 231 (53.4%) were
transplanted, with 109 (41.4%) either dyingor becoming too sick for consideration. Forthe
patientslisted on ECMOand MV, 38 (61.2%) weretransplanted, whereas 21 (33.9%) either
died or deteriorated. These differences in deaths by bridging strategy were significant (P =
0.004). However, these data are limited by reporting only deaths for those on eachmethod
of supportatthetimeof listingsounclearhow they relate to each cohortasawhole.

e Todd et al 2017 reported that of a cohort of 12 patients receiving ECMO BTT none died
beforetransplant, butthe samplesizeis small socautionis needed wheninterpreting this
result.

e Chiumello et al 2015 reported that 10/14 studies included in the systematic review
presented data on deaths while on ECMO andthe proportionof the ECMO BTT cohorts that
died ranged between 17% and 50% with multiple organ failure, septicshock, cardiac failure
and bleeding as the most common causes. However, this study is limited by theinclusion of
several older studies which assessed outcomes on ECMO a long time ago when the
technologyandsafety was less advanced.

e Lehmannetal reported 2/15 deaths pre-transplant on ECMO, from brainhaemorrhage and
multi organ failure. Thisstudy islimited by small samplesize.

Thereis a high degree of uncertaintyas to the exact rate of mortality to expectinpatients on ECMO
BT while awaiting transplantas varying rates have been reported in the studies. Thisis likely to be due
to smallsamplesizesinseveralstudies and differencesinthelevel of sicknessandcomorbidities of
the patients puton ECMO, and advances in ECMO technology and safety which will affectsurvival. A
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lack of a control group for comparison alsomakes it difficult to interpret this data, howeverit should
be noted that without ECMO 100% of the patients who need it would have died.

Length of hospital
stay

lusetal 2018 9/10 Direct
Hayanga et al .
2018 7/10 Direct
Todd et al 2017 8/10 Direct
Schechter et al .
5016 10/10 Direct
Chiumello et al .
2015 8/10 Direct
Toyoda etal 2013 | 7/10 Direct

GradeA

This outcome measurerefers to the length of timethat patients stay inhospital post-transplant. A
shorter length of stay indicates a quicker recovery after the operation.

Two studies couldbe considered the best for providing length of stay data:

e Schechter et al 2016 report median length of stays of 15 days (IQR 10-24) for patients not
receivingany support, 25 days (IQR 19-39.5)for those receiving ECMOalone, 27 days (IQR 18-46)
forthosereceiving MV alone, and 32 days (IQR 19-58) forthose receivingboth ECMO and MV.
The difference between the length of stay for each of these bridging strategies was not
statistically significant.

e lusetal 2018 report median length of hospital stays of 23 days (IQR 21-28 days)for non-bridged
patientsand42 days (IQR 26—67 days) forthose on ECMO BTT. This difference was statistically
significant (P<0.001).

Other studies also present similar data on length of stay but have limitations:

Hayangaetal 2018 reporta median LOS of 27 days in those not receiving support, 36 daysin
patients on ECMO + MV, and 39 daysinpatientson MV only. Thedifference between the
control groupandthe ECMO+MV group was statistically significant. However, this study does
notreport LOSin patients who are on ECMO without MV.

Todd et al report LOS of 13 days after transplantin patients receiving no support, and 25
days inthosereceivingECMO BTT. This difference was statistically significant. The studyis
limited by having a sample of only 12 patients on ECMO.

Chiumelloetal 2015reporta range of medianLOS of 22-47 daysin ECMO patients in the
studiesincluded in their systematicreview. No comparison group datais presented.

Toyoda etal 2015 reporta median LOS of 46 daysin ECMOBTT patients compared with 27
days innon-ECMO patients but this differenceis not statistically significant. This study has a
relatively small sample size andrecruitment of patients began alongtimeago when ECMO
techniques maynothavebeen asgoodas morerecently.

This outcome has a moderate level of uncertainty. Itis objectively measuredandhas been reportedin
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several studies with a similar pattern of outcome (longer LOS in ECMO BTT than in non-ECMO patents,
and slightly longer LOS in patients receivingMV with or without ECMO thanin those receiving only
ECMO), however the exact LOS stay is not consistently reported and there is no consensus on
whether differences in LOS are statistically significant between bridging strategies.

