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1. Introduction

Congenital heart defects (CHDs) are present in an average of
40,000 births per year in the United States, accounting for
almost 1% of total births per year (1). CHDs are responsible
for about 4.2% of all neonatal deaths, and one in four babies
with CHD are classified as having a critical CHD (1). Most
infants with critical CHDs will require surgery in their first
year of life, emphasizing the urgency and significance of
neonatal heart transplantations (1).

The invention of ABO-incompatible heart
transplantations for neonates has been monumental in the
field of cardiac surgery. Compared to any other age groups,
neonates requiring a heart transplant are at a greater risk of
waiting-list mortality for a compatible donor organ (2). In the
neonatal stage of development serum anti-A or anti-B
antibodies (i.e., isohemagglutinins) are not present in
sufficient quantities to elicit an immune response; therefore,
neonates can accept organ transplantations from donors with
an incompatible blood type from their own (3). This
discovery significantly reduced the waiting times for
neonates to receive heart transplantations via elimination of
the requirement for donor and recipient compatibility, and
decreased mortality during this sensitive time period (4).

Plasma exchange transfusion (PET) before
cardiopulmonary bypass (CPB) surgery is currently
implemented during ABO-incompatible neonatal heart
transplantations to lower circulating anti-A or anti-B
antibody levels (5). Although PET is effective in decreasing

the risk of acute organ rejection in neonatal patients, patients
were exposed to large amounts of blood products, and
immunologically incompatible blood from genetically
diverse donors (5). The addition of blood products and the
process of red blood cell (RBC) transfusions can drastically
influence clinical outcomes (6). RBC transfusions expose
patients to risks such as transfusion-related lung injury,
hemolytic transfusion reactions, and transfusion-related
circulatory overload, and have been strongly associated with
increased rates of postoperative morbidity and mortality
(6,7).

Intraoperative immunoadsorption was first reported
to effectively reduce isohemagglutinin levels in neonates
undergoing ABO-incompatible heart transplantation in 2018,
while decreasing the requirement of blood products (8). This
procedure has only been investigated by one team of
researchers at the Great Ormond Street Hospital in London,
United Kingdom. Thus, it is unclear if this has
generalizability to a larger neonatal patient population.
Furthermore, there have been no reports on the relationship
between intraoperative immunoadsorption and the risk of
postoperative mortality and morbidity in patients, or other
transfusion-related risks vs. PET.

The aim of the proposed pilot study is to evaluate
the transfusion-related risks associated with intraoperative
immunoadsorption compared to PET in neonatal patients
who undergo ABO-incompatible heart transplantation

2. Literature Review
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2.1 Clinical Relevance Neonatal heart
transplantations were invented in the 1980’s for infants with
CHD unamenable to any other corrective therapy (2).
Neonatal patients who underwent heart transplantation were
proven to have extremely successful long-term survival
outcomes in contrast to other forms of solid organ
transplantation (9). However, the limited donor pool has had
severe consequences for neonates in need of a heart
transplant. Infants who require heart transplantation
experience an average wait time of approximately 110 days
and have a waiting list mortality of 34%, the highest waiting
list mortality compared to all other age categories (2).

Sadly, the number of infants placed on the waiting
list has gradually increased each year, whereas the number of
donors has remained relatively constant (2). Indications for
neonatal heart transplants have also been restricted in efforts
to address the high demand yet low supply of neonatal
donors (2). Currently the indications for newborn heart
transplantation include severe cardiomyopathy involving
primary tumors, single ventricle physiology with decreased
ventricular function, pulmonary atresia-intact ventricular
septum with right ventricle dependent coronary circulation,
and severe Ebstein’s anomaly (2). Therefore, strategies to
increase donor availability are of the utmost importance to
ameliorate the crucial issues surrounding neonatal heart
transplantation.

2.2 Evolution of Neonatal Heart
Transplantation In 1967, Adrian Kantrowitz attempted the
first neonatal heart transplantation on a 19 day-old infant
who suffered from Ebstein’s anomaly (10). The surgery was
performed, but the patient died 6.5 hours after the procedure
due to cardiac arrest (10). In 1978 the topic of early
immunity was researched and heart transplantation in
neonates was reevaluated for treatment of hypoplastic left
heart syndrome (HLHS) (11). During this time, immature
baboons were explored as potential clinical donors (12). In
July 1984, an 11-day old baby with HLHS underwent a
cardiac allotransplantation in London, however several
postoperative complications resulted in her death 18 days
later.

