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ABSTRACT

Background

Available evidence has been inconclusive on whether pulmonary artery perfusion during cardiopulmonary bypass (CPB) is associated with
decreased or increased mortality, pulmonary events, and serious adverse events (SAEs) after open heart surgery. To our knowledge, no
previous systematic reviews have included meta-analyses of these interventions.

Objectives

To assess the benefits and harms of single-shot or continuous pulmonary artery perfusion with blood (oxygenated or deoxygenated) or a
preservation solution compared with no perfusion during cardiopulmonary bypass (CPB) in terms of mortality, pulmonary events, serious
adverse events (SAEs), and increased inflammatory markers for adult surgical patients.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase, Science Citation Index Expanded, and
advanced Google for relevant studies. We handsearched retrieved study reports and scanned citations of included studies and relevant
reviews to ensure that no relevant trials were missed. We searched for ongoing trials and unpublished trials in the World Health
Organization International Clinical Trials Registry Platform (ICTRP) and at clinicaltrials.gov (4 July 2017). We contacted medicinal firms
producing preservation solutions to retrieve additional studies conducted to examine relevant interventions.

Selection criteria

We included randomized controlled trials (RCTs) that compared pulmonary artery perfusion versus no perfusion during CPB in adult
patients (2 18 years).

Data collection and analysis

Two independent review authors extracted data, conducted fixed-effect and random-effects meta-analyses, and calculated risk ratios (RRs)
or odds ratios (ORs) for dichotomous outcomes. For continuous data, we have presented mean differences (MDs) and 95% confidence
intervals (Cls) as estimates of the intervention effect. To minimize the risk of systematic error, we assessed risk of bias of included trials. To
reduce the risk of random errors caused by sparse data and repetitive updating of cumulative meta-analyses, we applied Trial Sequential
Analyses (TSAs). We used GRADE principles to assess the quality of evidence.
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Main results

We included in this review four RCTs (210 participants) reporting relevant outcomes. Investigators randomly assigned participants
to pulmonary artery perfusion with blood versus no perfusion during CPB. Only one trial included the pulmonary artery perfusion
intervention with a preservation solution; therefore we did not perform meta-analysis. Likewise, only one trial reported patient-specific
data for the outcome "pulmonary events"; therefore we have provided no results from meta-analysis. Instead, review authors added two
explorative secondary outcomes for this version of the review: the ratio of partial pressure of oxygen in arterial blood (PaO,) to fraction
of inspired oxygen (FiO;); and intubation time. Last, review authors found no comparable data for the secondary outcome inflammatory
markers.

The effect of pulmonary artery perfusion on all-cause mortality was uncertain (Peto OR 1.78, 95% CI 0.43 to 7.40; TSA adjusted Cl 0.01 to
493; 4 studies, 210 participants; GRADE: very low quality). Sensitivity analysis of one trial with overall low risk of bias (except for blinding
of personnel during the surgical procedure) yielded no evidence of a difference for mortality (Peto OR 1.65, 95% CI 0.27 to 10.15; 1 study,
60 participants). The TSA calculated required information size was not reached and the futility boundaries did not cross; thus this analysis
cannot refute a 100% increase in mortality.

The effect of pulmonary artery perfusion with blood on SAEs was likewise uncertain (RR 1.12,95% CI 0.66 to 1.89; 3 studies, 180 participants;
GRADE: very low quality). Data show an association between pulmonary artery perfusion with blood during CPB and a higher postoperative
Pa0,/FiO, ratio (MD 27.80,95% Cl 5.67 t0 49.93; 3 studies, 119 participants; TSA adjusted C1 5.67 to 49.93; GRADE: very low quality), although

TSA could not confirm or refute a 10% increase in the PaO,/FiO, ratio, as the required information size was not reached.

Authors' conclusions

The effects of pulmonary artery perfusion with blood during cardiopulmonary bypass (CPB) are uncertain owing to the small numbers of
participants included in meta-analyses. Risks of death and serious adverse events may be higher with pulmonary artery perfusion with
blood during CPB, and robust evidence for any beneficial effects is lacking. Future randomized controlled trials (RCTs) should provide long-
term follow-up and patient stratification by preoperative lung function and other documented risk factors for mortality. One study that
is awaiting classification (epub abstract with preliminary results) may change the results of this review when full study details have been
published.

PLAIN LANGUAGE SUMMARY

The effects of perfusing the pulmonary circuit during open heart surgery in adults
Review question

During open heart surgery, the heart-lung machine temporarily takes over the function of the heart and lungs. During extracorporeal
circulation (ECC), only the systemic circuit is perfused with oxygenated blood with no blood supply to the lungs. This systematic review
assesses the beneficial and harmful effects of additional perfusion of the pulmonary circuit with blood or a preservation solution compared
with no blood supply to the lungs during ECC in adults undergoing open heart surgery. We report numbers of deaths, serious adverse
events, and pulmonary events (for this version of the review, mechanical ventilation and oxygenation after surgery).

Background

Pulmonary complications are often seen after open heart surgery with ECC when insufficient perfusion of the lungs leads to reduced tissue
oxygenation. Previous trials have led to different conclusions on whether additional perfusion of the pulmonary circuit during ECC may
decrease or increase risks of death, serious adverse events, and pulmonary events. This systematic review follows the Cochrane method
for systematic reviews to access evidence from randomized controlled trials (RCTs).

We identified four RCTs (210 participants) reporting on risk of death and mechanical ventilation time. Three trials reported on serious
adverse events and oxygenation after surgery. All trials were conducted without direct industry funding. The number of participants in
each trial ranged from 30 to 89. The mean age of participants was 59 years (range 37 to 70 years), and 65% were women. Types of surgery
included coronary artery bypass graft and valve replacement surgery. Only one trial included the intervention pulmonary perfusion with
a preservation solution. Therefore, in this version of the review, we report only results of the intervention pulmonary perfusion with blood
compared with no perfusion during ECC.

Key results

Pulmonary perfusion with blood during cardiopulmonary bypass was not associated with increased risk of death nor with decreased
serious adverse events and mechanical ventilation time. Trial results do not prove that a higher oxygenation value after surgery was
beneficial or harmful for pulmonary perfusion with blood during ECC.

Quality and quantity of the evidence

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 2
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Only one of theincluded trials had low risk of bias (except for blinding of personnel during the surgical procedure). Trials randomly assigned
210 participants, and the number of participants required to detect or reject a 100% risk ratio reduction in deaths was not reached; therefore
observed results are uncertain. Overall the quality of evidence is low.

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary bypass for open

heart surgery in adults

Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary bypass

Patient or population: adult surgical patients with the need for cardiopulmonary bypass-dependent heart surgery
Setting: hospitals in Europe and China
Intervention: pulmonary artery perfusion with blood during cardiopulmonary bypass
Comparison: no pulmonary artery perfusion during cardiopulmonary bypass

Outcomes Illustrative comparative risks* (95%  Relative effect  No. of partici- Quality of the Comments

Cl) (95% Cl) pants evidence

(studies) (GRADE)

Assumed risk - Corresponding

no pulmonary risk - pulmonary

artery perfusion  artery perfusion

with blood

All-cause mortality with-  Study population Peto OR1.78 210 @ #it# Results of sensitivity analysis restricted to
in longest follow-up in (0.43to 7.40) (4 RCTs) VERY LOWa;b studies at low risk of bias (1 study, 60 par-
all trials irrespective of ticipants): Peto OR 1.65 (0.27 to 10.15)
overallrisk of bias

28 per 1000 49 per 1000

(12 to 196)
Number of participants No patient-spe- No patient-spe- No patient-spe-  No patient-spe- All trials reported event-specific and not
with pulmonary events cific data cific data cific data cific data patient-specific pulmonary events. It was
within longest follow-up not possible to perform a meta-analysis,
as some participants may have had more
than 1 event.

Participants with= 1SAE  Study population RR1.12 180 @ #it# Results of sensitivity analysis restricted to
within longest follow-up (0.66 to 1.89) (3RCTs) VERY LOW¢,d studies at low risk of bias (1 study, 60 par-
in all trials, irrespective 429 per 1000 514 per 1000 ticipants): RR 0.95 (0.74 to 1.20)
of overall risk of bias (347 to 767)
Last measured PaO,/ Last measured MD 27.8 mmHg - 119 @ #it# Results of sensitivity analysis restricted to
FiO, ratio (mmHg) in all mean Pa0,/FiO, higher (3RCTs) VERY LOWe:f,g studies at low risk of bias (1 study, 59 par-

trials, irrespective of
overall risk of bias

ratio in all tri-
als, irrespective
of overall risk of

(5.67 higher to
49.93 higher)

ticipants): MD 39.67 (16.33 to 95.67)
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bias, was301.92
mmHg.

*The risk in the intervention group (and its 95% Cl) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; MD: mean difference; OR: odds ratio (Peto); PaO,/FiO,: ratio of partial pressure of alveolar oxygen to fraction of inspired oxygen; RCT: randomized

controlled trial; RR: risk ratio; RRI; relative risk increase; SAE: serious adverse event; TSA: Trial Sequential Analysis; TSMBs: trial sequential monitoring boundaries.

GRADE Working Group grades of evidence.

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for imprecision (wide Cl) as TSA showed that the required information size of 1500 for an RRI of 100% (a priori planned 30%) has not been reached, and
that no TSMBs have been crossed (Figure 1; Characteristics of included studies).

bbowngraded one level for risk of bias because three out of four trials had overall high risk of bias (Figure 1; Characteristics of included studies).

¢Downgraded two levels for imprecision (wide Cl) as TSA showed that the required information size of 504 for an RRI of 30% has not been reached, and that no TSMBs have been
crossed (Figure 1; Characteristics of included studies).

dDowngraded one level for risk of bias because two out of three trials had overall high risk of bias (Figure 1; Characteristics of included studies).

eDowngraded one level for imprecision (wide Cl).

fDowngraded one level for indirectness because the PaO,/FiO, ratio is a surrogate outcome with questionable clinical relevance.

9Downgraded one level for risk of bias because two out of three trials had overall high risk of bias (Figure 1; Characteristics of included studies).

feaqny £1
aueiyds’o) =

‘yyeay 19199
*SUOISII3P pawioju]
*33UaPIAS parshaL

SM3IADY J13BWSISAS JO seqeleq auelyd0)



“P17 ‘suos 73 AS)IM uyor Aq paysiignd ‘uoiieloqe)jod auelyd0) ay L 810Z ® ySuAdod

(mainay) synpe ui £128ans Jaeay uado 10y ssedAq Lreuowindoipaed Suunp uoisnyiad ou snsian uoisnyaad L1a)ie Lieuowind

Figure 1. Risk of bias graph: a plot of review authors' judgements about each risk of bias item presented as percentages across all included studies.
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BACKGROUND

Pulmonary dysfunction is a common complication of open heart
surgery with cardiopulmonary bypass (CPB). The causes are multi-
factorial, but prevailing theories comprise lung ischaemia and
activation of the inflammatory system mainly as a consequence
of CPB. Lung ischaemia occurs as a result of insufficient blood
supply to the pulmonary circuit during aortic cross-clamping,
leaving the lungs without ventilation or blood perfusion. During
this time, the only oxygen supply to the lungs is received from
the bronchial arteries, amounting to only 10% to 15% of the
normal blood supply to the pulmonary circuit (Massoudy 2001).
Activation of the inflammatory system occurs as a result of
tissue ischaemia and continuous contact between circulating
blood and artificial surfaces of the heart-lung machine. This
leads to a cellular and humoral immunity-mediated inflammatory
response together with endotoxin release from the splanchnic area
(Apostolakis 2010; McNicol 1999). Activation of the inflammatory
system is most evident after aortic cross-clamp release, during
which reperfusion of ischaemic lungs causes an interleukin-6 (IL-6)-
driven inflammatory response shown by an increased IL-6 level in
the right atrium compared with the pulmonary veins, indicating
thatischaemic lungs could be the site of IL-6 production (Massoudy
2001). Pulmonary inflammatory activation results in endothelial
leakage seen histologically as alveolar septal thickening and
decreased alveolar surface area, leading to abnormal gas exchange
with compromised oxygenation (Schlensak 2002).

Pulmonary artery perfusion during CPB has been shown to
improve postoperative oxygenation and lung compliance, to
reduce the inflammatory response, and to positively influence
haemodynamics (e.g. a higher cardiac index both during and
after surgery) (Li 2010; Massoudy 2000; Santini 2011; Sievers
2002). For clinical outcomes with potential economic benefits,
pulmonary artery perfusion has been shown to reduce intubation
time and thereby intensive care unit (ICU) length of stay (ICU-
LOS) (Li 2010). To perfuse the lung circuit during CPB, one or
two extra cannulations (pulmonal artery and vein) are needed.
Adverse events most commonly associated with cannulation of
blood vessels include bleeding, dissection, and tearing (Kirklin/
Barratt-Boyes 2012), although investigators have reported no
complications related to the pulmonary artery perfusion procedure
(Santini 2011).

Description of the condition

Reduced postoperative oxygenation is observed in all patients
following open heart surgery. Severity varies from a short need for
supplemental oxygen therapy or mechanical ventilation (< three
hours) to fever, productive cough, pulmonary oedema, pneumonia,
respiratory failure, and, in the most severe cases, acute respiratory
distress syndrome (ARDS) with a mortality rate of approximately
50% (Apostolakis 2010; Myles 2005; Schlensak 2002) - all prolonging
ICU-LOS. The severity of the postoperative pulmonary dysfunction
and associated increased mortality are known to be related to
patients' preoperative lung function (Adabag 2010; Ried 2010;
Roques 1999). Patients with reduced lung function (both restrictive
and obstructive pulmonary disease) therefore face a multitude of
problems both during and after open heart surgery.

Description of the intervention

Pulmonary artery perfusion is administered during aortic cross-
clamping when natural lung perfusion pathways are clamped
and ventilation is ceased. It is administered as a single shot
or continuously until clamp release, at which time the natural
perfusion of the lung circuit is re-established. To perfuse the lung
circuit during CPB, two extra cannulations are needed. Adverse
events most commonly associated with cannulation of blood
vessels are bleeding, dissection, and tearing (Kirklin/Barratt-Boyes
2012), although investigators have reported no complications
related to the specific pulmonary artery perfusion procedure
performed (Santini 2011). For perfusion with autologous blood
or a preservation solution, an extra inflow cannula is placed in
the pulmonary artery along with an outflow cannula in the left
atrium to ensure a bloodless operating field during surgery. With
autologous blood, perfusion is administered continuously from an
extra circuit in the heart-lung machine (an arterial and venous
pump) and the preservation solution is administered once during
primary cardioplegia. In the control group, researchers performed
standard CPB without simultaneous pulmonary artery perfusion
(Buggeskov 2013).

How the intervention might work

Five clinical trials (three randomized and two prospective studies)
have indicated preserved postoperative oxygenation by less
pitch in the ratio of partial pressure of oxygen in arterial
blood (PaO,) to fraction of inspired oxygen (FiO;) (PaO,/FiO,
ratio) or less fall in the oxygenation index (Ol) (where Ol =
FiOp x mean airway pressure (Mpaw)/PaOy) when compared
with baseline measurements. Investigators have also reported a
decrease in immunological mediators and a positive influence
on haemodynamics during CPB as a result of pulmonary artery
perfusion with blood (Massoudy 2000; Santini 2011; Sievers 2002)
or with a preservation solution (Li 2010; Wei 2004).