Length of ITU stay

lus etal 2018

9/10

Direct

Chiumello et al
2015

8/10

Direct

GradeA

This outcome measure refers to the length of timethat patients stay inITU post-transplant. Ashorter
length of ITU stay indicates a quicker recovery after the operation.

Two high quality studies report data on ITU stay post-transplant. The best study providing data on the
length of ITUstayisbylusetal 2018 who foundthatthelength of ITUstayin patientson ECMO BTT
was a median of 11days (I1QR 4-23) compared with 2 days (IQR 1-4) in those without bridging support.
This difference was statistically significant (p=<0.001)

Oneother study also reports length of ITU stay data:

Chiumelloetal 2015 foundthat6/14 studies included intheir systematicreview reported length of
ITU stay data with medians ranging from 15 —47 days inpatients receivingECMO. Theauthors note
thata study thatcompared length of ITU stay in different ventilation strategiesfound non -invasive
ventilation during ECMO bridge was associated with significantly shorter ICU and hospital stays than
invasive mechanical ventilation andsimilarly another study found shorter meanITU stay after lung
transplantationin the awake-ECMO groupthan the mechanicallyventilated ECMO group, but the
difference was not statistically significant. The systematic review by Chiumello etal 2015is limited by
the inclusion of studies whichare generally quite oldsomay be using | ess advanced ECMO procedures
so complications and therefore ITU stays may have been longer than they would be with more
modern and safe techniques. Most studies includedalso haverelatively small sample sizes.

Thereis reasonable certainty that the length of post-transplant ITU staysarelongerin patients who
receive ECMO BTT than those who do notrequire bridging support, and there is some suggestion,
althoughwith less certainty, thatawake ECMO or ECMO without concurrent MV resulted in shorter
length of ITU stay thanMV. As only onerecentstudy reports length of ITU stay theexactduration of
ITUstay to be expected for an ECMO BTT patentremains unclear asit may varycentreto centre.
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Duration
ECMO/MV

of

lus etal 2018

9/10

Direct

Hayanga et al

2018

7/10

Direct

Toddetal 2017

8/10

Direct

Chiumello et al
2015

8/10

Direct

Toyoda etal 2013

7/10

Direct

GradeA

This outcomerefers to the duration of time patients spend on ECMO before having a lung transplant.

Five studies report this outcome, the best of which is lus et al 2018 who found that the median
supporttime of ECMO BTT in patients surviving to transplant was 9 (range 5-16 days). The majority
(57/68) of these patients were awake on ECMO thereforehadno MV.

Several other studies reportvery similar results:

e Chiumelloetal 2015foundthat12ofthe 14 studiesincluded in their systematic review
reported duration of ECMO and it ranged from a median of 3.2 days to 16 days. This
systematicreview includes mostly older studies with small sample sizes.

e Hayanga et al 2018 reported a mean duration of ECMO + MV of 14.58 days (SD, 15.10)
compared with a meanduration of MV alone of 7.68(SD, 11.40). This differencein duration
was not statistically significant (p=0.63) This studyis limited by not including patients on
ECMO without MV.

e Toddetal 2017reporta meanduration on ECMOof103.6hours (range 16 —395 hours),
whichisequivalentto 4.2 days (range 0.6 —16.5), howeverthesamplesize of patients on
ECMO is small.

e Toyodaetal 2013 report the duration of pre-transplant ECMO supportin the ECMO group as
1714242 hours (range, 2-1104 hours) which is equivalentto 7.1 days (range 0.08 —46 days).
Again, this study has a small sample size.

Thereis little certainty about the exact durationof pre-transplant ECMO inthese patients, probably
dueto the differentindications for ECMO at different centres andslightly different management of
transplantwaiting lists. However, it certainlyseems to bethecase that durations do not tend to
exceed around 16 days. Thisis likely to be dueto thefactthatonceon ECMO, a patient becomes a
high priority for available donorlungs.