Following the allotransplantation, in October 1984, an
orthotopic cardiac xenotransplantation was performed on a
12-day old human neonate with HLHS known as ‘Baby Fae’
(12). A female infant baboon was selected as the donor,
unfortunately the recipient died 20 days after the surgery
(12). After multiple attempts and challenges, the first
successful human neonatal heart transplant occurred on
November 20, 1985 and became a routine surgical technique
in the following decade (2).

2.3 Neonatal Immunity Solid organ
transplantations between incompatible blood groups were
previously futile. A retrospective observational study of 4895
heart transplants across 66 centers globally in 1990 revealed
that eight patients had received ABO-incompatible hearts.

Five of these eight transplant cases were subjected to lethal
outcomes, caused by a hyper-acute rejection instigated by
recipient isohemagglutinins (13). These proteins bind to their
corresponding carbohydrate blood group antigens on
endothelial cells of the donor organ and initiate the
complement cascade, triggering immediate thrombosis in the
graft vasculature (14). Infants and neonates were found to
have insufficient anti-A or anti-B titres until they reached 12-
14 months of age (3). Thus, it was concluded that neonatal
immune systems are incapable of eliciting a robust immune
response against carbohydrate antigens, preventing the
initiation of the complement cascade and hyper-acute
rejection against foreign tissue.

The reasons for neonatal tolerance of transplants are
still relatively unknown. It has been suggested that the
deletion of autoreactive T-cells plays a role, as well as the
presence of an immature antigen-presenting system, low
cellular chimerism, and the regulatory effects of the neonatal
immune response influenced by donor and host cell
interactions (4).

2.4 ABO-Incompatible Heart Transplantation
In 2001, ABO-incompatible heart transplants were
performed on 10 infants for the first time at the Hospital for
Sick Children in Toronto, Canada (15). This procedure was
revolutionary, due to the previous detrimental effects of
incompatible organ transplants.

Issitt et al. concluded that a PET performed before
the initiation of CPB additionally lowered the circulating
isohemagglutinin titres in infants (5). In 2012, 21 patients
from ages 3-44 months were subjected to a “3 times” PET
prior to ABO-incompatible heart transplantation (5). Packed
red blood cells (PRBCs) of the recipient blood group and
donor compatible fresh frozen plasma (FFP) were used to
exchange patient blood volume (5). To achieve a “3 times”
PET the pump prime was mixed to have an FFP: PRBC ratio
of 1:1, allowing a prime volume of 3 times the circulating
volume at a hematocrit of 30% to be administered and
exchanged with the patient’s circulating blood volume (5).
CPB using an adult reservoir, pediatric oxygenator,
ultrafiltration pump, extracorporeal circuit, and “3 times”
PET resulted in an ideal reduction in patient
isohemagglutinins, confirmed by a quick spin antibody test
(5). The “3 times” PET produced hemodynamic stability in
patients, accompanied by no signs of organ rejection (5).

Although PET is an effective technique to facilitate
ABO-incompatible heart transplants, the use of blood
products during CPB has been associated with negative
postoperative outcomes in patients (7). In a retrospective
cohort study performed in the United Kingdom, three
databases were used to analyze adult patients who underwent
cardiac surgery (7). The PATS database, blood bank database
of blood products administered, and hematology database
with blood test results were reviewed and two outcomes of
interest were evaluated (7). A composite ischemic outcome
defined as patients who experienced stroke, renal
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complications, or myocardial infarction, and composite
infection outcome such as respiratory infection, septicemia,
or wound infection were the two primary outcomes
implemented in this multivariable logistic regression model
(7). It was determined that RBC transfusion was highly
associated with composite infection and ischemic outcomes
(7). In addition, there was an association between transfusion
and increased morbidity resulting in increased admission
costs, as well as ICU and total postoperative hospital stays
(7). Furthermore, patients who received transfusions had a
hazard of death almost six times higher in the first 30 days
than patients who did not receive transfusions (7). Thus,
transfusions were found to be associated with higher risks of
morbidity and mortality in adult cardiac surgery patients.