Why it is important to do this review

Currently, no systematic review has compared pulmonary artery
perfusion with no intervention for prevention of pulmonary
dysfunction after open heart surgery. Therefore we aim to provide
a systematic evaluation of the evidence for pulmonary artery
perfusion with blood or with a preservation solution for primary
prevention of pulmonary dysfunction after open heart surgery. In
particular, this review will indicate which interventions ought to be
investigated thoroughly in future larger randomized trials with low
risk of bias.

From an economic perspective, interventions to prevent
postoperative pulmonary complications may help to reduce the
financial burden on the healthcare system by reducing the
associated need for longer hospitalization.

OBJECTIVES

To assess the benefits and harms of single-shot or continuous
pulmonary artery perfusion with blood (oxygenated or
deoxygenated) or a preservation solution compared with no
perfusion during cardiopulmonary bypass (CPB) in terms of
mortality, pulmonary events, serious adverse events (SAEs), and
increased inflammatory markers for adult surgical patients.

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 7
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METHODS

Criteria for considering studies for this review
Types of studies

We included all randomized controlled trials (RCTs) including
adults irrespective of blinding, language, sample size, or
publication status. We excluded RCTs including children (< 18 years
old).

We also excluded controlled clinical trials (CCTs) that used quasi-
randomization methods (day of the week, date of birth, medical
record number, etc.) and other non-randomized studies (including
observational studies) in both adults and children as identified
through the search for RCTs.

Types of participants

We included trials with adults of all ethnicities undergoing open
heart surgery with CPB that compared the relevant intervention
with no intervention.

Types of interventions

We considered trials for inclusion when investigators allocated
at least one study group to receive pulmonary artery perfusion
during CPB (irrespective of perfusate, dose, temperature, or
pharmacological class of administered fluid or drug(s)) in
accordance with a standard (within trial) protocol for lung perfusion
during open heart surgery. This protocol included the following
interventions (single or multiple per trial) separated into two
comparisons.

« Pulmonary artery perfusion with oxygenated or deoxygenated
blood compared with no perfusion during CPB.

o Pulmonary artery perfusion with a preservation solution
compared with no perfusion during CPB.

Types of outcome measures
Primary outcomes

« All-cause mortality (at maximum follow-up)

o Pulmonary events: numbers of participants with reduced
postoperative oxygenation values (specified as a decrease in the
Pa0,/FiO, ratio, or an increase in the Ol), prolonged mechanical

ventilation (> three hours), pneumonia, and/or ARDS

Secondary outcomes

« Numbers of participants with one or more SAEs during the index
admission (e.g. patient- or clinician-reported adverse effects,
morbidity). The International Conference on Harmonization
Expert Working Group (ICH) defines an adverse event as any
untoward medical occurrence that does not have a causal
relationship to a specific treatment and can include any
unfavourable and unintended signs (e.g. abnormal laboratory
findings), symptoms, or diseases temporarily associated with
use of the respective medicinal product being assessed,
regardless of whether the event is related to this medicinal
product (ICH-GCP 1997). The ICH describes an SAE as any
adverse event that results in death; is life threatening; requires
hospitalization or prolongation of existing hospitalization; or
results in persistent or significant disability or incapacity; or any
medical event that may jeopardize the patient or require an

intervention to prevent it (ICH-GCP 1997). As we already report
mortality in the primary outcome, the secondary outcome
"Number of patients with one or more SAEs" does not include
death, although this differs from the ICH definition

« Change in inflammatory markers in plasma or bronchoalveolar
lavage fluid

Search methods for identification of studies
Electronic searches

We searched the following electronic databases for relevant
studies: Cochrane Central Register of Controlled Trials (CENTRAL;
2017, Issue 6), MEDLINE (from 1946 to July 2017), Embase (from
1974 to 2017, week 27), and Science Citation Index Expanded (Web
of Science; from 1900 to 4 July 2017), using a combination of subject
terms and text words.

These sites are reported to yield approximately 95% or more
of relevant studies sought by the search (Royle 2003). We have
provided search strategies in Appendix 1, together with time spans
of all searches.

We identified duplicate publications by comparing publications
of the same authors with respect to study populations, dates,
locations, and follow-up times.

We imposed no language restrictions.

Searching other resources

We handsearched the study reports retrieved and scanned the
citations of included studies and relevant reviews to ensure that
relevant trials were not missed. We searched for ongoing trials and
unpublished trials in the World Health Organization International
Clinical Trials Registry Platform (ICTRP) and at clinicaltrials.gov (4
July 2017). We contacted medicinal firms producing preservation
solutions to retrieve additional studies with relevant interventions.

Data collection and analysis
Selection of studies

Two review authors (KBB and LG) independently reviewed titles
and abstracts to select potentially relevant trials. We assessed
the full texts of provisionally included trials to determine whether
they met inclusion criteria. We resolved differences in opinion by
discussion and if necessary consulted with a third review author
(JW). We listed all excluded studies together with reasons for their
exclusion.

Data extraction and management

We performed this systematic review in accordance with
instructions provided in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011a). We performed analyses
using the Cochrane software Review Manager (RevMan) Version
5 (RevMan 5.3) and Trial Sequential Analysis software Version
0.9 downloaded from http://www.ctu.dk/tsa/. We have presented
results by following the recommended approach detailed in the
Cochrane Handbook for Systematic Reviews of Interventions.

Two review authors (KBB and LGR) independently extracted data as
listed in the data extraction form (see Appendix 2) from identified
RCTs (although this list was not yet exhaustive). In the case of a
discrepancy, we consulted a third review author (JW). We contacted
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the authors of individual trials to request unclear or missing
information.

Assessment of risk of bias in included studies

Trials with inadequate bias control increase the risk that beneficial
intervention effects may be overestimated (Gluud 2006; Savovic
2012). Therefore we (KBB and LG) independently assessed the risk
of bias of included trials by following the instructions given in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011a). We did not mask the trial name. We contacted study authors
to request unavailable information that we deemed necessary.

We assessed the domains listed below to determine the extent
of systematic error and the risk of bias for each trial (Kjaergard
2001; Moher 1998; Schulz 1995; Wood 2008). We have presented this
information in the Characteristics of included studies table.

Random sequence generation

« Low risk of bias: Investigators achieved sequence generation
by using computer random number generation or a random
numbers table. Drawing lots, tossing a coin, shuffling cards, and
throwing dice are adequate if performed by an independent
adjudicator.

o Unclear risk of bias: Investigators described the trial as
randomized but did not specify the method of sequence
generation.

« High risk of bias: Investigators described a sequence generation
method that was not, or may not be, random. We
excluded quasi-randomized studies that used dates, names, or
admittance numbers to allocate participants for assessment of
benefits but not for assessment of harms.

Allocation concealment

« Low risk of bias: Investigators used a central and independent
randomization unit - opaque and sealed envelopes - or similar
methods and did not reveal intervention allocations in advance
of or during enrolment.

« Unclear risk of bias: Investigators described the trial as
randomized but did not describe the method used to conceal
the allocation when intervention allocation could have been
revealed in advance of or during enrolment.

« High risk of bias: Investigators who assigned participants knew
the allocation sequence, or the study was quasi-randomized. We
excluded quasi-randomized studies for assessment of benefits
but not for assessment of harms.

Blinding of participants and personnel

« Low risk of bias: The report describes that both participants and
personnel were blinded (and describes the method of blinding)
with knowledge of allocation adequately prevented during the
trial.

« Unclear risk of bias: The report does not describe whether the
trial was blinded or describes the trial as blinded but does not
describe the method of blinding and indicates that knowledge
of allocation was possible during the trial.

« Highrisk of bias: The report states that the trial was not blinded
and that allocation was known during the trial.

Blinded outcome assessment

« Low risk of bias: Investigators assessed all relevant outcomes
while blinded and described the method of blinding with
knowledge of allocation adequately prevented.

« Unclear risk of bias: Investigators did not describe whether
outcome assessment was blinded, or described outcome
assessment as blinded but did not describe the method of
blinding, with knowledge of allocation possible.

« High risk of bias: Investigators described outcome assessment
as blinded and indicated that outcome assessors were
knowledgeable about allocation.

Incomplete outcome data

« Low risk of bias: Underlying reasons for missingness were
unlikely to make treatment effects depart from plausible values,
or investigators used proper methods when handling missing
data.

« Uncertain risk of bias: Information was insufficient for
assessment of whether the missing data mechanism, in
combination with the method used to handle missing data, was
likely to induce bias in the estimate of effect.

« High risk of bias: The crude estimate of effects (e.g. complete
case estimate) is clearly biased because of underlying reasons
for missingness and/or because methods used to handle
missing data were unsatisfactory.

Selective outcome reporting

« Low risk of bias: Investigators reported predefined or clinically
relevant and reasonably expected outcomes.

« Unclear risk of bias: Investigators did not report, or did not
fully report, all predefined or clinically relevant and reasonably
expected outcomes, making it unclear whether data on these
outcomes were recorded.

« High risk of bias: Investigators did not report one or more
clinically relevant and reasonably expected outcomes and/or
likely recorded data for these outcomes.

Vested interest bias

« Low risk of bias: Funding for the trial did not come from
any parties that might have confounding interests, or any
academic, professional, financial, or other benefits to the person
responsible for the trial were independent of the direction or
statistical significance of trial results.

« Unclear risk of bias: The source of funding is not clear, or it is
unclear whether the person responsible for the trial stands to
benefit according to the direction or statistical significance of
trial results.

Review authors assessing risk of bias also considered
administration of inappropriate treatment to control groups. We
have presented a risk of bias figure and a risk of bias summary in
the main body of the review to show our findings. We assigned trials
a degree of bias, for example, high, low, or unclear. Trials fell into
the "low risk of bias" group if we judged the trial as having "low
risk" in all domains except blinding of personnel during the surgical
procedure. If we judged risk of bias as "unclear" or "high", the trial
fell into the group of trials with "high risk of bias".
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Measures of treatment effect

We performed the meta-analysis and displayed results according
to Cochrane's recommendations (Higgins 2011a). We grouped data
on the basis of similarities of the interventions implemented. We
presented dichotomous data (benefit or harm) as meta-analysed
odds ratios (ORs) or risk ratios (RRs), with 95% confidence intervals
(Cls), Pvalues, and Trial Sequential Analysis (TSA) adjusted 95% Cls,
and displayed the findings in a forest plot based on a logarithmic
scale. For rare event data, we used the Peto odds ratio (POR) to
summarize intervention effects. For continuous data, we presented
the mean difference (MD) and the 95% Cl as estimates of the
intervention effect (or the standardised mean difference (SMD)
if diverse scales were used). When possible, we derived exact P
values (instead of above or below 0.05) for all comparisons. We
included the risk difference, if this was presented, to illustrate the
above results in absolute terms (e.g. number of participants who
developed pneumonia). We converted the OR or RR in the case
of statistically significant intervention effects to provide a number
needed to treat for an additional beneficial outcome (NNTB) or a
number needed to treat for an additional harmful outcome (NNTH)
estimate.

Only one trial reported results in accordance with the intention-to-
treat (ITT) principle use in the meta-analysis (Buggeskov 2016). We
extracted per-protocol data for the remaining trials for use in the
meta-analysis (Kiessling 2014; Liu 2005; Santini 2012).

Unit of analysis issues

Included trials may report multiple observations for the same
outcome (e.g. Pa0O,/FiO, ratio or Ol index as a single measurement
or as area under the curve (AUC) for continuous measurements
preoperatively, perioperatively, and postoperatively). In this case,
review authors may need to compute an effect measure that
incorporates all time points for each individual participant (e.g.
AUC).

Dealing with missing data

We contacted trial authors to request original data when
data on outcomes of excluded participants were missing. We
collected dropout rates together with reasons for dropping out as
reported by trial authors. We documented this information in the
Characteristics of included studies table.

Assessment of heterogeneity

We used the Chi2 test to confirm expected between-study
heterogeneity (Higgins 2002), and we used the 12 statistic (which
incorporates the Chi2 statistic (Q)) to inform the degree of
heterogeneity. We conducted subgroup analyses to investigate
possible sources of heterogeneity (see Subgroup analysis and
investigation of heterogeneity), and if sufficient numbers of trials
were present, we carried out meta-regression.

We seriously considered not doing the meta-analysis if the |12 value
for binary outcomes was larger than 75% owing to high risk of
heterogeneity due to pooling of trial results.

We performed the meta-analysis for continuous outcomes
regardless of the 12 value.

Assessment of reporting biases

We planned to prepare a funnel plot, using RevMan to investigate
the presence of bias, by plotting treatment effect against standard
error if the review included the 10 RCTs required to generate a
funnel plot. For future versions of the review when 10 or more
RCTs report on the same outcome, we will prepare a funnel plot.
We will use a linear regression approach to determine funnel plot
asymmetry (Egger 1997).

Data synthesis

We applied the random-effects model, except when Peto OR was
calculated and a fixed-effect model was appropriate (DerSimonian
1986). We used the Mantel-Haenszel method for meta-analysis of
trial data (Mantel 1959). The Mantel-Haenszel method assumes a
fixed-effect meta-analysis and is used for dichotomous data. The
Cochrane Handbook for Systematic Reviews of Interventions reports
that the Mantel-Haenszel method is best for combining trials with
small sample sizes (Higgins 2011a).

Trial Sequential Analysis

Cumulative meta-analyses are at risk of producing random errors as
the result of sparse data and multiple testing of accumulating data
(Brok 2009; Higgins 2011b; Pogue 1997; Thorlund 2009; Wetterslev
2008). Trial Sequential Analysis can be applied to assess this risk
(http://ctu.dk/tsa; Thorlund 2011). Researchers can calculate the
required information size (i.e. the number of participants needed
for a meta-analysis to detect or reject a certain intervention effect)
to minimize random errors (Wetterslev 2008; Wetterslev 2009). The
required information size takes into account the event proportion
in the control group; the assumption of a plausible risk ratio
(RR) reduction, or the RR reduction observed in included trials
with low risk of bias; and assumed heterogeneity - Turner 2013
- or diversity of the meta-analysis (Wetterslev 2008; Wetterslev
2009). Trial Sequential Analysis enables testing for significance
each time a new trial is included in the meta-analysis. On the basis
of the required information size, researchers can construct trial
sequential monitoring boundaries. This enables one to determine
the statistical inference concerning cumulative meta-analysis that
has notyet reached the required information size (Wetterslev 2008).