Health-related

Quality
(HRQL)

of

life

Kolaitisetal 2018

9/10

Direct

This outcomerefers to an individual’s perceived physical and mental health overtime. Patients who
undergo lungtransplantation and ECMOarecriticallyill and both procedures are high-risk and
associated with complications and potentially long hospital stays, andcan therefore impact on an
individuals perceived physical and mental health.

Onlyonestudylooked at HRQLas an outcome. Kolaitis etal 2018 reported changes in scores on 5
different measures of HRQL from pre-transplant to 6 months post-transplantin patients on ECMO
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GradeB | BTT, patients who were hospitalised (inpatients) but not on ECMO, and patientswhowere called in
for a transplantas outpatients.

Beforetransplantation, HRQL and depressive symptoms were similaramong the 3 groups, although
outpatients reported better baseline HRQL on two of the surveys (SF12-MCS and EQ5D). After
transplantation, HRQLand depressive symptoms generally improvedacross all 3 groups. Overall, peak
improvementinHRQLand depressive symptoms was seen in the early period, within 6 months post-
transplantation, andremained stable through to 12 months post-transplantation. Themagnitude of
these early improvements at 6 months varied by instrument:

Estimates for changein the 5 HRQL measures over time from before transplant throughto 6 months
post-transplant

ECMO Inpatient Outpatient Pvalue
SF12-PCS 16.78 19.56 (15.62-23.50) | 20.78 (18.50-| .27
(Short Form 12—Physical (10.65- 23.07)

21.91)
ComponentScore)
SF12-MCS 8.78 (3.31-| 7.48(3.97-10.99) 4.48(2.47-6.49) | .01
(Short Form 12—Mental 14.26)
ComponentScore)
AQ20R 10.76 (8.57- | 9.84 (8.45-11.23) 9.76 (8.96-| .59
(Airways Questionnaire 12.96) 10.56)
20-Revised)
EQ5D 0.31 (0.20-| 0.29(0.22-0.36) 0.17(0.13-0.21) | .001
(EuroQoL5D) 0.42)
GDS 4.81 (3.15-| 3.43(2.38-4.49) 3.54(2.94-4.14) | .09
(Geriatric Depression 6.48)
Scale)




The greatestimprovement was seen inrespiratory-specific HRQL, butthere were also substantial
improvementsinhealth utility and depressive symptoms, andsomeimprovementingeneric mental
HRQL.

In summary, patientsill enough to require ECMO BTT achievesimilar improvements in HRQL and
depressive symptoms as those who do notrequire ECMO. Theseimprovements aregreatestin the 6
months post-transplantand then remain stableto 12 months. Thereis a low to moderate uncertainly
with these conclusions, the study was high quality and used several different measures of HRQL which
makethe resultsreliableandvalid, but only one study with relatively small sample size included
measures of HRQLasanoutcome. Itis also not clear what duration of ECMO or level of sedation was
experienced by patients which mayaffect generalisability.

Graft Survival

lus etal 2018 9/10 Direct
Hayanga et al .

2018 7/10 Direct
Todd et al 2017 8/10 Direct
Schechter et al 10/10 Direct

2016

GradeA

This outcome measurerefers to the durationof timethatthelungtransplantremainsfunctional, or
the timefromtransplantation to the time when thelung transplant hasirreversible failureand is no
longer functioning. At this point, respiratorysupportis needed and a retransplantmay be required.
This outcomeisreported inthestudiesintheshorttermasrates of acuterejection (proportion of
transplants that have been rejected), or inthe longer-term as graft survival (the proportion of patients
who havea surviving graft at various time points) or graft dysfunction (the proportion of patients with
transplants thatare no longer functioning at various time points).

The beststudy of graftsurvival is provided by lus etal 2018 whoreport higher rates of acuterejection
(PGD score Grade 2-3) of thegraftinECMO BTT patients thaninnon-bridged patientsat 24 hr(37%vs
15%respectively), 48 hrs (46%vs 14%) and 72hrs (42%vs 11%), all differences significantat p=<0.001.

They also followed up graftsurvival at 1 and 5 years. They foundthat 90% of non-ECMO and 79% of
ECMO BTT patients had grafts thatsurvived at 1 year,and68% of non-ECMOand61% of ECMO BTT
patients with grafts surviving at5 years. These differences were not statistically significant (p=0.13)
suggesting thatgraftsurvivalis no worsein ECMO BTT patients.