An analysis of hemovigilance records from Quebec,
Canada in 2007, and from France, the United Kingdom, and
the United States in 2009 revealed that transfusion-related
lung injury, hemolytic transfusion reactions, and transfusion-
related circulatory overload were the three primary causes of
transfusion-related mortalities during CPB (6).

Intraoperative immunoadsorption was implemented
in the CPB circuit during neonatal heart transplantations in
2018 and effectively reduced isohemagglutinin levels in
ABO-incompatible neonates, while decreasing the
requirement of blood products (8). The modified
intraoperative immunoadsorption circuit functions to
separate plasma from the circulating volume (8). A plasma
separator (Asahi Kasei PS-03; LINC Medical Systems Ltd,
Leicester, UK) was placed in parallel to the hemofilter (HF-
06; LivaNova) combined with a positive screw locking (POS
lock)-ended wye connector to the hemofiltration line (8). A
second POS lock-ended wye connector was placed distally
from the hemofilter and plasma separator to combine the two
flows (8). From this point a wye connector was added to
direct flow to the venous reservoir and the 1/8” line to the
right atrium (8). The differences between the intraoperative
immunoadsorption and PET circuits are shown in Figure 1.
The intraoperative immunoadsorption circuit introduced the
immunoadsorption pump in addition to the ultrafiltration
pump incorporated in the PET circuit.

The first clinical case that documented the use of this
technique administered two units of PRBCs and one unit of
plasma, a total volume of 720mL to the patient (8).
Alternatively, if PET was used the patient would have
received eight units of PRBCs and ten units of plasma, a
volume equivalent to 4000mL (8).

2.5 Contribution to Knowledge Base Although
intraoperative immunoadsorption has been performed during
heart transplantation in ABO-incompatible neonates and
yielded successful results, there has been little research to
compare this technique with PET, the current standard to
reduce circulating isohemagglutinins prior to CPB. Due to
the small patient population, PET and intraoperative
immunoadsorption have been studied using retrospective or

case study models. This investigation would be the first
randomized control trial to directly compare transfusion-
associated risks, including postoperative morbidity and
mortality, as well as ischemic and infection outcomes in
neonates. Previous studies that examined the effectiveness of
PET and intraoperative immunoadsorption reported the risk
of postoperative mortality among patients, however
endpoints to assess the wide range of transfusion-associated
risks were not measured.

One key limitation to evaluating this relationship
and comparing the effectiveness of these two procedures
would be the small population size of neonates who require
heart transplants. As the donor pool is low, this would pose a
limitation as to how many patients can be included in the
sample and could affect the ability to make statistically
significant conclusions from the collected data.

This study has meaningful clinical relevance, as the
findings from this experiment could be used to support
practices and decisions that decrease the risk of mortality of
neonates waiting for a compatible donor heart prior to
transplantation. Transfusion-related risks pose a large
concern in regard to patient ischemic and infection outcomes,
as well as postoperative morbidity and mortality (6,7). By
investigating how intraoperative immunoadsorption and PET
impact variables associated with transfusions, ABO-
incompatible surgery can be improved to deliver the highest
quality of care to neonatal cardiac patients. In the future,
techniques used to optimize ABO-incompatible heart
transplantation could increase generalizability leading to
more reliable evidence-based decision making regarding the
use of incompatible donor organs in other organ transplant
surgeries.

2.6 Ethical Issues and Mitigation Strategies
Recruiting patients will be difficult not only due to the small
population of neonates who require heart transplantation, but
also because of the many challenges associated with
approaching parents at this emotionally stressful time when
their baby is ill (16). This study and the potential risk of
adverse outcomes requires informed consent to be given
quickly, as the timescale for making a decision to proceed
with a neonatal transplant is often short. The attitudes of
parents with respect to enrolling their neonate in clinical
trials is the main ethical issue that needs to be addressed
prior to carrying out this proposed RCT.