Firm evidence is established if the trial sequential monitoring
boundary is crossed before the required information size is
reached, in which case further trials may turn out to be superfluous.
In contrast, if the boundary is not surpassed, one may conclude
that it is necessary to continue with further trials before a specific
intervention effect can be detected or rejected. Firm evidence for
lack of the postulated intervention effect can also be assessed via
Trial Sequential Analysis. This occurs when the cumulative Z-score
crosses the trial sequential beta spending monitoring boundaries
and enters the area of futility. We planned to perform Trial
Sequential Analysis with an a priori anticipated risk ratio reduction
(RRR) of 30% for mortality and SAEs, along with a sensitivity
analysis based on the RRR suggested by trials with low risk of
bias in all bias domains, or with lower risk of methodological bias
(adequate sequence generation, adequate allocation concealment,
and adequate blinding). For Trial Sequential Analysis of the effect
on continuous outcomes (PaO,/FiO, ratio or Ol), we used an
anticipated MD corresponding to a 10% reduction (PaO,/FiO; ratio)

or increase (Ol) as the anticipated a priori intervention effect.
For all Trial Sequential Analyses, we used a priori anticipated
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diversity of 25% and the diversity found in actual meta-analyses
for estimation of the diversity-adjusted required information size
in the meta-analyses (Trial Sequential Analysis Manual; http://
www.ctu.dk/tsa/).

Subgroup analysis and investigation of heterogeneity

When appropriate, we performed subgroup analyses to assess
possible sources of heterogeneity. Specifically, if we found enough
trials to justify subgroup analysis, we identified differences or
similarities among the results of trials with common features.
We planned to perform subgroup analyses to help answer
specific questions about particular patient groups, or types of
interventions.

We planned to investigate the following subgroups.

« Type of intervention: single shot versus continuous pulmonary
artery perfusion with oxygenated or deoxygenated blood.

« Baseline lung function: trials including participants with
reduced lung function (> 50% of participants with forced
expiratory volume in one second (FEV;) < 80% of predicted)
versus trials including participants with normal lung function.

« Duration of follow-up: trials with longer follow-up than the
median follow-up of included trials versus trials with shorter
follow-up than the median follow-up of included trials.

We declared a subgroup effect only when results of the test of
interaction were statistically significant, with a P value less than
0.05 (Altman 2003).

Sensitivity analysis

We conducted analyses by using both models (fixed-effect and
random-effects) to determine whether trial results showed a
discrepancy. In case one ortwo trials dominated reported evidence,
we synthesized data (when similarities existed) and emphasized
results of the fixed-effect model meta-analysis (DeMets 1987).

We performed a sensitivity analysis by excluding trials with high
risk of bias. We stratified analyses by low risk of bias and high or
uncertain risk of bias. In future updates, when we identify sufficient
studies, we plan to test for subgroup heterogeneity to see if a
difference in intervention effect is evident between low and high or
uncertain risk of bias trials.

Economic issues

Although we predicted that a full economic evaluation would
not be feasible for this review, we discussed the cost and cost-
effectiveness of interventions and, if data permitted, preliminarily
reflected on efficient use of resources with respect to the efficacy of
interventions, for example, quality of life (as assessed by a validated
questionnaire) and length of hospital stay.

'Summary of findings' table and GRADE

We planned to include all primary and secondary outcome
measures in two 'Summary of findings' (SoF) tables (GRADE tables)
- one for each comparison (GRADEproGDT).

« Continuous or single-shot pulmonary artery perfusion with
oxygenated or deoxygenated blood compared with no
pulmonary perfusion during CPB.

« Continuous or single-shot pulmonary artery perfusion with a
preservation solution compared with no pulmonary perfusion
during CPB.

As only one trial included the intervention "pulmonary artery
perfusion with a preservation solution" (Buggeskov 2016), we did
not conduct a meta-analysis and we produced only one SoF table
(for the first comparison).

We used GRADE principles to assess the quality of the body
of evidence associated with the following specific outcomes
(Schiinemann 2008).

« All-cause mortality (at maximum follow-up) in all trials.

« Pulmonary events (e.g. numbers of participants with reduced
postoperative oxygenation values (specified as reduction in the
Ol or increase in the PaO,/FiO, ratio), prolonged mechanical
ventilation (> three hours), pneumonia, ARDS).

« Numbers of participants with one or more SAEs (at maximum
follow-up) in all trials.

« Last measured Pa0O,/FiO, ratio (mmHg) reported in trials.

We constructed a 'Summary of findings' table using the GRADE
approach to appraise the quality of a body of evidence on
the basis of the extent to which one can be confident that an
estimate of effect or association reflects the item being assessed
(GRADEproGDT). The quality of a body of evidence reflects within-
study risk of bias (methodological quality), directness of the
evidence, heterogeneity of the data, precision (risk of random error)
derived from Trial Sequential Analysis of effect estimates, and risk
of publication bias.

RESULTS

Description of studies
Results of the search

We identified a total of 336 references of possible interest by
searching the Cochrane Central Register of Controlled Studies
(CENTRAL), MEDLINE, Embase, Science Citation Index Expanded,
and reference lists of identified studies. We identified eight
additional trials by handsearching. We searched the World Health
Organization International Clinical Trials Registry Platform (WHO
ICTRP) for ongoing trials but found none. We found one epub
abstract with preliminary results ahead of the full article (Pichugin
2016), listed under Studies awaiting classification.

We excluded 100 duplicates and 222 clearly irrelevant references
upon reading the abstracts. Accordingly, we retrieved 14 references
for further assessment. Of these, we excluded nine references (four
CCTsin adults, four RCTs in children, and one RCT in adults without
a control group) from the meta-analyses and reported only data
on harm. We listed reasons for exclusion in the Characteristics of
excluded studies table.

In total, four RCTs described in five references fulfilled our inclusion
criteria (Figure 2) (Buggeskov 2016; Kiessling 2014; Liu 2005; Santini
2012). These trials included a total of 270 participants, with 210
participants providing data for the outcomes analysed in this
review.
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Figure 2. (Continued)
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We approached two corresponding or first study authors to request
missing or unclear information (Kiessling 2014; Santini 2012). We
received a reply from one of the two authors (Kiessling 2014). We
contacted the second author on several occasions but received
no reply (Santini 2012). One question not answered by this trial
author was whether participants included in one paper were also
included in a second paper (Santini 2012). The inclusion period for
the two reported populations overlapped, and it was not specified
in the later article whether participants were also included in the
primary trial (Santini 2012). For this reason, we considered the
two papers to describe a single trial with 64 participants (Santini
2012; primary reference), from which we primarily extracted data,
except outcomes data for the PaO,/FiO,, ratio and intubation time,

reported only in the 2011 publication (Santini 2011).

We present detailed descriptions in the Characteristics of included
studies table and in the appendices. A summary overview follows.

Included studies
Trial characteristics

The four included RCTs, described in five references, included 210
participants and reported on mortality (210 participants), SAEs
(180 participants), PaO,/FiO, ratio (119 participants), and SAEs and
intubation time (176 participants) (Buggeskov 2016; Kiessling 2014;
Liu 2005; Santini 2012). Three of these trials (four references) used
a two-arm parallel-group design (Kiessling 2014; Liu 2005; Santini
2012), and the remaining trial used a three-arm parallel-group
design (Buggeskov 2016). All four RCTs were published from 2005
to 2016.

Participants

Investigators randomly assigned a total of 210 participants to
pulmonary artery perfusion versus no perfusion during CPB in
the four trials reporting on outcomes (Buggeskov 2016; Kiessling
2014; Liu 2005; Santini 2012). Numbers of participants in each
trial were 64 (one trial, two references; Santini 2012), 56 (Kiessling
2014), 30 (Liu 2005), and 60 (Buggeskov 2016), respectively. The
approximate weighted mean age of trial participants was 59 (range
37 to 70). The mean proportion of women was 65% (137 of
210). One trial included only young participants (mean age 37
+ 5.2) undergoing mitral valve replacement and in some cases
concomitant tricuspid valvuloplasty owing to primary rheumatic
fever (Liu 2005). The remaining three trials included participants
undergoing standard coronary artery bypass graft (CABG) and/or
aortic valve replacement (AVR), in some cases with concomitant
surgery on the ascending aorta (Buggeskov 2016; Kiessling 2014;
Santini 2012). Two trials included only participants with no history
of pulmonary disease (Liu 2005; Santini 2012), and the remaining
two trials included only participants with chronic obstructive
pulmonary disease (COPD) (Buggeskov 2016; Kiessling 2014).

Funding

Two of the included trials were conducted without direct funding
by industry (Liu 2005; Santini 2012), and one trial reported support
received from a company producing equipment used during heart
surgery and in the intensive care unit (Kiessling 2014). One trial,
authored by two of the authors of this Cochrane review, was not
directly funded by industry but was supported by two restricted
grants - one from a pharmaceutical company, and one from an
independent pharmaceutical foundation (Buggeskov 2016; see
Declarations of interest section).
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Three of the included trials were conducted in high-income
countriesin Europe (Buggeskov 2016; Kiessling 2014; Santini 2012),
and one trial was conducted in an upper-middle-income country
(Liu 2005).

Experimental interventions

Two trials performed continuous pulmonary artery perfusion
with oxygenated blood during CPB (Liu 2005; Santini 2012),
and one trial performed non-pulsatile intermittent pulmonary
artery perfusion (4 L of venous blood initially after primary
cardioplegia and 3 L every 20 minutes during the CPB period)
(Kiessling 2014). The last trial performed continuous non-pulsatile
pulmonary artery perfusion with oxygenated blood in one group,
while performing single-shot pulmonary artery perfusion with a
hypothermic preservation solution in a second intervention group
(Buggeskov 2016).

Comparator interventions

In all four trials, the control group received no pulmonary artery
perfusion during CPB (Buggeskov 2016; Kiessling 2014; Liu 2005;
Santini 2012).

Co-interventions used in experimental and comparator
intervention groups

Anaesthesia, perfusion, and surgical protocols for both
experimental and comparator groups were comparable in the
four trials (Buggeskov 2016; Kiessling 2014; Liu 2005; Santini
2012). Protocols showed small deviations with regards to
perfusion techniques, with three trials performing hypothermic
CPB (Kiessling 2014; Liu 2005; Santini 2012), and one trial
performing normothermic CPB (Buggeskov 2016). In all four trials,

CPB was non-pulsatile and mechanical ventilation ceased during
CPB.

Excluded studies

We excluded nine studies from the review and meta-analysis; all
reported data on harm (De Santo 2003a; De Santo 2003b; Li 2010;
Sievers 2002; Suzuki 1997; Suzuki 2000; Suzuki 2001; Wei 2004;
Yi 2006). Four studies were CCTs in adults (De Santo 2003a; De
Santo 2003b; Sievers 2002; Suzuki 1997), four were RCTs including
children (Li 2010; Suzuki 2000; Suzuki 2001; Wei 2004), and one was
an RCT with no control group but two intervention groups - both
receiving pulmonary artery perfusion with blood (one group with
Chinese medicine added) (Yi 2006).

We present a detailed description of the characteristics of the eight
excluded studies in the section Characteristics of excluded studies.

Studies awaiting classification

One study awaits classification with only an epub abstract with
preliminary results currently available ahead of the full article
(Pichugin 2016).

Ongoing studies

We found no ongoing studies.

Risk of bias in included studies

Three trials had high or unclear risk of bias in one or more
bias domains other than outcome reporting bias and blinding of
personnel during the surgical procedure (Kiessling 2014; Liu 2005;
Santini 2012). One trial had low risk of bias in all domains, except
for blinding of personnel during the surgical procedure (Buggeskov
2016). See the risk of bias graph (Figure 1) and the risk of bias
summary (Figure 3).
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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For the key outcomes mortality, pulmonary events, and SAEs, we
considered only one trial to be at low risk of bias, except for blinding
of personnel during the surgical procedure (Buggeskov 2016).

Allocation
Generation of the allocation sequence

Three trials reported the primary outcome mortality and described
generation of the allocation sequence by block randomization or
lottery (Buggeskov 2016; Kiessling 2014; Santini 2012).

One trial provided no description of allocation sequence
generation (Liu 2005).

Allocation concealment

Three trials reported the primary outcome mortality and described
allocation concealment performed by drawing pre-prepared sealed
envelopes containing group assignment or centrally computer-
generated block randomization(Buggeskov 2016; Kiessling 2014;
Santini 2012).

One trial provided no description of allocation concealment (Liu
2005).

Blinding
Blinding of participants and personnel

Two trials reported the primary outcome mortality and described
incomplete blinding of personnel or unclear blinding of
participants (Kiessling 2014; Santini 2012). One trial reported the
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primary outcome of mortality and described blinding of personnel
(except for blinding of personnel during the surgical procedure) and
blinding of participants (Buggeskov 2016). Owing to the inherent
problem with blinding of a surgical intervention, we did not
expect any trials to describe blinding of the surgical team. One
trial provided no description of blinding of participants and/or
personnel (Liu 2005).

Blinding of outcome assessors

Two trials reporting the primary outcome mortality did not
describe blinding of outcome assessors (Liu 2005; Santini 2012).
One trial specifically described that outcome assessors were
unblinded (Kiessling 2014), and one trial described blinding of both
the statistician and those drawing conclusions (Buggeskov 2016).

Incomplete outcome data

Three trials reported the primary outcome mortality and provided
numbers and reasons for dropouts and withdrawals from the
intervention groups (Buggeskov 2016; Liu 2005; Kiessling 2014).
One trial did not consistently report on dropouts nor on
withdrawals (Santini 2012).

Selective reporting

All four trials reported mortality, pulmonary events in relation to
postoperative oxygenation values, intubation time, and ICU-LOS
and SAEs (Buggeskov 2016; Kiessling 2014; Liu 2005; Santini 2012).
One trial described inflammatory markers in both bronchoalveolar
lavage fluid and plasma (Santini 2012), one reported inflammatory
markers only in plasma (Kiessling 2014), and another reported
pathological changes in lung tissue (Liu 2005).

Other potential sources of bias

One trial had unclear risk of industry bias, as a company selling
equipment used for patients in the ICU supported the trial
(Kiessling 2014). Two trials had uncertain risk of industry bias,
as researchers did not describe financial support in the article
(Liu 2005; Santini 2012). One trial was not directly supported by
industry, but the first trial author had received two restricted
grants - one from a pharmaceutical company, and one from an
independent pharmaceutical foundation. Neither the company nor
the foundation had anyinfluence on the protocol (Buggeskov 2013),
and neither was involved in conduct of the trial, analysis of the data,
or writing of the trial report; thus we classified this trial as having
low risk of bias (Buggeskov 2016; see Declarations of interest).

Effects of interventions

See: Summary of findings for the main comparison Pulmonary
artery perfusion with blood versus no perfusion during
cardiopulmonary bypass for open heart surgery in adults

Intervention: Pulmonary artery perfusion with blood versus
no pulmonary perfusion during cardiopulmonary bypass

See Summary of findings for the main comparison.

Primary outcomes
1.1 All-cause mortality (at maximum follow-up)

Four trials including 210 participants provided data for analyses
on all-cause mortality (Buggeskov 2016; Kiessling 2014; Liu 2005;
Santini 2012). Investigators did not find that pulmonary artery
perfusion with blood compared with no perfusion during CPB was
associated with a difference in mortality (Peto OR 1.78, 95% Cl 0.43
to 7.40; 4 studies, 210 participants; 12=0%; Analysis 1.1; GRADE: very
low quality). We downgraded the quality of evidence to very low by
two levels for imprecision (wide Cl) and by one level for high risk of
bias (Figure 1; Characteristics of included studies). In a sensitivity
analysis of one trial with an overall low risk of bias (except for
blinding of personnel during the surgical procedure) (Buggeskov
2016), we found no evidence of a difference for mortality (Peto OR
1.65, 95% Cl 0.27 to 10.15; 1 study, 60 participants).