This relatively large and high-quality study suggests thatacute rejection of the graftin the days
immediatelyafter transplantation is far morelikelyin ECMOBTT, but thatin the long-term graft
survival does not differ from non-bridged patients.
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Other studies have not found any differencein rates of acute rejection immediatelypost-transplant
and havenotincluded a long-term follow upf graft survival:

Schechter et al reported the proportion of patients experiencing an episode of acute
rejectionbeforedischarge. This occurred in 8.7% of thosereceiving no bridging support,
10.8% in those receiving only ECMO, 12.9% of those on only MV, and 18.5% of those on
ECMO + MV, however these differences were not statistically significant. This is also a
relatively large, high-quality study.

Todd et al report primarygraft dysfunction (grade 3) at48-72 hours post-transplant of 26% in
the control non-ECMO groupand33%in the ECMO group, withthese proportions not being
statistically different. However, the number of patients on ECMO inthis studywas small.
Hayangaetal report median graft failureas 2,406 days for the control groupand 1,696 for
the MV group, butthey report ‘notreached’ forthe ECMO + MV group so this is of limited
use as an outcome (although they do however state the difference in the graft survival
between the groups is notstatistically significant). They also reported rates of acute rejection
atdifferentgrades (0-4) andfoundno statistical differenceinthe bridging strategies.

Although all studies reporta trend towards higher rates of acuterejectioninECMO BTT patientsin
the short-termimmediately post-transplant, there is some disagreement over whether this difference
is statisticallysignificant. There are no clear methodological or clinicalreasons why this might be the
case. Long-term follow up of graft survival is only reported by one study but clearly shows that there
is no difference between ECMO BTT and non-bridged patientsat1-and5-years.

Post-operative
complications

52

lus etal 2018 9/10 Direct
;'g}'g”ga et all 710 Direct
Todd et al 2017 8/10 Direct
;‘gﬁcmer et al | 10/10 Direct
Chiumello et al 8/10 Direct

2015

GradeA

Post-operative complications refer to any adverse consequences of having the lung transplant
operation.

The beststudy providing a comprehensive list of the post-operative complications seen inECMO BTT
patients compared with non-bridged patientsis lus etal 2018. The majority (57/68) of the patients in
the ECMO BTT group wereon an awake ECMO strategyandso did notreceive concurrent MV.

ECMO BTT (n=68) Non-ECMO BTT | P-value




(n=849)
PGD2or3at24h 25(37) 125 (15) <0.001
PGD2or3at48hr 30(46) 122 (14) <0.001
PGD2or3at72h 28(42) 93(11) <0.001
Rethoracotomy for bleeding 14 (21) 64 (8) <0.001
Dialysis 18(27) 63(7) <0.001
Atrial Fibrillation 9(13) 91(11) 0.52
Cerebrovascular event 1(2) 12/ (1) 0.63
Vascular complication 7(10) 16 (2) 0.001
Post-op pulsed steroid therapy | 34 (52) 223 (26) <0.001
Blood products (PRBCs) 23 (15-43) 6 (4-10) <0.001
Secondary ECMO 3(4) 17(2) 0.18
Tracheostomy 23(34) 90 (11) <0.001
Ventilation time (days) 3(1-17) 1(1-1) <0.001
In-hospital mortality 10(15) 42(5) 0.003

Several post-operative complications were morelikelyin ECMO BTT patients including bleeding
(indicated by need for blood products and rethoracotomy for bleeding), renal failure (indicated by
need for dialysis), vascular complications, need pulsed steroid therapy, tracheostomy, longer
ventilation times, and higher in hospital mortality.