A systematic review conducted in 2015 revealed the
motivation of parents who declined or consented to their
neonate’s participation in clinical trials, raising important
ethical considerations (16). Parents consented to participation
in research because of altruistic motives that the given
clinical trial would benefit other babies, parents, or society at
large, and that their own baby would benefit themselves (16).
In contrast, parents who declined to participate in research
reported that it was inconvenient or a burden for their
neonate and conveyed their apprehension about the potential
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risks and harms that may ensue as a result of participation in
the study (17).

Feelings of dread, fear, vulnerability, and confusion
have been noted by parents who have the opportunity to
make a decision on behalf of their neonate and can influence
their willingness to consent to medical research (18). In
previous studies, parents reported feeling pressured or
coerced into participation, where some were unaware of their
right to refuse participation under the premise of voluntary
consent (19).

Clinicians have been found to respect parent
authority and are proponents of the informed consent process
(20). Clinicians who argue against obtaining informed
consent from the parents of neonates believe that ultimately
the clinician is the best decision maker for sick neonates
(21). Parents and clinicians may have conflicting opinions on
the optimal decision that benefits the neonate, which may
compromise parent authority.

In order to give valid consent, parents of neonatal
patients must be of sound mind and mentally capable of
making a decision on their infant’s behalf (16). The
competence and capacity for a parent to make this decision
may be influenced by many factors including the degree of
understanding achieved after explanation of the proposed
study, emotional state, and time available before the decision
must be confirmed (16). Studies to evaluate the emotional
state of parents who gave informed consent revealed that
parents experienced a range of emotions such as anxiety and
stress; the extent to which these emotions impaired their
ability to make an informed decision was shown to vary (19).

The understanding of parents about an intended
research study has also been reported to be variable (19).
Some parents exhibited a clear comprehension of a proposed
trial, however many parents displayed little or no
understanding of the trial (19,22). When comparing the
researcher’s particular classification of potential risks, it was
evident that some parents did not comprehend the risks
correctly (16).

Time may also heavily influence the process of
informed decision making due to the constraints it poses on
individuals to process information (16). Two observational
studies evaluated clinical trials with different timescales and
levels of risk to determine the impact of time on decision
making in parents with neonates (19,23). It was concluded
that although a majority of parents believed they had
adequate time, there was a subset of parents who felt that
they did not have ample time to make their decision (19,23).

The ethical considerations discussed that relate to
informed consent such as motivation for enrollment,
emotional state, mental capacity, and time constraints may
potentially affect the proposed RCT involving neonates
undergoing ABO-incompatible heart transplantation (16).
Clinicians involved in this RCT will provide parents of
neonatal patients with information required to make an

informed decision. Surgeons and primary investigators will
outline the details of the study verbally and provide a written
copy as a summary for prospective subjects. Mitigating these
ethical issues is crucial to maintain the four ethical tenants
autonomy, beneficence, justice, and non-maleficence that
govern experimental research and protect the patient from
harm (24).

3. Methodology

3.1 Study Design A pilot experimental
randomized control trial (RCT) will be used to compare the
effectiveness of intraoperative immunoadsorption vs PET in
neonates undergoing ABO-incompatible heart
transplantation. A pilot RCT will allow for the feasibility of
the intervention and study design to be assessed, in addition
to providing estimates of the effect sizes for sample size
calculations before a full-scale RCT is conducted (25). An
RCT will allow for direct comparison of intraoperative
immunoadsorption and PET, and aid clinicians in their goal
to achieve evidence-based practice (26). An experimental
study can be used to determine an outcome as a direct result
of'a particular exposure (26). In contrast, observational
studies provide insight as to whether or not a given exposure
is associated with a specific outcome; therefore, an RCT is
superior for this proposed investigation in order to make
inferences about cause and effect relationships (26).

In order to conduct an RCT a sample from a larger
target population is randomly assigned to different groups;
typically a standard treatment or placebo group is compared
to a new treatment group (26). The effects of each treatment
at predetermined time points are measured and classified as
endpoints (26). The design of an RCT begins with the
development of a clinically significant research question and
formation of a hypothesis (26). This research question
includes the criteria population, intervention, control, and
outcomes (PICO) (27).