Trial Sequential Analysis on all-cause mortality (at maximum follow-
up)

Trial Sequential Analysis (Figure 4) in two of four trials reporting
death showed that even with an anticipated relative risk increase
(RRI) of 100% (a priori anticipated RRR was 30%), along with
mortality in the control group of 3%, type | error of 5%, type Il
error of 20%, and diversity (D2) of 0%, the required information
size was 1500 participants (Buggeskov 2016; Kiessling 2014; 116
participants). The anticipated RRI was changed from a priori 30% to
100%, as the actual information size was less than 3% to 4% of the
required information size for a 30% RRR. The cumulative Z-curve
did not cross boundaries for benefit, harm, nor trial sequential
monitoring boundaries for futility, indicating that, in the light
of sparse date and repetitive testing, evidence was insufficient
to refute even a 100% RRI or a 100% RRR for benefit or harm
of pulmonary artery perfusion with blood compared with no
perfusion during CPB (Imberger 2015; Mascha 2015; Terkawi 2016).
The Trial Sequential Analysis adjusted Cl for the intervention effect
measured in the two trials reporting deaths was 0.01 to 493. The
traditional 95% Cl was 0.43 to 7.40.
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Figure 4. Trial Sequential Analysis (TSA) of the meta-analysis of 2 trials reporting all-cause mortality at the maximal
length of follow-up. The blue line is the cumulative Z-curve, and the boundaries for benefit and harm are shown in
the upper and lower panels as a line between two points. The futility boundaries are shown as an inner wedge to

the right side as a triangle with the base adhering to the vertical line demonstrating the required information size.
The control event proportion (CEP) is 3%, and we are addressing an alternative hypothesis that pulmonary artery
perfusion with oxygenated blood may double mortality to 6% within maximal length of follow-up, with maximal
type I and Il errors of 5% and 20%, respectively. The required information size based on actual diversity of trials of
0% is 1500 participants, and none of the TSA boundaries is crossed. The TSA adjusted confidence interval (Cl) is 0.01

to 493. The traditional 95% Cl is 0.43 to 6.91.
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2.1 Pulmonary events (numbers of participants with reduced
postoperative oxygenation values, prolonged mechanical ventilation,
pneumonia, ARDS)

For the secondary primary outcome "pulmonary events", only
one trial reported pneumonia (Buggeskov 2016), and no trials
reported ARDS. We therefore made a pragmatic decision and
added the Pa0,/FiO, ratio and intubation time as two new
secondary explorative outcomes for this version of the review,
representing surrogate outcomes for lung function. Investigators
reported these as mean differences that were not patient specific,
as was first intended for the outcome "numbers of patients with
reduced postoperative oxygenation values, prolonged mechanical
ventilation, pneumonia, ARDS". If it becomes possible, we
will report in future versions of this review the numbers of
participants with reduced postoperative oxygenation values,
prolonged mechanical ventilation, pneumonia, and ARDS.

Secondary outcomes
3.1 Serious adverse events (SAEs) (at maximum follow-up)

Three trials reported SAEs defined according to the rules in
International Conference of Harmonization-Good Clinical Practice
(ICH-GCP) (and Directive 2001) as “any event that led to

!
4_____—_________-______-._-L._____._________'i______________________4

death, was life-threatening, required in-patient hospitalization or
prolongation of existing hospitalization, resulted in persistent or
significant disability, and any important medical event which
jeopardised the patient or required intervention to prevent
it” (Buggeskov 2016; Kiessling 2014; Santini 2012); we have listed
these trials in Appendix 3. Trials, including those with high and
low risk of bias, found that pulmonary artery perfusion with blood
compared with no pulmonary artery perfusion during CPB was not
associated with the proportion of SAEs in a random-effects model
(RR 1.12, 95% CI 0.66 to 1.89; 3 studies, 180 participants;I2 = 29%;
Analysis 1.2; GRADE: very low quality). We downgraded the quality
of evidence to very low by two levels for imprecision (wide ClI)
and by one level for high risk of bias (Figure 1; Characteristics of
included studies). In a sensitivity analysis of one trial with an overall
low risk of bias (except for blinding of personnel during the surgical
procedure) (Buggeskov 2016), we found no evidence of a difference
for proportions of SAEs (RR 0.95, 95% Cl 0.74 to 1.20; 1 study, 60
participants).

3.2 SAEs according to preoperative lung function (at maximum follow-
up)

One trial including 64 participants with a preoperative normal
lung function found that pulmonary artery perfusion with blood
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compared with no pulmonary artery perfusion during CPB was
not associated with proportions of SAEs (RR 0.33, 95% ClI 0.01
to 7.89; 1 study, 64 participants; Analysis 1.3; GRADE: very low
quality) (Santini 2012). Two trials including 116 participants
with preoperatively diagnosed COPD found that pulmonary
artery perfusion with blood compared with no pulmonary artery
perfusion during CPB was not associated with proportions of SAEs
in a random-effects model (RR 1.18, 95% CI 0.63 to 2.23; 2 studies,
116 participants; 12 = 64%; Analysis 1.3; GRADE: very low quality)
(Buggeskov 2016; Kiessling 2014). When testing for interaction, we
found no subgroup differences (P = 0.44; 12= 0%).

3.3 SAEs according to the follow-up period for each trial

One trial (64 participants) reporting SAEs within the index
admission found that pulmonary artery perfusion with blood
compared with no pulmonary artery perfusion during CPB was
not associated with proportions of SAEs (RR 0.33, 95% Cl 0.01
to 7.89; 1 study, 64 participants; Analysis 1.4; GRADE: very low
quality) (Santini 2012). Two trials (116 participants) reporting long-
term follow-up with a minimum follow-up of 30 days reported
that pulmonary artery perfusion with blood compared with no
pulmonary artery perfusion during CPB was not associated with
proportions of SAEs within the longest follow-up period in a
random-effects model (RR 1.18, 95% CI 0.63 to 2.23; 2 studies,
116 participants; 12 = 64%; Analysis 1.4; GRADE: very low quality)
(Buggeskov 2016; Kiessling 2014). When testing for interaction, we
found no subgroup differences (P = 0.44; 12 = 0%).

Trial Sequential Analysis on SAEs (at maximum follow-up)

Trial Sequential Analyses of the three trials reporting SAEs showed
that with an anticipated RRI of 30%, SAEs in the control group
of 40%, type | error of 5%, type Il error of 20%, and diversity
(D2) of 53%, the required information size was 1070 participants
(Buggeskov 2016; Kiessling 2014; Santini 2012; 180 participants).
The cumulative Z-curve did not cross any boundaries for benefit
and harm nor trial sequential monitoring boundaries for futility,
indicating that evidence was insufficient to refute a 30% RRI or a
30% RRR for benefit or harm of pulmonary artery perfusion with
blood, in the light of sparse data and repetitive testing (Imberger
2015; Mascha 2015; Terkawi 2016). The Trial Sequential Analysis
adjusted confidence interval for the intervention effect measured
in the three trials reporting SAEs was RR 1.18 with adjusted Cl 0.37
to 3.52. The traditional 95% Cl was 0.80 to 1.75.

4.1 Inflammatory markers

Two trials reported on inflammatory markers in plasma and
bronchoalveolar lavage fluid (Kiessling 2014; Santini 2012).
Both trials reported only two identical inflammatory markers
(interleukin (IL)-1 and tumour necrosis factor (TNF)-alpha)
measured in plasma but as repeated measurements at different
time points and with different time intervals. Therefore, we could
not perform a meta-analysis on inflammatory markers in plasma or
bronchoalveolar lavage fluid.

Santini 2012 reported no differences in plasma inflammatory
markers between participants receiving pulmonary artery
perfusion with blood compared with no perfusion during CPB.
Investigators found a higher level of anti-inflammatory markers
and a lower level of pro-inflammatory markers in bronchoalveolar
lavage fluid from participants receiving pulmonary artery perfusion
with blood compared with no perfusion during CPB (Santini 2012).

Kiessling 2014 reported an increase for all measured inflammatory
markers after initiation of CPB but with no differences between
groups.

5.1 Last measured Pa0,/FiO, ratio (mmHg)

In all trials reporting on the last measured PaO,/FiO;, ratio
(Buggeskov 2016; Liu 2005; Santini 2012), investigators found
that pulmonary artery perfusion with blood compared with no
perfusion during CPB was associated with a higher PaO,/FiO, ratio
inarandom-effects model (MD 27.80,95% CI 5.67 to 49.93; 3 studies,
119 participants; 12 = 0%; Analysis 1.5; GRADE: very low quality). We
downgraded the quality of evidence to very low by one level for
imprecision (wide Cl), by one level for risk of bias because two of
three trials had overall high risk of bias (Figure 1; Characteristics
of included studies), and by one level for indirectness because
the PaO,/FiO, ratio is a surrogate outcome with questionable
clinical relevance. Sensitivity analysis of one trial with an overall
low risk of bias (except for blinding of personnel during the
surgical procedure) revealed no evidence of a difference in the
last measured Pa0,/FiO, ratio (MD 39.67, 95% CI -16.33 to 95.67,;
1 study, 59 participants) (Buggeskov 2016). These investigators
reported a difference for the Ol (which includes mean airway
pressure in the calculation) but not for the PaO,/FiO, ratio used
in the current analysis, and remaining trials reported only the
Pa0,/FiO, ratio (Liu 2005; Santini 2012). PaO,/FiO5, ratio data were
available for only 28 of 29 participants receiving pulmonary artery
perfusion with blood.

5.2 Last measured Pa0,/FiO, ratio (mmHg) according to lung function

Trials including participants with a preoperative normal lung
function found that pulmonary artery perfusion with blood
compared with no perfusion during CPB was associated with a
higher postoperative Pa0O,/FiO; ratio in a random-effects model

(MD 25.60, 95% CI 1.51 to 49.70; 2 studies, 60 participants; |2
= 0%; Analysis 1.6; GRADE: very low quality) (Liu 2005; Santini
2012). One trial including participants with diagnosed COPD found
that pulmonary artery perfusion with blood compared with no
perfusion during CPB was not associated with a difference in the
Pa0,/FiO, ratio (MD 39.67, 95% CI -16.33 to 95.67; 1 study, 59
participants; Analysis 1.6; GRADE: very low quality) (Buggeskov
2016). When testing for interaction, we found no subgroup
differences (P =0.65; 12 = 0%).

Trial sequential analysis on the PaO,/FiO, ratio (mmHg) measured at
least six hours after surgery and anaesthesia

Trial Sequential Analysis (Figure 5) in three of four trials reporting
a Pa0,/FiO, ratio showed that with an anticipated increase in
Pa0,/FiO, ratio of 10%, along with PaO,/Fi0O, mean difference
of 29.1 mmHg in the control group, type | error of 5%, type Il
error of 20%, and diversity (D2) of 0%, the required information
size was 310 participants (Buggeskov 2016; Liu 2005; Santini
2012; 119 participants). The cumulative Z-curve did cross the
traditional boundary for benefit (P < 0.05) favouring pulmonary
artery perfusion with blood but did not cross the trial sequential
monitoring boundaries for benefit, indicating that evidence was
insufficient to confirm that a 10% increase in PaO,/FiO, ratio for
pulmonary artery perfusion with blood during CPB leads to a 10%
higher Pa0O,/FiO, ratio adjusted for sparse data and repetitive
testing. The TSA adjusted Cl for the intervention effect measured in
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the three trials reporting a PaO,/FiO, ratio was -10.7 to 66.4. The
traditional 95% Cl was 5.67 to 49.93.

Figure 5. Trial Sequential Analysis (TSA) of the meta-analysis of three trials reporting the ratio of partial pressure
of alveolar oxygen to fraction of inspired oxygen (Pa0,/FiO,) at least six hours after surgery and anaesthesia. The
blue line is the cumulative Z-curve, and the boundaries for benefit and harm are shown in the upper and lower
panels as a line between two points. The futility boundaries are shown as an inner wedge to the right side as a
triangle with the base adhering to the vertical line demonstrating the required information size. We are addressing
an alternative hypothesis that pulmonary artery perfusion with oxygenated blood may increase the PaO,/FiO; ratio
within 10% (29.1 mmHg absolute increase) at six hours after surgery and maximal type | and Il errors of 5% and
20%, respectively. The required information size based on actual diversity of trials of 0% is 282 participants, and
none of the TSA boundaries is crossed. The TSA adjusted confidence interval (Cl) is -10.7 to 66.4. The traditional 95%

Clis 5.67 to 49.93.
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6.1 Intubation time (hours) after primary surgery

Four trials provided data for analyses on Intubation time
(Buggeskov 2016; Kiessling 2014; Liu 2005; Santini 2012). Data were
not normally distributed; therefore we chose to report the median
values as approximated means and to calculate the standard
deviation (SD) from the interquartile ranges. For one trial (Santini
2012), the interquartile range was 0; we therefore imputed an SD of
0.01.

All trials found that pulmonary artery perfusion with blood
compared with no perfusion during CPB was not associated with a
difference for intubation time in a random-effects model (MD -0.35,
95% CI -1.12 to 0.42; 4 studies, 176 participants; 12 = 23%) nor in
a fixed-effect model (MD -0.10, 95% Cl -0.46 to 0.25; 4 studies, 176
participants; 12 = 23%; Analysis 1.7; GRADE: very low quality). We
downgraded the quality of evidence to very low by one level for
imprecision (wide Cl), by one level for risk of bias because three
of four trials had overall high risk of bias (Figure 1; Characteristics

of included studies), and by one level for indirectness because
intubation time is a surrogate outcome with questionable clinical
relevance. A sensitivity analysis of one trial with an overall low
risk of bias (except for blinding of personnel during the surgical
procedure) revealed no evidence of a difference in intubation time
after primary surgery (MD -1.00, 95% Cl -2.24 to 0.24; 1 study, 60
participants) (Buggeskov 2016).

As converted skewed data from Santini 2012 resulted in a narrow
SD, data weighted the overall analysis. A sensitivity analysis
excluding data from Santini 2012 resulted in a tendency towards a
shorter intubation time for participants receiving pulmonary artery
perfusion with blood (MD -1.14, 95% Cl -2.34 to 0.05; 3 studies, 146
participants; 12 = 0%; Analysis 1.7; GRADE: very low quality).
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6.2 Intubation time (hours) after primary surgery according to lung
function

Trials including participants with a preoperative normal lung
function found that pulmonary artery perfusion with blood
compared with no perfusion during CPB was not associated with
a difference for intubation time in a random-effects model (MD
-0.61, 95% Cl -2.92 to 1.71; 2 studies, 60 participants; 12 = 41%;
Analysis 1.8; GRADE: very low quality) (Liu 2005; Santini 2012). Trials
including participants with diagnosed COPD found that pulmonary
artery perfusion with blood compared with no perfusion during
CPB was not associated with a difference for intubation time in a
random-effects model (MD -1.00, 95% Cl -2.24 to 0.24; 2 studies,
116 participants; 12 = 0%; Analysis 1.8; GRADE: very low quality)
(Buggeskov 2016; Kiessling 2014). When testing for interaction, we
found no subgroup differences (P =0.77; 12 = 0%).