Four other studies report post-operative complications:

e Toddetal (2017)also presenta comprehensive list of post-operative complications, but this
study was based on only 12 patientsinthe ECMO BTT group and 9/12 of these patients were
sedated. Some of these complications were more likelyin patients receiving ECMOBTT than
controls, including delirium (50% vs 13.5% respectively), myopathy (83.3% vs 12.3%) and
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thromboticevents (50% vs 18.5%), andthe need for return to the operatingtheatre (67% vs
16%). Blood transfusions were borderline more likelyin ECMOBTT (median of 2.5 vs 1).
Hayangaetal 2018alsoprovide a detailed account of the post-operative complications for
patients who received ECMO + MV BTT compared withthose receivingonly MV andcontrols
who received no bridging support. There was no differenceinrenal insufficiency requiring
dialysis (9%of controls, 13% of those on MV alone, and 8% of those on ECMO +MV) and no
differenceinairway complications (15% of controls, 21% of thoseon MV alone,and 18% of
those on ECMO +MV). However, bleeding requiring operation was higherin MV alone and
EMO +MV groups compared with controls but no differentin MV alone compared with
ECMO+MV (9% in controls, 19%in MV alone,and 20%inECMO + MV).

Chiumelloetal 2015looked at all the post-operative complications reported in the 14 studies
included in their systematic review. The proportions of ECMOBTT patients in each study
experiencing these complications was presented. Although this provides a very
comprehensive list of post-operative complications that were associated with ECMO BTT, itis
limited by notincluding comparisonwith rates of complications seen in lung transplant
patients not bridged with ECMO. The systematicreview also includes mostlyolder studies in
which ECMO technology and safety may not have been so good. Insummary therefore, this
study gives a goodindication of the possible complications that can occur with ECMO BTT,
butnoindicationof highlikelythey are with current procedures or in comparison witha non-
bridged transplant.

Schechter etal 2016 included two measures of post-operativecomplications, episode of
acuterejectionbefore discharge (outlinedin outcome above) and new onset of dialysis. The
incidence of new-onset dialysis was significantly different among the bridging strategies (P <
0.0001), with ECMO + MV patients having the highestincidence (23.5%) compared with both
ECMO only patients (13.9%) and MV only (10.3%). This is a high-quality studywith a relatively
large cohort of patients on ECMO, howeveritobtained datafromanational organ sharing
databasesoislikelyto have been limited inthe complicationsitreports due to only being
abletoincludeinformationrecorded on the database.

Overall, there is evidence that ECMO BTT is associated with some increased post-operative
complications. There is relatively high certainly that the risk of bleeding is higher in ECMO BTT
patients asthishas been foundinall thestudies thatreport this outcome.

Higher riskof renal failureis a little | ess consistently reported with one of the three studies including
this outcomefinding it to be more common in ECMO BTT (when ECMO alone given), one study finding
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no difference (ECMO+ MV given), and anotherstudy finding it depends on the use of concurrent MV
which increases risk of dialysis. Thereis therefore quitea high degree of uncertainty about this
outcome.

Itis, however, difficult to give precise estimates of risk for each of these complications in ECMO BTT
as thestudiesall useslightlydifferent, indirect measures of the complications (e.g. blood transfusion
vs rethoractotomy for bleeding).

Although thereis some degree uncertainty dueto small samplesizein the single study thatreports it
(Todd et al 2017), thereis clearsuggestionthat ECMO BTT is associated with far higher risk of delirium
and myopathy with around 50% and 80% of patients experiencing each of these respectively. Thereis
slightly more certainty that thrombotic and vascular events may be an increased riski nt his procedure
as this was also found by a larger, more robust study (lus et al), albeit at a far lower rate (10%
compared with 50% of ECMO BTT patientsin Toddetal 2017).

Functional status

Toddetal 2017

8/10

Direct

GradeB

This outcome refers to an individual's ability to perform normal dailyactivities required to meet basic
needs, fulfil usual roles, and maintain health and well-being.

Onestudy included assessment of functional statuswith the Karnofsky scale index whichis an
assessmenttool forfunctional impairment. Ascore of 50-70 on theKarnofsy Performance Status
(KPS) Scale signifies inability to work but livingathomeand ableto carefor most personal needs.
Score of 80-100 signifies ability to carryout normal activity and work with no assistance needed.

Post-transplant Karnofsky scale functional status scores foreachof the 12 patients undergoing ECMO
BTT reported as between 70 and 100 (median=90, mean=87.5). The 1-yearfunctionalstatusinECMO
BTT group was notsignificantly different from the non-ECMO group (p=0.74)

Itwas concludedthat 1-yearfunctionalstatus was excellentin both groups. However, they highlight
thatthisisina selectgroupof patients (under 65years old, ambulatory before deterioration, no other
organ dysfunction and goodrehabilitation potential).