Trial Sequential Analysis on intubation time (hours) after surgery and
anaesthesia

Trial Sequential Analysis (Figure 6) in the four trials reporting
intubation time showed that with anticipated decrease in
intubation time of 1.5 hours, mean difference in intubation time
for the control group of 1.5 hours, type | error of 5%, type Il error
of 20%, and diversity (D2) of 78%, the required information size
was 188 participants (Buggeskov 2016; Kiessling 2014; Liu 2005;
Santini 2012; 176 participants). The cumulative Z-curve crossed the
trial sequential monitoring boundaries for futility, indicating that
evidence was sufficient to refute a 10% decrease or increase in
intubation time for benefit or harm of pulmonary artery perfusion
with blood, in the light of sparse data and repetitive testing
(Imberger 2015; Mascha 2015; Terkawi 2016). The TSA adjusted ClI
for the intervention effect measured in the four trials reporting
intubation time was -1.28 to 0.46. The traditional 95% Cl was -1.12
to 0.42.

Figure 6. Trial Sequential Analysis (TSA) of the meta-analysis of four trials reporting intubation time after surgery
and anaesthesia. The blue line is the cumulative Z-curve, and the boundaries for benefit and harm are shown in the
upper and lower panels as a line between two points. The futility boundaries are shown as an inner wedge to the
right side as a triangle with the base adhering to the vertical line demonstrating the required information size. We
are addressing an alternative hypothesis that pulmonary artery perfusion with oxygenated blood may decrease
intubation time within 1.5 hours after surgery with maximal type I and Il errors of 5% and 20%, respectively. The
required information based on actual diversity of trials of 78% is 188 participants, and none of the TSA boundaries is
crossed. The TSA adjusted confidence interval (Cl) is -1.28 to 0.46 hours, excluding a difference in intubation time of

1.5 hours or more. The traditional 95% Cl is -1.12 to 0.42.
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Intervention: Pulmonary artery perfusion with a preservation
solution compared with no perfusion during CPB

Only one study reported results for the comparison pulmonary
artery perfusion with a preservation solution versus no perfusion

during CPB. Therefore it was not possible to perform a meta-
analysis. Buggeskov 2016 reported no differences in mortality (RR
1.60,95% C10.29 to 8.92; 1 study, 60 participants; Analysis 2.1), SAEs
(RR 1.07,95% CI 0.88 to 1.30; 1 study, 60 participants; Analysis 2.2),
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nor last measured PaO, /FiO, ratio (MD -25.34, 95% Cl -69.16 to
-18.48; 1 study, 60 participants; Analysis 2.3) between participants
receiving pulmonary artery perfusion with a preservation solution
compared with no perfusion during CPB. Likewise, Buggeskov 2016
reported no differences in intubation times between participants
receiving pulmonary artery perfusion with a preservation solution
compared with no perfusion during CPB, using the van Elteren
test, owing to non-normal distribution (count-data) of data. The
Review Manager analysis in our present review, unduly based on
the assumption of normal distribution of intubation times, resulted
in detection of a difference in intubation time between the two
groups (MD -2.00, 95% CI -3.50 to -0.50; 1 study, 60 participants;
Analysis 2.4).

DISCUSSION

Summary of main results

Alltrials reported that the effect of pulmonary artery perfusion with
blood during cardiopulmonary bypass (CPB) on all-cause mortality
was uncertain (Peto odds ratio (OR) 1.78, 95% confidence interval
(Cl) 0.43 to 7.40; 4 studies, 210 participants; 12 = 0%; Analysis
1.1; GRADE: very low quality) (Buggeskov 2016; Kiessling 2014;
Liu 2005; Santini 2012). Sensitivity analysis of one trial with an
overall low risk of bias (except for blinding of personnel during the
surgical procedure) yielded no evidence of a difference for mortality
(Peto OR 1.65, 95% ClI 0.27 to 10.15; 1 study, 60 participants)
(Buggeskov 2016). Trial Sequential Analysis on mortality showed
that the information size required to detect or reject a risk ratio
increase (RRI) of 100% was not achieved; therefore we could
not conclude whether an intervention effect was evident (Figure
4). When further data become available and are added to this
review, the cumulative meta-analysis may reveal an effect (risk ratio
reduction (RRR) or RRI of 100% or as a priori planned 30%) of
pulmonary artery perfusion with blood during CPB on mortality.
Subgroup analyses on preoperative lung function and short- versus
long-term follow-up showed no differences in intervention effects
on all-cause mortality (within maximum follow-up).

All trials reporting serious adverse events (SAEs) indicated that the
effect of pulmonary artery perfusion with blood on the proportion
of SAEs was uncertain (risk ratio (RR) 1.12, 95% Cl 0.66 to 1.89; 3
studies, 180 participants; 12 = 29%; Analysis 1.2; GRADE: very low
quality) (Buggeskov 2016; Kiessling 2014; Santini 2012). Sensitivity
analysis of one trial with an overall low risk of bias (except for
blinding of personnel during the surgical procedure) yielded no
evidence of a difference in SAEs (RR 0.95, 95% Cl 0.74 to 1.20; 1
study, 60 participants) (Buggeskov 2016). Trial Sequential Analysis
revealed that only 17% of the required information size (1070
participants) had been reached, and that neither conventional
nor trial sequential monitoring boundaries for benefit, harm, and
futility had been crossed. Subgroup analyses on preoperative
lung function and short- versus long-term follow-up revealed no
differences in intervention effects on proportions of SAEs.

All trials reporting a ratio of partial pressure of oxygen in arterial
blood (Pa0;) to fraction of inspired oxygen (FiO,) at least six
hours after surgery found that pulmonary artery perfusion with
blood during CPB was associated with a higher PaO,/FiO, ratio
(mean difference (MD) 27.80, 95% CI 5.67 to 49.93; 3 studies, 119
participants; 12=0%; P =0.01; Analysis 1.5; GRADE: very low quality)
(Buggeskov 2016; Liu 2005; Santini 2012). Sensitivity and subgroup

analyses on risk of bias, preoperative lung function, and short-
versus long-term follow-up demonstrated similar results. Despite
the overall result of traditional meta-analysis, Trial Sequential
Analysis showed that only 39% of the information size required to
detect or reject a 10% (absolute 29.1 mmHg) increase in PaO,/FiO,
ratio was reached, and that no Trial Sequential Analysis boundaries
were crossed. Therefore we cannot confirm the presence of an
intervention effect of pulmonary artery perfusion with blood
compared with no perfusion during CPB seen as a 10% increase or
decrease in the PaO,/FiO, ratio (Figure 5).

All trials showed that the effect of pulmonary artery perfusion with
blood on intubation time after primary surgery was uncertain (MD
-0.35, 95% Cl -1.12 to 0.42; 4 studies, 176 participants; 12 = 23%;
Analysis 1.7; GRADE: very low quality) (Buggeskov 2016; Liu 2005;
Kiessling 2014; Santini 2012). Sensitivity and subgroup analyses
on risk of bias, preoperative lung function, and short- versus long-
term follow-up yielded similar results. Trial Sequential Analysis
showed that the information size required to detect or reject an
increaseinintubation time of 1.5 hours was not surpassed,although
trial sequential monitoring boundaries for futility were surpassed,
refuting even a 1.5-hour reduction in intubation time (Figure 6).

We were not able to detect a 30% excess in all-cause mortality
of pulmonary artery perfusion with blood during CPB in all trials,
nor in all trials with low risk of bias. Furthermore, we did not
find consistent evidence that pulmonary artery perfusion with
blood during CPB is associated with risk of SAEs and prolonged
or shortened intubation time. We found an association between
pulmonary artery perfusion with blood and a higher postoperative
Pa0,/FiO, ratio, but we were not able to confirm a 10% increase,
as the cumulative Z-curve of the Trial Sequential Analysis did not
surpass the boundary for benefit. An association between a higher
postoperative PaO, /FiO, ratio in patients receiving pulmonary
artery perfusion with blood during CPB and clinical relevant
outcomes such as mortality and pulmonary and serious adverse
events is therefore arguable. Especially in the light of current
discussions on targeting oxygen treatment to avoid hypoxaemia
but without applying hyperoxia, this can lead to vasoconstriction
on normal vasculature and can consequently reduce blood flow to
at-risk tissues (Hafner 2015; Sjoberg 2013).

Only one study included the intervention pulmonary artery
perfusion with a preservation solution (Buggeskov 2016). Therefore
it was not possible to include these data in a meta-analysis.
Buggeskov 2016 found no differences in mortality, SAEs, nor last
measured PaO, /FiO, ratio. Likewise, Buggeskov 2016 reported
no differences in intubation times between patients receiving
pulmonary artery perfusion with a preservation solution and those
given no perfusion during CPB, although the different statistical
approach applied in the current review resulted in detection of a
difference in intubation time between the two groups.

Overall completeness and applicability of evidence

We included all eligible randomized controlled trials (RCTs) up to
July 2017. Buggeskov 2016, Kiessling 2014, and Santini 2012 were
conducted in high-income countries, and Liu 2005 in an upper-
middle-income country. Trials included both sexes (35% women,
65% men), and participants were generally patients undergoing
cardiac valve replacement or coronary artery bypass graft (CABG).
All participants came from primary intervention trials. We found
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low statistical heterogeneity in our analyses of mortality and last
measured PaO,/FiO, ratio.

Only one trial reported the effect of pulmonary artery perfusion
with blood on pulmonary events; accordingly we could not meta-
analyse study data (Buggeskov 2016). This trial did not report an
association between pulmonary artery perfusion with blood and
pulmonary events. Two trials reported effects on inflammatory
markers but at different time points using only two of the same
markers (Kiessling 2014; Santini 2012). Therefore we could not
meta-analyse those data.

In general we found insufficient data to conduct meaningful
subgroup analyses and Trial Sequential Analyses.

Quality of the evidence

A major drawback of meta-analyses performed for this review is
the small total number of participants combined with multiple
outcomes, which may account for high risk of both false-positive
and false-negative results due to type Il and type | errors,
respectively. In addition, we classified three of the four included
trials as having high risk of bias (Kiessling 2014; Liu 2005; Santini
2012). Therefore we graded the overall quality of evidence for all
outcomes as very low.

We found no effect of pulmonary artery perfusion with blood
during CPB on mortality, proportions of SAEs, nor intubation.
However, for the outcome intubation time, the cumulative Z-
curve did cross the trial sequential monitoring boundaries for
futility in the Trial Sequential Analysis, indicating that evidence
was sufficient to refute a 10% decrease or increase. We found
a higher postoperative PaO,/FiO, ratio for participants receiving
pulmonary artery perfusion with blood, although the cumulative
Z-curve did not cross trial sequential monitoring boundaries for
benefit or harm. Trial Sequential Analysis does not remove risks
of bias - detected or undetected. It is relevant to discuss how
much evidence is required to detect benefit or harm of the
intervention, as estimated beneficial or harmful effects can occur
as the result of random errors. Therefore assessment of sufficient
information is needed to demonstrate a reliable benefit or harm
of an intervention. For this review, Trial Sequential Analyses were
based on anticipation of a rather large, but possibly not realistic,
clinically relevant intervention effect. To detect or reject an even
smaller intervention effect, much larger information sizes are
required (Imberger 2015; Mascha 2015; Terkawi 2016).

Potential biases in the review process

We repeatedly searched several databases and contacted authors
of trials investigating pulmonary artery perfusion compared with
no perfusion during CPB, but the fact that one study - Pichugin 2016
- has not yet been incorporated may be a source of potential bias
(see Studies awaiting classification). We also contacted medical
firms producing preservation solutions to ask about former and
ongoing trials. We therefore assume that we have not overlooked
important RCTs.

In general, only about every second trial is reported, so possible
reporting biases cannot be fully excluded (Gluud 2008). On the
other hand, we obtained more information than was previously
published in any systematic reviews or meta-analyses.

We selected all trials and checked all data in duplicate, and we
reached a high level of agreement. We were not blinded to study
authors and bias risks while conducting quality assessments and
data extractions. Two authors of this review (KB and JW) have been
involved in one of the included trials (Buggeskov 2016); however,
review authors not involved in the trial (LGR and ECR) extracted
data and assessed bias for this trial.

Agreements and disagreements with other studies or
reviews

To our knowledge, this is the first systematic review on effects of
pulmonary artery perfusion with blood during CPB for open heart
surgery in adults. Overview articles with data from both animal and
human studies have been published previously but included no
meta-analyses (Apostolakis 2010; Carvalho 2008; Ng 2002; Suzuki
2010).

One RCT including 14 consecutive infants with ventricular
or atrioventricular septal defect and pulmonary hypertension
reported no effects of pulmonary artery perfusion with blood
during CPB on death nor on adverse events (Suzuki 2001). A
larger methodologically identical RCT including 30 infants and
an earlier controlled clinical trial (CCT) reported similar results
(Suzuki 1997; Suzuki 2001). An RCT including 24 infants with
congenital heart defects and pulmonary hypertension randomized
to receive pulmonary artery perfusion with hypothermic histidine-
tryptophan-ketoglutarate (HTK) solution compared with no
perfusion during CPB reported no deaths and did not report SAEs
(Li 2010).

Two CCTs assigned 42 adults with acute aortic dissection
prospectively and alternately to receive pulmonary artery
perfusion with hypothermic Celsior (single-shot) compared with no
perfusion during selective cerebral perfusion (De Santo 2003a; De
Santo 2003b). Both articles reported no differences in deaths nor
in SAEs between groups. Last, one CCT prospectively assigned 16
participants who underwent CABG or AVR to receive pulmonary
artery perfusion with hypothermic autologous blood (single-
shot) compared with no perfusion during CPB (Sievers 2002);
investigators reported no deaths in either group and did not report
SAEs.

Overall, data show no differences in reported harms including
death between excluded studies.

AUTHORS' CONCLUSIONS

Implications for practice

The effects of pulmonary artery perfusion with blood during
cardiopulmonary bypass (CPB) are uncertain owing to the small
numbers of participants included in meta-analyses. Risks of
death and serious adverse events may be higher with pulmonary
artery perfusion with blood during CPB, and robust evidence for
any beneficial effects is lacking. Future randomized controlled
trials (RCTs) should provide long-term follow-up and patient
stratification by preoperative lung function and other documented
risk factors for mortality. One study that is awaiting classification
(epub abstract with preliminary results) may change the results of
this review when the full study report is published.
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Implications for research

Before definitive conclusions can be drawn, additional RCTs must
explore the effects of pulmonary artery perfusion with blood
compared with no perfusion during CPB on mortality and serious
adverse events (SAEs). Larger trials with low risk of bias in all bias
domains must examine patient-important outcomes such as all-
cause mortality, SAEs, and health-related quality of life. A recent
systematic review described the need for a core set of patient-
relevant clinical and quality of life-related outcomes for inclusion in
future cardiac surgery trials (Benstoem 2015). Future RCTs should
provide long-term follow-up while including patients stratified by
preoperative lung function and other documented risk factors for
mortality.

Investigators should design future trials according to SPIRIT
guidelines and should report results according to CONSORT
guidelines (Chan 2013; www.consort-statement.org). Future trials
should also provide individual participant data for inclusion in
meta-analyses on longitudinal outcomes adjusted for relevant

confounders. In future updates of this review, we will seek to
conduct analyses of the effects of pulmonary artery perfusion
during CPB on pulmonary events.
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Notes

Potential conflicts of interest due to pharmaceutical funding. First trial author received in January 2012
arestricted grant of 4 months' salary to write the protocol for The Pulmonary Protection Trial (200.000
DKR out of a total budget for The Pulmonary Protection Trial of 3.2 million DKR) from a pharmaceutical
company distributing (but not producing) Custodiol HTK Solution (Buggeskov 2013). In addition, the
first trial author was granted an independent scholarship from The Lundbeck Foundation, which is a
not-for-profit independent foundation (see Declarations of interest).

Lars Grenlykke and Emilie C. Risom extracted these data to avoid bias.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Performed centrally at a trial web page by block randomization

tion (selection bias)

Allocation concealment Low risk Performed centrally at a trial web page by block randomization. Allocations

(selection bias) were performed by a computer-generated sequence blinded to investigators,
treatment providers, and participants.

Blinding of participants High risk Blinding was performed for participants, care personnel at the ICU and surgi-

and personnel (perfor- cal ward, the statistician, and those drawing conclusions. Investigators and

mance bias) personnel at the operating room were not blinded to the intervention.

All outcomes

Blinding of outcome as- Low risk The statistician and those drawing conclusions were blinded to intervention

sessment (detection bias) group assignment during the analysis phase and during writing of the ab-

All outcomes stracts.

Incomplete outcome data ~ Low risk All randomized participants were included in the intension-to-treat analysis,

(attrition bias) and none were lost to follow-up.

All outcomes

Selective reporting (re- Low risk A prepublished protocol describing trial outcomes was found comparable with

porting bias) the article in terms of outcomes reported.

Other bias Low risk A prepublished statistical analysis plan was found comparable with the article

in terms of outcomes reported.

Kiessling 2014

Methods

Parallel-group randomized controlled trial conducted from January 2011 to September 2012 in Ger-
many

Participants

59 participants > 18 years old with COPD undergoing CABG and valve surgery

Interventions

Single-shot pulmonary artery perfusion with deoxygenated blood (every 20 minutes) during CPB vs no
perfusion during CPB

Outcomes Alveolar-arterial oxygen gradient (A-aDo,), Ol measured before and after surgery, mortality, SAEs, intu-
bation time, ICU and in-hospital lengths of stay, and serum cytokine
Notes Potential economic bias and conflicts of interests. The trial was funded by a pharmaceutical company.
Risk of bias
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Kiessling 2014 (continued)

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants were randomized by the study co-ordinator and by the clinical re-
tion (selection bias) search institute.

Allocation concealment Low risk Randomization was performed by the study co-ordinator and by the clinical
(selection bias) research institute as block randomization based on an Excel sheet.

Blinding of participants High risk The trial was performed unblinded for all parties.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk The trial was performed unblinded for all parties.
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Statistical analysis was based on per-protocol as-treated analysis.

(attrition bias)

All outcomes

Selective reporting (re- High risk No prelaunch randomization written protocol specified planned outcome
porting bias) measures.

Other bias Unclear risk Potential economic bias and conflicts of interests. The trial was funded by a

pharmaceutical company.

Liu 2005

Methods Parallel-group randomized controlled trial conducted from 2005 to 2006 in China

Participants 30 participants with rheumatic mitral stenosis who had undergone mitral valve replacement and in
some cases also tricuspid valvuloplasty

Interventions Continuous pulmonary artery perfusion with oxygenated blood during CPB vs no perfusion during CPB

Outcomes CPB time, aortic cross-clamp time, intubation time, ICU-LOS, PaO,/FiO, ratio measured before surgery
and until 6 hours after surgery, mortality, pathological changes in lung tissue

Notes SAEs were not reported. Funding and potential conflicts of interest were not described.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Random sequence generation was not described. Just states "randomized"

tion (selection bias)

Allocation concealment Unclear risk Allocation concealment was not described.
(selection bias)

Blinding of participants Unclear risk Blinding of participants or personnel was not described.
and personnel (perfor-
mance bias)
All outcomes
Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 29

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Liu 2005 (continued)

Blinding of outcome as- Unclear risk Blinding of outcome assessment was not described.

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Intention-to-treat analysis was performed. Dropouts were described.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk A prelaunch randomization protocol was not described.

porting bias)

Other bias Unclear risk Funding and potential conflicts of interest were not described.
Santini 2012

Methods Parallel-group randomized controlled trial conducted from November 2008 to April 2011 in Italy

Participants

64 participants > 18 years of age undergoing elective, first-time, isolated, low-risk (logistic EuroSCORE
(European System for Cardiac Operative Risk Evaluation) 5%), 3-vessel CABG

Interventions

Pulsatile continuous pulmonary artery perfusion with oxygenated blood during CPB vs no perfusion

during CPB

Outcomes Bronchoalveolar lavage fluid cellular count and cytokines, serum cytokines, A-aDO,, mortality, SAEs

Notes Data for the PaO,/FiO, ratio (measured before surgery, 3 hours after surgery, and at extubation) and
intubation time were drawn from the 2011 publication (Santini 2011), as they were not reported in the
2012 publication (Santini 2012). Santini 2011 was conducted from November 2008 to November 2011 in
Italy. Funding and potential conflicts of interest were not described.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Prospectively randomized by lottery, with drawing of pre-prepared sealed en-

tion (selection bias) velopes containing group assignment at hospital admission

Allocation concealment Unclear risk Allocation concealment was not described.

(selection bias)

Blinding of participants Unclear risk Blinding of participants or personnel was not described.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessment was not described.

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Postrandomization dropouts were described, but intention-to-treat analysis or

(attrition bias) per-protocol analysis was not described.

All outcomes

Selective reporting (re- Unclear risk A pre-randomization protocol describing outcome measures was not provid-

porting bias) ed.
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Santini 2012 (continued)

Other bias Unclear risk Funding and potential conflicts of interest were not described.

A-aDoy: alveolar-arterial oxygen gradient.

AVR: aorta valve replacement.

CABG: coronary artery bypass graft.

COPD: chronic obstructive pulmonary disease.

CPB: cardiopulmonary bypass.

DKR: Danish krone.

EuroSCORE: European System for Cardiac Operative Risk Evaluation.
HTK: histidine-tryptophan-ketoglutarate.

ICU: intensive care unit.

LOS: length of stay.

Ol: oxygenation index.

Pa0,/FiO,: ratio of partial pressure of alveolar oxygen to fraction of inspired oxygen.
SAE: serious adverse event.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

De Santo 2003a CCTin adults

De Santo 2003b CCTin adults

Li 2010 RCT including infants with congenital heart disease

Sievers 2002 CCTin adults

Suzuki 1997 CCT including infants with ventricular septal defect

Suzuki 2000 RCT including children with congenital heart defects and pulmonary hypertension

Suzuki 2001 RCT including children with congenital heart defects

Wei 2004 RCT including children with congestive heart failure

Yi 2006 RCT in adults comparing pulmonary artery perfusion with blood vs pulmonary artery perfusion

with blood with a Chinese medicine named Shenqi Fuzheng added. No control group without pul-
monary artery perfusion

CCT: controlled clinical trial.
RCT: randomized controlled trial.

Characteristics of studies awaiting assessment [ordered by study ID]

Pichugin 2016

Methods Parallel-group randomized controlled trial
Participants 70 participants > 18 years of age with pulmonary hypertension undergoing valve surgery with CPB
Interventions Pulmonary artery perfusion with oxygenated or non-oxygenated blood and reduced volumes of

lung ventilation during CPB compared with no perfusion and no ventilation during CPB

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 31
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Pichugin 2016 (continued)

Outcomes Alveolar-arterial oxygen difference, oxygenation index, PaCO,, F-shunt parameter, lung compli-
ance during operation

Notes Epub abstract with preliminary results available ahead of the full article

CPB: cardiopulmonary bypass.
PaCO,: partial pressure of carbon dioxide in arterial blood.

DATA AND ANALYSES

Comparison 1. Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary bypass

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 All-cause mortality (at maximum 4 210 Peto Odds Ratio (Peto, Fixed, 1.78[0.43, 7.40]

follow-up) 95% Cl)

1.1 Low risk of bias 1 60 Peto Odds Ratio (Peto, Fixed, 1.65[0.27,10.15]
95% Cl)

1.2 High or uncertain risk of bias 3 150 Peto Odds Ratio (Peto, Fixed, 2.00[0.20, 20.03]
95% Cl)

2 Participants with 1 or more SAEs 3 180 Risk Ratio (M-H, Random, 95%  1.12 [0.66, 1.89]

(at maximum follow-up) cl)

2.1 Low risk of bias 1 60 Risk Ratio (M-H, Random, 95%  0.95[0.74, 1.20]
cl

2.2 High or uncertain risk of bias 2 120 Risk Ratio (M-H, Random, 95%  1.56 [0.84, 2.93]
Cl)

3 Participants with 1 or more SAEs 3 180 Risk Ratio (M-H, Random, 95%  1.12[0.66, 1.89]

stratified according to preoperative Cl)

lung function

3.1 Patients with normal lung func- 1 64 Risk Ratio (M-H, Random, 95%  0.33[0.01, 7.89]

tion Cl)

3.2 Patients with COPD 2 116 Risk Ratio (M-H, Random, 95%  1.18 [0.63,2.23]
cl

4 Participants with 1 or more SAEs 3 180 Risk Ratio (M-H, Random, 95%  1.12[0.66, 1.89]

stratified according to short- or Cl)

long-term follow-up

4.1 Short-term follow-up (<30 days) 1 64 Risk Ratio (M-H, Random, 95%  0.33[0.01, 7.89]
Cl)
4.2 Long-term follow-up (230days) 2 116 Risk Ratio (M-H, Random, 95%  1.18[0.63, 2.23]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

5 Last measured PaO, /FiO, ratio 3 119 Mean Difference (IV, Random, 27.80 [5.67,49.93]

5.1 Low risk of bias 1 59 Mean Difference (IV, Random, 39.67[-16.33,
95% Cl) 95.67]

5.2 High or uncertain risk of bias 2 60 Mean Difference (IV, Random, 25.60 [1.51,49.70]
95% Cl)

6 Last measured PaO, /FiO, ratio 3 119 Mean Difference (IV, Random, 27.80[5.67,49.93]

(mmHg) stratified according to pre- 95% Cl)

operative lung function

6.1 Participants with normal lung 2 60 Mean Difference (IV, Random, 25.60[1.51,49.70]

function 95% Cl)

6.2 Participants with COPD 1 59 Mean Difference (IV, Random, 39.67[-16.33,
95% Cl) 95.67]

7 Intubation time (hours) after pri- 4 176 Mean Difference (IV, Random, -0.35[-1.12,0.42]

mary surgery 95% Cl)

7.1 Low risk of bias 1 60 Mean Difference (IV, Random, -1.0[-2.24,0.24]
95% Cl)

7.2 High or uncertain risk of bias 3 116 Mean Difference (IV, Random, -0.02 [-0.39, 0.35]
95% CI)

8 Intubation time (hours) strati- 4 176 Mean Difference (IV, Random, -0.35[-1.12, 0.42]

fied according to preoperative lung 95% Cl)

function

8.1 Participants with normal lung 2 60 Mean Difference (IV, Random, -0.61[-2.92,1.71]

function 95% Cl)

8.2 Participants with COPD 2 116 Mean Difference (IV, Random, 1.00[-2.24,0.24]

95% Cl)

Analysis 1.1. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion
during cardiopulmonary bypass, Outcome 1 All-cause mortality (at maximum follow-up).

Study or subgroup PP with blood No PP Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.1.1 Low risk of bias
Buggeskov 2016 3/29 2/31 —E— 61.69% 1.65[0.27,10.15]
Subtotal (95% CI) 29 31 —~— 61.69% 1.65[0.27,10.15]
Total events: 3 (PP with blood), 2 (No PP)
Heterogeneity: Not applicable
Test for overall effect: Z=0.54(P=0.59)

Favours PP with blood ~ 0.01 0.1 1 10 100

Favours no PP
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Study or subgroup PP with blood No PP Peto Odds Ratio Weight Peto Odds Ratio

n/N n/N Peto, Fixed, 95% CI Peto, Fixed, 95% CI
1.1.2 High or uncertain risk of bias
Kiessling 2014 2/28 1/28 — 38.31% 2[0.2,20.03]
Liu 2005 0/15 0/15 Not estimable
Santini 2012 0/32 0/32 Not estimable
Subtotal (95% Cl) 75 75 e 38.31% 2[0.2,20.03]
Total events: 2 (PP with blood), 1 (No PP)
Heterogeneity: Not applicable
Test for overall effect: Z=0.59(P=0.56)
Total (95% CI) 104 106 —l— 100% 1.78[0.43,7.4]
Total events: 5 (PP with blood), 3 (No PP)
Heterogeneity: Tau?=0; Chi*=0.02, df=1(P=0.9); I>=0%
Test for overall effect: Z=0.79(P=0.43)
Test for subgroup differences: Chi?=0.02, df=1 (P=0.9), I*=0% ‘ ‘ ‘ ‘

Favours PP with blood ~ 0-01 0.1 1 10 100 Favours no PP

Analysis 1.2. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion during
cardiopulmonary bypass, Outcome 2 Participants with 1 or more SAEs (at maximum follow-up).

Study or subgroup PP with blood No PP Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Low risk of bias ‘
Buggeskov 2016 23/29 26/31 - 62.55% 0.95[0.74,1.2]
Subtotal (95% CI) 29 31 ¢ 62.55% 0.95[0.74,1.2]
Total events: 23 (PP with blood), 26 (No PP)
Heterogeneity: Not applicable
Test for overall effect: Z=0.45(P=0.65)
1.2.2 High or uncertain risk of bias
Kiessling 2014 15/28 9/28 —— 34.8% 1.67[0.88,3.16]
Santini 2012 0/32 1/32 2.64% 0.33[0.01,7.89]
Subtotal (95% CI) 60 60 . 4 37.45% 1.56[0.84,2.93]
Total events: 15 (PP with blood), 10 (No PP)
Heterogeneity: Tau?=0; Chi*=0.99, df=1(P=0.32); 1>=0%
Test for overall effect: Z=1.4(P=0.16)
Total (95% CI) 89 91 L 2 100% 1.12[0.66,1.89]
Total events: 38 (PP with blood), 36 (No PP)
Heterogeneity: Tau?=0.1; Chi*=3.7, df=2(P=0.16); 1=45.92%
Test for overall effect: Z=0.43(P=0.67)
Test for subgroup differences: Chi?=2.16, df=1 (P=0.14), 1>=53.72%

Favours PP with blood ~ 001 0.1 1 10 100 Favours No PP
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Analysis 1.3. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary
bypass, Outcome 3 Participants with 1 or more SAEs stratified according to preoperative lung function.