Theseresults suggest thatthereis no difference between the functional status of patients on ECMO
BTT as thosewho do notreceive bridging support, however thereis a moderate degree of uncertainty
around this. Althoughthestudyis of highquality and used a recognised and validated measure of
functional status, the findings were based on relatively few patientsinthe ECMO group who have
been selected for ECMO on the basis of being of good functional status before deterioration,
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therefore the extent to which these results would be generalisable to patients who were less well
functioning or older is questionable.

Post-operative
ventilation

Hayanga et al
2018

7/10

Direct

lusetal 2018

Toddetal 2017

Toyoda etal 2013

GradeB

This outcome refers to whether or not patients required either MV or ECMO post-operatively,and in
the case of MVthedurationof timethey needed it for before they could be taken off the ventilator to
breath for themselves. Ashorter time on MV, or notrequiring MV or ECMO atallindicates a faster
recovery after thelung transplant.

Four studies present data on the need for ECMO post-transplantand one of thesealsoincludes data
on MV. Hayangaetal 2018 report the number and proportion of patients who required MV for <48
hours, 48hrs-5days and >5 days, and the number and proportion who required ECMO at all, in each of
their groups (patients

Control MV MV + ECMO
MV <48h 119(61.66) 3(6.25) 2(4.08)
MV  48h —| 31(67.35) 19(39.58) 14 (28.57)
5days
MV >5 days 43(22.28) 26(54.17) 33(67.35)
ECMO 19(9.79) 8(16.67) 28(57.14)

Patients who had been on MV alone or MV + ECMO BTT were more likely to be on MV for longer
compared with control patients whohadnot been bridged with support. Patients receiving pre-
transplant MV + ECMO were alsomorelikely thaneach of other two groups to require post-operative
ECMO (these differences were statistically significant).

This indicates that patients who have received pre-transplant MV or MV and ECMO will experience a
slower recovery inthe daysimmediatelypost-transplantandwill spendlonger on a ventilator in a
high dependency or ITU bed. However, it does not give any indication of the duration of MV required
beyond 5 days so thefull recoveryduration is unclear. It also does notindicate whether patients who
receive ECMO without MV (i.e. awake or ambulatory ECMO) would require this post-operative
supportasthestudy did notinclude these patients.

lus etal 2018 did look at secondary ECMO requirementsin patients who were on ECMO BTT but
without MV (awake strategy) and report no differencein therate of secondary ECMOinpatients on
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ECMO BTT (4% vs 2%, p=0.18).
Two smaller studies also report rates of ECMO post-transplant:

e Todd etal 2017 report the proportion of patients who required ECMO for primary graft
dysfunction as 0% In ECMO BTT and 2.5% (2 patients) non-bridged patients, with no
statistical difference between theserates. However, this study had a small samplesize with
only 12 patients on ECMO and the majority of these (9/12) were sedated on ECMO.

e Toyoda etal 2013 report significantly higher rates of use of post-transplant ECMO in54% of
patients undergoing ECMO BTT compared with in those not bridged (54%vs 6%, p=<0.01),
however this study includes patients whoreceived ECMO over ten years ago when outcomes
may not havebeen so good.

Overall, there is some disagreement about whether ECMO BTT results in a greater likelihood of
needing ECMO post-operatively but taken together thetwo recentlarge studies (Hayangaetal 2018
andlus etal 2018)suggestthat ECMO BTT is associated with greater need for post-operative ECMOi f
pre-transplant MV has been givenbut notif an ECMOalone strategyhas been adopted.

Awake Vs sedated
ECMO

Schechter et al

5016 10/10 Direct
lus etal 2018 9/10 Direct
Lehmann et al .

5015 6/10 Direct
Chiumello et al 8/10 Direct

2015

GradeA

Although severalstudiesinclude both sedated andawake patientsin their ECMO groups (lus et al
2018;Lehmann etal; Chiumello etal 2015), onlyonestudyincludes a fullcomparisonin the study
design between patients who are awake and those who are sedated and therefore on concurrent MV.