Study or subgroup PP with blood No PP Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
1.3.1 Patients with normal lung function
Santini 2012 0/32 1/32 t 2.64% 0.33[0.01,7.89]
Subtotal (95% Cl) 32 32 ——ee— 2.64% 0.33[0.01,7.89]

Total events: 0 (PP with blood), 1 (No PP)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)

1.3.2 Patients with COPD

Buggeskov 2016 23/29 26/31 [ ] 62.55% 0.95[0.74,1.2]
Kiessling 2014 15/28 9/28 %F 34.8% 1.67[0.88,3.16]
Subtotal (95% Cl) 57 59 ‘ 97.36% 1.18[0.63,2.23]
Total events: 38 (PP with blood), 35 (No PP)
Heterogeneity: Tau?=0.16; Chi*=3.59, df=1(P=0.06); 1>=72.16%
Test for overall effect: Z=0.52(P=0.6)
Total (95% CI) 89 91 S 4 100% 1.12[0.66,1.89]
Total events: 38 (PP with blood), 36 (No PP)
Heterogeneity: Tau?=0.1; Chi*=3.7, df=2(P=0.16); 1>=45.92%
Test for overall effect: Z=0.43(P=0.67)
Test for subgroup differences: Chi*=0.59, df=1 (P=0.44), 1>=0% ‘ ‘ ‘ ‘

Favours PP with blood ~ 0-01 0.1 1 10 100 Favours No PP

Analysis 1.4. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary
bypass, Outcome 4 Participants with 1 or more SAEs stratified according to short- or long-term follow-up.

Study or subgroup PP with blood No PP Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1 Short-term follow-up (< 30 days)
Santini 2012 0/32 1/32 + 2.64% 0.33[0.01,7.89]
Subtotal (95% Cl) 32 32 e — 2.64% 0.33[0.01,7.89]

Total events: 0 (PP with blood), 1 (No PP)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)

1.4.2 Long-term follow-up (= 30 days)

Buggeskov 2016 23/29 26/31 - 62.55% 0.95[0.74,1.2]
Kiessling 2014 15/28 9/28 {—'— 34.8% 1.67[0.88,3.16]
Subtotal (95% CI) 57 59 > 97.36% 1.18[0.63,2.23]
Total events: 38 (PP with blood), 35 (No PP)
Heterogeneity: Tau?=0.16; Chi?=3.59, df=1(P=0.06); 1>=72.16%
Test for overall effect: Z=0.52(P=0.6)
Total (95% CI) 89 91 <o 100% 1.12[0.66,1.89]
Total events: 38 (PP with blood), 36 (No PP)
Heterogeneity: Tau?=0.1; Chi?=3.7, df=2(P=0.16); 1?=45.92%
Test for overall effect: Z=0.43(P=0.67)
Test for subgroup differences: Chi*=0.59, df=1 (P=0.44), 1>=0%
Favours PP with blood  0-01 0.1 1 10 100 Favours No PP
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Analysis 1.5. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion
during cardiopulmonary bypass, Outcome 5 Last measured PaO, [FiO; ratio (mmHg).

Study or subgroup PP with blood No PP Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.5.1 Low risk of bias
Buggeskov 2016 28 331(117.3) 31 291.4 + 15.62% 39.67(-16.33,95.67]
(100.3)
Subtotal *** 28 31 ———  15.62% 39.67[-16.33,95.67]

Heterogeneity: Not applicable
Test for overall effect: Z=1.39(P=0.16)

1.5.2 High or uncertain risk of bias

Liu 2005 15 347 (38) 15 315 (41) —— 61.21% 32[3.71,60.29]
Santini 2012 15 308.1(63.3) 15 299.4(65.2) — 23.16% 8.7[-37.29,54.69]
Subtotal *** 30 30 - 84.38% 25.6[1.51,49.7]

Heterogeneity: Tau?=0; Chi*=0.72, df=1(P=0.4); 1>=0%
Test for overall effect: Z=2.08(P=0.04)

Total *** 58 61 - 100% 27.8[5.67,49.93]
Heterogeneity: Tau?=0; Chi*=0.92, df=2(P=0.63); I*=0%

Test for overall effect: Z=2.46(P=0.01)

Test for subgroup differences: Chi*=0.2, df=1 (P=0.65), 1>=0%

FavoursNo PP -100 -50 0 50 100 Favours PP with blood

Analysis 1.6. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion during cardiopulmonary
bypass, Outcome 6 Last measured PaO, [FiO; ratio (mmHg) stratified according to preoperative lung function.

Study or subgroup PP with blood No PP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.6.1 Participants with normal lung function
Liu 2005 15 347 (38) 15 315 (41) —— 61.21% 32[3.71,60.29]
Santini 2012 15 308.1(63.3) 15 299.4 (65.2) B E— 23.16% 8.7[-37.29,54.69]
Subtotal *** 30 30 -~ 84.38% 25.6[1.51,49.7]

Heterogeneity: Tau?=0; Chi*=0.72, df=1(P=0.4); I>=0%
Test for overall effect: Z=2.08(P=0.04)

1.6.2 Participants with COPD

Buggeskov 2016 28 331(117.3) 31 291.4 + 15.62% 39.67[-16.33,95.67]
(100.3)

Subtotal *** 28 31 e 15.62% 39.67[-16.33,95.67]
Heterogeneity: Not applicable
Test for overall effect: Z=1.39(P=0.16)

Total *** 58 61 - 100% 27.8[5.67,49.93]
Heterogeneity: Tau?=0; Chi*=0.92, df=2(P=0.63); I*=0%

Test for overall effect: Z=2.46(P=0.01)

Test for subgroup differences: Chi*=0.2, df=1 (P=0.65), 1>=0%

FavoursNo PP -100 -50 0 50 100 Favours PP with blood
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Analysis 1.7. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion
during cardiopulmonary bypass, Outcome 7 Intubation time (hours) after primary surgery.

Study or subgroup PP with blood No PP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
1.7.1 Low risk of bias
Buggeskov 2016 29 5(1.9) 31 6(3) L 26.33% -1[-2.24,0.24]
Subtotal *** 29 31 26.33% -1[-2.24,0.24]
Heterogeneity: Not applicable
Test for overall effect: Z=1.58(P=0.11)
1.7.2 High or uncertain risk of bias
Kiessling 2014 28 12(518.5) 28 11(4926) 4 ) 0% 1[-263.91,265.91]
Liu 2005 15 13.3 (6.6) 15 16.2 (5.5) -+ 3% -2.9[-7.25,1.45]
Santini 2012 15 8(0.7) 15 8(0) . 70.68% 0[-0.37,0.37]
Subtotal *** 58 58 73.67% -0.02[-0.39,0.35]
Heterogeneity: Tau?=0; Chi*=1.7, df=2(P=0.43); I>=0%
Test for overall effect: Z=0.11(P=0.91)
Total *** 87 89 100% -0.35[-1.12,0.42]
Heterogeneity: Tau?=0.18; Chi*=3.89, df=3(P=0.27); 1>=22.85%
Test for overall effect: Z=0.9(P=0.37)
Test for subgroup differences: Chi*=2.19, df=1 (P=0.14), 1’=54.38% ‘ ‘ ‘ ‘

Favours PP with blood ~ -100 -50 0 50 100 Favours No PP

Analysis 1.8. Comparison 1 Pulmonary artery perfusion with blood versus no perfusion during
cardiopulmonary bypass, Outcome 8 Intubation time (hours) stratified according to preoperative lung function.

Study or subgroup PP with blood No PP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
1.8.1 Participants with normal lung function
Liu 2005 15 13.3(6.6) 15 16.2 (5.5) -+ 3% -2.9[-7.25,1.45]
Santini 2012 15 8(0.7) 15 8(0) . 70.68% 0[-0.37,0.37]
Subtotal *** 30 30 { 73.67% -0.61[-2.92,1.71]

Heterogeneity: Tau?=1.73; Chi?>=1.7, df=1(P=0.19); 1*=41.06%
Test for overall effect: Z=0.51(P=0.61)

1.8.2 Participants with COPD

Buggeskov 2016 29 5(1.9) 31 6(3) L 26.33% -1[-2.24,0.24]
Kiessling 2014 28 12 (518.5) 28 11 (492.6) 4 ; 0% 1[-263.91,265.91]
Subtotal *** 57 59 26.33% -1[-2.24,0.24]

Heterogeneity: Tau?=0; Chi?=0, df=1(P=0.99); 1>=0%
Test for overall effect: Z=1.58(P=0.11)

Total *** 87 89 100% -0.35[-1.12,0.42]
Heterogeneity: Tau?=0.18; Chi®=3.89, df=3(P=0.27); 1>=22.85%
Test for overall effect: Z=0.9(P=0.37)

Test for subgroup differences: Chi*=0.09, df=1 (P=0.77), 1>=0%

Favours PP with blood ~ -100 -50 0 50 100 Favours No PP
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Comparison 2. Pulmonary artery perfusion with a preservation solution versus no perfusion during
cardiopulmonary bypass

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 All-cause mortality (at maxi- 1 60 Risk Ratio (M-H, Random, 95% 1.60[0.29, 8.92]

mum follow-up) Cl)

1.1 Low risk of bias 1 60 Risk Ratio (M-H, Random, 95% 1.60[0.29, 8.92]
cl

2 Participants with 1 or more 1 60 Risk Ratio (M-H, Random, 95% 1.07[0.88, 1.30]

SAEs (at maximum follow-up) Cl)

2.1 Low risk of bias 1 60 Risk Ratio (M-H, Random, 95% 1.07[0.88, 1.30]
Cl)

3 Last measured Pa0O,/FiO, ratio 1 60 Mean Difference (IV, Random, -25.34 [-69.16,

3.1 Low risk of bias 1 60 Mean Difference (IV, Random, -25.34 [-69.16,
95% Cl) 18.48]

4 Intubation time (hours) after 1 60 Mean Difference (IV, Random, -2.0[-3.50, -0.50]

primary surgery 95% Cl)

4.1 Low risk of bias 1 60 Mean Difference (IV, Random, -2.0[-3.50, -0.50]
95% Cl)

Analysis 2.1. Comparison 2 Pulmonary artery perfusion with a preservation solution versus no
perfusion during cardiopulmonary bypass, Outcome 1 All-cause mortality (at maximum follow-up).

Study or subgroup PP with No PP Risk Ratio Weight Risk Ratio
solution
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

2.1.1 Low risk of bias ‘

Buggeskov 2016 3/29 2/31 - B 100% 16[0.29,8.92]
Subtotal (95% Cl) 29 31 i 100% 1.6[0.29,8.92]
Total events: 3 (PP with solution), 2 (No PP)
Heterogeneity: Not applicable

Test for overall effect: Z=0.54(P=0.59)

Total (95% Cl) 29 31 el 100% 1.6[0.29,8.92]
Total events: 3 (PP with solution), 2 (No PP)
Heterogeneity: Not applicable

Test for overall effect: Z=0.54(P=0.59)

Favours PP with solution ~ 0:01 0.1 1 10 100 Favours No PP
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Analysis 2.2. Comparison 2 Pulmonary artery perfusion with a preservation solution versus no perfusion
during cardiopulmonary bypass, Outcome 2 Participants with 1 or more SAEs (at maximum follow-up).

Study or subgroup PP with No PP Risk Ratio Weight Risk Ratio
solution
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

2.2.1 Low risk of bias ‘
Buggeskov 2016 26/29 26/31 . 100% 1.07[0.88,1.3]
Subtotal (95% Cl) 29 31 # 100% 1.07[0.88,1.3]
Total events: 26 (PP with solution), 26 (No PP) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.66(P=0.51) ‘

|
Total (95% CI) 29 31 # 100% 1.07[0.88,1.3]
Total events: 26 (PP with solution), 26 (No PP) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.66(P=0.51) ‘ ‘ ‘ ‘ ‘

Favours PP with solution ~ 0.01 0.1 1 10 100 Favours No PP

Analysis 2.3. Comparison 2 Pulmonary artery perfusion with a preservation solution versus no
perfusion during cardiopulmonary bypass, Outcome 3 Last measured PaO,/FiO, ratio (mmHg).

Study or subgroup PP with solution No PP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
2.3.1 Low risk of bias
Buggeskov 2016 29 266(713) 31 2914 e 100% -25.34[-69.16,18.48]

(100.3)
Subtotal *** 29 31 —— 100% -25.34[-69.16,18.48]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=1.13(P=0.26) ‘
|

Total *** 29 31 —— 100% -25.34[-69.16,18.48]

Heterogeneity: Not applicable
Test for overall effect: Z=1.13(P=0.26)

FavoursNo PP -100

100 Favours PP with solution

Analysis 2.4. Comparison 2 Pulmonary artery perfusion with a preservation solution versus no
perfusion during cardiopulmonary bypass, Outcome 4 Intubation time (hours) after primary surgery.

Study or subgroup PP with solution No PP Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl| Random, 95% Cl
2.4.1 Low risk of bias ‘
Buggeskov 2016 29 4(3) 31 6(3) . 100% -2[-3.5,-0.5]
Subtotal *** 29 31 [ 100% -2[-3.5,-0.5]
Heterogeneity: Not applicable
Test for overall effect: Z=2.62(P=0.01)
Total *** 29 31 [ 100% -2[-3.5,-0.5]
Heterogeneity: Not applicable
Test for overall effect: Z=2.62(P=0.01)

Favours PP with solution ~ -100

-50

50 100

Favours No PP
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APPENDICES

Appendix 1. Search strategies for identification of studies

Database

Period of search

Search strategy

Cochrane Central Regis-
ter of Controlled Trials

(CENTRAL)

Latest issue

#1 MeSH descriptor Thoracic Surgery explode all trees
#2 MeSH descriptor Extracorporeal Circulation explode all trees
#3 MeSH descriptor Heart-Lung Machine explode all trees

#4 ((cardiac OR ' heart') AND surgery) OR 'cardiopulmonary bypass' OR CPB OR
(extra corporeal near circulation) OR ECC OR ((heart or lung) near machine)

#5 MeSH descriptor Perfusion explode all trees

#6 MeSH descriptor Pulmonary Circulation explode all trees

#7 (pulmonary OR lung) AND (perfusion OR flow OR oxygenation)

#8 (cannulation near pulmonary artery) OR pulmoplegia

#9 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8)

#10 'blood' OR custodiol OR histidine-tryptophan-ketoglutarate OR HTK

#11 (#9 AND #10)

MEDLINE (OvidSP)

From 1946

1. exp Thoracic Surgery/
2. exp Extracorporeal Circulation/
3. exp Heart-Lung Machine/

4. (((cardiac or ' heart') and surgery) or 'cardiopulmonary bypass' or CPB or
extra corporeal adj3 circulation) or ECC or ((heart or lung) adj3 machine)).mp.

5. exp Perfusion/

6. exp Pulmonary Circulation/

7. ((pulmonary or lung) and (perfusion or flow or oxygenation)).mp.

8. ((cannulation adj3 pulmonary artery) or pulmoplegia).mp.
9.1or2or3or4or5o0r6or7or8

10. ('blood' or custodiol or histidine-tryptophan-ketoglutarate or HTK).mp.
11.9and 10

12. (random* or blind* or placebo* or meta-analys*).mp.

13.11and 12

Embase (OvidSP)

From 1974

1. exp thorax surgery/
2. exp extracorporeal circulation/

3. exp heart lung machine/

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 40
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(Continued)

4. (((cardiac or ' heart') and surgery) or 'cardiopulmonary bypass' or CPB or
(extra corporeal adj3 circulation) or ECC or ((heart or lung) adj3 machine)).mp.
5. exp perfusion/
6. exp lung circulation/
7. ((pulmonary or lung) and (perfusion or flow or oxygenation)).mp.
8. ((cannulation adj3 pulmonary artery) or pulmoplegia).mp.
9.1or2or3or4or5o0r6or7or8
10. ('blood' or custodiol or histidine-tryptophan-ketoglutarate or HTK).mp.
11.9and 10
12. (random* or blind* or placebo* or meta-analys*).mp.
13.11and 12

Science Citation Index From 1900 #1 TS=(((cardiac or ' heart') and surgery) or 'cardiopulmonary bypass' or CPB

Expanded or 'extra corporeal circulation' or ECC or 'heart lung machine')
#2 TS=((pulmonary or lung) and (perfusion or flow or oxygenation))
# 3 TS=((cannulation SAME pulmonary artery) or pulmoplegia)
#4#3OR#2OR#1
#5 TS=('blood' or custodiol or histidine-tryptophan-ketoglutarate or HTK)
#6 #5AND #4
#7 TS=(random* or blind* or placebo* or meta-analys*)
# 8 #7 AND #6

WHO ICTRP From 2005 #1 MeSH descriptor Thoracic Surgery

#2 MeSH descriptor Extracorporeal Circulation
#3 MeSH descriptor Heart-Lung Machine

#4 ((cardiac OR ' heart') AND surgery) OR 'cardiopulmonary bypass' OR CPB OR
(extra corporeal near circulation) OR ECC OR ((heart or lung) near machine)

#5 MeSH descriptor Perfusion

#6 MeSH descriptor Pulmonary Circulation

#7 (pulmonary OR lung) AND (perfusion OR flow OR oxygenation)

#8 (cannulation near pulmonary artery) OR pulmoplegia

#9 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8)

#10 'blood' OR custodiol OR histidine-tryptophan-ketoglutarate OR HTK

#11 (#9 AND #10)

Appendix 2. Data extraction form
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TRIAL IDENTIFICATION

Review YES

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for
cardiac surgical

Title

Authors

Country

Language

Publication type Lead trial YES Secondary publication to: TRIAL NAME:

NO

TRIAL

Clinical trial Yes No

Randomized Yes No

TRIAL INFORMATION

Date published

Time frame of trial period and duration of follow-up period

Funding
Inclusion and exclusion criteria Inclusion criteria: Exclusion criteria:
Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 42
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Whether a calculation of sample size has been published YES NO
Number of research participants

Number of included research participants

Whether a protocol has been published before launch of YES NO

randomization

Is the trial registered at http://www.clinicaltrials.gov/? YES NO

METHODS

Generation of Adequate Uncertain Inadequate

allocation se-
quence

(If randomizing is performed by com-
puter or a “random number table”. If
the randomizing is a random process,
e.g. “heads or tails” or a throw of a
dice; and the person performing the
procedure in no other way is involved
in the trial)

(If the procedure in respect of ran-
domizing is not sufficiently de-
scribed)

(If the trial uses, e.g. date of
admission or alternation for al-
locating the participants. Such
trials will be included only in
the assessment of harms)

Allocation con- Adequate Uncertain Inadequate

cealment
If the allocation sequence is con- If the procedure to conceal allocation  If treatment providers/clinical
cealed from the investigators, treat- is not sufficiently described principal investigators/study
ment providers, and participants, for participants are able to predict
example, by central randomization. the allocation sequence. Such
And this procedure is described and trials will be included only in
documented the assessment of harms

Intention-to- Adequate Uncertain Inadequate

treat analysis

Blinding Adequate Uncertain Inadequate
If the personnel who instruct or sup- If the procedure of blinding is insuffi-  If blinding is not performed
ply or assess the observer-dependent  ciently described or if the procedure cannot be
questionnaire are blinded and this is classified as ‘adequate’ or ‘un-
described. Thus, personnel perform- certain’
ing these procedures must not be
otherwise involved in the trial

Dropouts Adequate Uncertain Inadequate
If dropouts following randomizing If dropouts are not stated, or if the If the pattern of dropouts can
can be described as being the same reasons why participants dropped be described as different in the
in the two intervention groups out are unclear 2 intervention groups

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review) 43
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Reporting of
outcome mea-
sures

Adequate

If all outcome measures are stated in
the results. And the hierarchy of the
efficacy variables are documented in
a protocol before launch of random-
ization

Uncertain

If the method of choosing outcome
measures is inadequately described

Inadequate

Ifincongruence is evident be-
tween the original protocol
and the outcome measures
used in the results, or if not all
of the outcome measures are
stated

Economic bias

Adequate

If the trial is not financed by an au-
thority that might have an interest in
a given result

Uncertain

If no description is provided of how

the trial is financed

Inadequate

If the trialis financed by an au-
thority that could have an in-
terest in a specific result from
the trial

Academic bias
sources

Adequate

If trialists do not have an academ-
ic/personal interest in a given result
from the trial

Uncertain

If no description is provided of any

academic interests that trialists
might have

Inadequate

If trialists have a direct interest
in a given result from the trial

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Overall bias as- LOW HIGH
sessment
(adequate everything)

PARTICIPANTS:

18 years or older Yes No

Under 18 years Yes No

Equal distribution of age Yes No

Equal distribution of gender Yes No

Heart surgery with CPB Yes No

Elective surgery Yes No

Urgent, emergency or salvage surgery Yes No

Aortic valve replacement Yes No

Mitral valve replacement Yes No

Coronary artery bypass surgery Yes No

Double procedure Yes No

Surgery for congenital heart defects Yes No
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Pulmonary hypertension (PAMP > 25 mmHg) Yes No
Reduced lung function (FEV; <80 PP) Yes No
Preoperative normal renal function (P-creatinine from 50-90 umol/L) Yes No
IDDM Yes No
Recent MI (within 3 months before surgery) Yes No

LV function good (LVEF > 50%) Yes No

LV function moderate (LVEF 31%-50%) Yes No

LV function poor (LVEF 21%-30%) Yes No

LV function very poor (LVEF < 20%) Yes No
INTERVENTIONS AND SURGICAL DETAILS:

Assess whether the trial intervention should

be classified as ‘adequately defined’

Pulmonary artery perfusion during CPB Yes No
Pulmonary artery perfusion during aortic cross-clamp Yes No
Hypothermic CPB Yes No
Normothermic CPB Yes No
Single-shot pulmonary artery perfusion with oxygenated blood Yes No
Continuous pulmonary artery perfusion with oxygenated blood Yes No
Single-shot pulmonary artery perfusion with deoxygenated blood Yes No
Continuous pulmonary artery perfusion with deoxygenated blood Yes No
Single-shot pulmonary artery perfusion with a solution used for perfusion and flushing ~ Yes No
of organs

Continuous pulmonary artery perfusion with a solution used for perfusion and flushing  Yes No

of organs

Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery in adults (Review)
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CO-INTERVENTIONS Yes No

Ventilation of the lungs during CPB Yes No

Add-on therapy to any kind of therapy described and

delivered similarly to different intervention groups
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OUTCOMES FOR INTERVENTIONS AND CONTROL GROUPS

Primary outcome specified inthe  Pulmonary artery perfusion Pulmoplegia Control
trial
Primary outcome measures for intervention and control groups
(all responses will be calculated based on total numbers of randomized participants)
All-cause mortality (at maximum follow-up). Pulmonary artery perfusion Pulmoplegia Control
(# of people) (# of people) (# of people)
Pulmonary events (e.g. numbers of participants  (# of people) (# of people) (# of people)
with reduced postoperative oxygenation values
(specified as reduction in Ol or increase in PaO,/
FiO; ratio), prolonged mechanical ventilation (>3
hours), pneumonia, ARDS)
Secondary outcomes
(all responses will be calculated based on total numbers of randomized participants)
Adverse events. Serious adverse Pulmonary artery perfusion Pulmoplegia Control
events are defined as medical
events that are life-threatening; re-
sult in death, disability, or signifi-
cant loss of function; or cause hos-
pital admission or prolonged hos- (# of people) (# of people) (# of people)

pitalization or a hereditary anom-
aly or foetal injury. All other ad-
verse events (i.e. events that have
not necessarily had a causal rela-
tionship with the treatment, but
that resulted in change in or cessa-
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(Continued)
tion of treatment) will be consid-
ered non-serious events.

Pa02/Fi02ratio (PaOz/Fi02= PaOZI
Fi02)

or

Ol index ( F;0, praw/Paoz)

(MEAN and # of peo-
ple)

(MEAN and # of people)

(MEAN and # of people)

(SD) (SD) (SD)
Intubation time (hours)
(MEAN and # of peo- (MEAN and # of people) (MEAN and # of people)
ple)
(SD) (SD) (SD)
Time at the ICU (hours)
(MEAN and # of peo- (MEAN and # of people) (MEAN and # of people)
ple)
(SD) (SD) (SD)

Reintubation

(# of people)

(# of people)

(# of people)

Readmission to the ICU

0
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(Continued)

(# of people) (# of people) (# of people)
Number of cases of pneumonia
(# of people) (# of people) (# of people)
Effect of the intervention on
markers of inflammation in plas-
ma (write which inflammatory
markers were measured)
(MEAN for each inflam-  SD (for (MEAN for each inflammatory SD (for (MEAN for each inflammatory SD (for
matory marker) eachin- marker) eachin- marker) eachin-
flam- flam- flam-
matory matory matory
marker) marker) marker)
Effect of the intervention on
markers of inflammation in bron-
choalveolar lavage fluid (write
which inflammatory markers
were measured)
(MEAN for each inflam-  SD (for (MEAN for each inflammatory SD (for (MEAN for each inflammatory SD (for
matory marker) eachin- marker) eachin- marker) eachin-
flam- flam- flam-
matory matory matory
marker) marker) marker)

Days alive outside hospital with-
in 90 days
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SD
SD

(MEAN and # of people)
(MEAN and # of people)

SD
SD

(MEAN and # of people)
(MEAN and # of people)

SD
SD

(MEAN and # of peo-

(MEAN and # of peo-
ple)

ple)

or dyspnoea treated by the pa-

Number of readmissions with
a ventilation-related problem
tient’s general practitioner

(Continued)
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Appendix 3. Serious adverse events

SAEs for PP with blood SAEs for no PP
Santini et al (2012) 1 Reoperation
Kiessling et al 2 Deaths 1 Death

3 Tracheotomies
3 Reoperations
2 Strokes

7 Respiratory failures

3 Reoperations
1 Stroke

5 Respiratory failures

Buggeskov et al

3 Deaths

5 Pneumothoraces requiring drain

1 Pleural effusions requiring drainage
2 Major bleedings

3 Reoperations

9 Severe infections

1 Acute myocardial infarctions

2 Cases of cardiac arrest

4 Maligned arrhythmias

3 Cases requiring dialysis

2 Deaths

7 Pneumothoraces requiring drain

7 Pleural effusion requiring drainage
2 Reoperations

10 Severe infections

1 Stroke

1 Acute myocardial infarction

1 Cardiac arrest

3 Maligned arrhythmias
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Entering data into Review Manager (RevMan 5.3): KBB.

Analysing RevMan statistical data: KBB, JW.

Performing other statistical analysis not using RevMan: KBB, JW.

Interpreting data: KBB, JW.

Making statistical inferences: KBB, JW.

Performing GRADE assessment: KBB, JW.

Writing the review: KBB, JW.
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Protection Trial as a part of Dr. Buggeskov's PhD programme. The Lundbeck Foundation does not produce or distribute Custodiol HTK
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design, analysis, or reporting of trial results.
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of the application for the title of the review in March 2013 (Buggeskov 2014). The Cochrane review was first written in 2016 (four years after
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maternity leave in 2015. For further information, see the Characteristics of included studies table.
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Mao Ling Wei: none declared.

Jorn Wetterslev (JW) participated in The Pulmonary Protection Trial and co-authored Buggeskov 2013 and Buggeskov 2016. Therefore Lars
Grenlykke and Emilie C. Risom extracted data from this trial to avoid bias. JW is a member of the task force at the Copenhagen Trial Unit
commissioned to develop theory and software for Trial Sequential Analysis, available as freeware at http://www.ctu.dk/tsa/.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We made the following changes to the published protocol(Buggeskov 2014).

« We changed the title from "Pulmonary perfusion versus no pulmonary perfusion during cardiopulmonary bypass for heart surgery" to
the more explanatory title "Pulmonary artery perfusion versus no perfusion during cardiopulmonary bypass for open heart surgery".

« Three trials performed continuous pulmonary artery perfusion during CPB (Buggeskov 2016; Liu 2005; Santini 2012), and one trial
performed repetitive pulmonary artery perfusion every 20 minutes during CPB (Kiessling 2014). Owing to insufficient data, we did not
perform the subgroup analysis "single shot versus continuous pulmonary artery perfusion".

«  We assigned overall low risk of bias to RCTs with low risk of bias in all domains, except for blinding of personnel in the operating room,
owing to the inherent problem with blinding of a surgical intervention. Therefore results should still be interpreted in the light of risk
of bias.
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Our primary plan was to report results from trials with overall low risk of bias in the review text and in the 'Summary of findings' table
(Summary of findings for the main comparison). Owing to sparse data, we have reported results from all trials in this version of the
review, but in future updates with more RCTs, we will prioritize results from analyses of trials with overall low risk of bias.

We did not include the subgroup analysis of "All-cause mortality" according to lung function and follow-up period in this version of the
review, given the small number of included studies and lack of statistical heterogeneity.

For the secondary primary outcome "pulmonary events", only one trial reported pneumonia (Buggeskov 2016), and no trials reported
ARDS. For this version of the review, we report oxygenation values (the PaO,/FiO, ratio) and intubation time only as continuous
outcomes, not as patient-specific pulmonary events, because data show only mean differences. Therefore, we could not calculate the
secondary primary outcome "pulmonary events", and we made a pragmatic decision to add PaO,/FiO, ratio and intubation time as two
new secondary explorative outcomes for this version of the review.

For future versions of the review, we will if possible change the interval for "prolonged mechanical ventilation" from > three hours to
> 12 hours, as it correlates better in severity with other pulmonary events such as pneumonia and ARDS. The same applies for Ol as a
dichotomous outcome, which in future versions of the review we will define as a pulmonary event when AOI is 20% higher 24 hours
after surgery compared with baseline Ol.

Regarding the secondary outcome "Number of patients with one or more SAEs", the ICH describes an SAE as that which results in death;
is life threatening; requires hospitalization or prolongation of existing hospitalization; or leads to persistent or significant disability or
incapacity; or any medical event that may jeopardize the patient or require an intervention to prevent it (ICH-GCP 1997). As we already
report mortality in the primary outcome, the secondary outcome "Number of patients with one or more SAEs" does not include death,
although this differs from the ICH definition.

Regarding the secondary outcome "Increases in inflammatory markers in the plasma or bronchoalveolar lavage fluid", only one trial
reported on inflammatory markers in bronchoalveolar lavage fluid (Santini 2012). We will refer to these markers under the section
"Effects of interventions" but will not include them in the statistical analysis. For inflammatory markers, Kiessling 2014 and Santini
2012 reported plasma interleukin-1 and tumour necrosis factor alpha as the only identical inflammatory markers but measured these
at different time points. We will therefore refer to inflammatory markers in plasma only under the section "Effects of interventions" and
will not include these in statistical analyses.
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