Schechter etal 2016 compared outcomes for patients on ECMO alone with those on MV alone, ECMO
+ MV, and those on no bridging support. Survival at 3 years for patients on ECMO alone was not
significantly different from those not requiring support (P =0.16), however patients requiring either
MV aloneor ECMO+ MV had significantly worse survivalcompared with patients not requiring
support (P <0.0001 forboth).

After adjustment with a multivariate Cox regression model, MV +/- ECMO was independently
associated with worse survival compared with patients not requiring mechanical bridge (MV only:
hazardratio[HR]=1.46; MV +ECMO =2.26, P <0.0001 for both), whereas ECMO alonewas not (P =
0.39).

Theseresults suggest that awake ECMO is associated with better survival than sedated ECMO which
requires MV and supports the survivaloutcome data (above) which demonstrates that survival for

57




ECMO BTTis comparable to non-bridged patients.

Other studies that provide a less comprehensive comparison of awake versus sedated ECMO:

e |lusetal 2018 presentsome analysis of the differences between the awake and sedated
patients in their study and report that outcomes did not differ between patients who
underwentan awake ECMO strategy and those who did notwithregards to graft survival
(P=0.38), patient survival (P=0.25), freedom from biopsy-confirmed rejection (P=0.53),
freedom from pulsed steroid therapy (P=0.98), freedom from chronic lung allograft rejection
(P=0.58),andfreedomfromretransplant (P=0.46). However, the number of patients on the
sedated strategy was small —only 11 of the 68 patients on ECMO —so results should be
treated with somecaution.

e Chiumelloetal 2015refer to onestudy in theirsystematicreview which found one-year
survival inECMO BTT was significantly better in spontaneously breathing patients than
mechanically ventilated ones (85% versus 50%) but no further details are given.

Althoughithas notbeen extensively reported in the literature, probablybecauseitis arelatively new
and emerging strategy for ECMO and the benefits are only recently being recognised, there is
moderateto high level of certaintyfrom thelarge, recent, high quality study by Schechteret al 2016
thatawake ECMO confers a survival advantage over sedated ECMO that requires MV.

9. Literature Search Terms

Search strategy Indicate all terms to be used inthesearch

P — Patients / Population

Which patients or populations of patientsareweinterested in? How
can they be best described? Are there subgroups that need to be

Patients listed forlung transplant per NHS BT policy:
NHSBT Policy 231/2 (http://odt.nhs.uk/pdf/lung_selection_policy.pdf)
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considered?

| —Intervention

Whichintervention, treatmentor approachshouldbe used?

ECMO or interventional lung assist

C— Comparison

Whatis/arethe main alternative/s to compare withtheintervention
being considered?

Supportivecare

O —Outcomes

Whatisreallyimportantfor the patient? Whichoutcomes should be
considered? Examples include intermediate or short-term outcomes;
mortality; morbidity and quality of life; treatment complications;
adverse effects; rates of relapse; late morbidity and re-admission

Critical to decision-making:
Survival to transplant
Overallsurvivalat1and 5 years

Quality of lifeduring the period of bridge to transplant and after transplant

Important to decision-making:

Adverse events including thrombosis, haemorrhage andinfection
Duration of ECMO (orILA)

Length of stay posttransplant, both in intensive careandoverall

Cost effectiveness

Assumptions/ limits applied to search

InclusionCriteria

Peer reviewed publications

English language

ExclusionCriteria

Abstracts

Letters
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Commentaries
Conference papers
Studies without comparators (including before and after studies)

Papers published greater than 10 years ago

10. Search Strategy

Search details Results

MEDLINE

Search terms

1. (((extracorporeal
membrane oxygenation)
OR ECMO) OR
interventional lungassist)
ORilA)

2. lungtransplant

3. bridg*

4. (((#1) AND#2) AND #3)

Searched on Pubmed | 402 articles
on 18" July 2018

Filters: published inlast
10 years, English

11.Evidence selection
Total number of publications reviewed: 402 titles and abstracts screened, 31 full text reviewed

Total number of publications considered relevant: 21

Total number of publications selected for inclusionin this briefing: 8
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