Internal and external validity are two parameters
that are related to the quality of a proposed RCT (26). When
an RCT has high internal validity, conclusions and
differences observed between the two groups involved in the
study can be attributed to the intervention (26). Thus, no
other factors such as comedications, i.e. the use of multiple
medications for the same indication, age, ethnicity, etc. can
be associated with the outcome aside from the intervention
that was tested (26, 28).

Internal validity can be prone to bias and random
error (26). Bias is a form of systematic error that results in a
consistent deviation of results from the truth, where the true
distinction between the two groups is over- or
underestimated; bias can arise due to design flaws,
misreporting of the trial, or errors in the conduction of the
experiment (26). Sources of bias are commonly detected
during data collection, statistical analysis, or overall
interpretation of the data (26).
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External validity is an indicator of how well the
results of an RCT can be generalized to the larger population
and incorporated into clinical practice (29). High internal
validity is a requirement in order for a study to achieve a
high external validity (30). If the data is flawed or
misleading, it is not possible to apply findings to a greater
number of individuals (30). An RCT that is proven to have
high internal and external validity is advantageous to
determine causal relationships between an intervention and
outcome; this is a main strength of constructing and applying
a rigorous RCT design to a clinical research question of
interest (26).

With regard to bias, there are four primary sources
of bias that commonly affect RCT studies: selection bias,
attrition bias, detection bias, and performance bias (29,31).
Selection bias can be minimized with randomization, to
ensure that each participant has an equal chance of being
allocated to either group (26). Selection bias may also affect
the ability to generalize results to the larger population, if the
patients selected for the trial do not accurately resemble the
true patient population of interest (26). Attrition bias may
occur when there are methodological differences in the
number of individuals that drop out of the study from the two
assigned groups (32). Participants can choose to leave an
RCT at any time and may drop out due to withdrawal of
informed consent, violation of treatment protocol, or subjects
may cease contact with the investigators all together (26).
Detection bias can be attributed to a difference in how
outcomes are assessed in each group (26). Performance bias
is closely related to detection bias and is largely influenced
by the investigator’s individual perception about the
interventions being studied (33). Furthermore, performance
bias can be exacerbated by the exposure of factors unrelated
to the intervention that differ between the two groups (33).

The proposed pilot study to investigate the
effectiveness of intraoperative immunoadsorption vs PET in
neonates undergoing ABO-incompatible heart transplantation
in reducing transfusion-related risks has the potential to be
affected by selection bias. Selection bias is a concern to this
experiment as only one center will be used to gather
participants; however, groups of neonates will be similar in
terms of age, sex, and disease severity. Typically, these
variables can be confounders to an RCT; the purpose of an
RCT is to measure the efficacy between two interventions,
therefore when sample groups are not similar it is
challenging to determine whether the intervention was
responsible for a change in the outcome measurement or
whether the change in outcome was due to another variable
(26). When samples have similar characteristics, differences
between the two groups can be attributed to the intervention
(26).

In addition to validity, blinding is an important
consideration in the implementation of an RCT and plays a
fundamental role in mitigating potential performance bias
(26). Blinding can be single-blind where the assessor or
patient is unaware of the group assignment, double-blind in

which both the assessor and patient are unaware of the group
assignment, or triple-blind where in addition to the assessor
and patient the individual who conducts the statistical
analysis does not have any information about the group
assignment (26). In an ideal situation five predominant
groups should be blinded to the assignment of patients to
either control or treatment groups; patients, clinicians, data
analysts, data collectors, and adjudicators of outcome
measurements (34).

One main limitation of an RCT is the significance
of loss to follow-up bias (35). It has been reported that
patients lost to follow-up tend to have a different prognosis
than patients who complete the entire study (35). An
asymptomatic outcome after receiving treatment in an RCT
can motivate patients to withdraw; conversely, patients may
be lost to follow-up due to either an adverse complication or
death (35). Estimates have shown that less that 5% loss to
follow-up results in minimal bias, whereas over 20% loss to
follow-up poses a serious threat to validity (35). Ideally an
RCT would aim to recruit more participants than required to
draw statistically significant conclusions from results and
maintain a high level of internal and external validity. In the
proposed RCT involving neonates, a small population size
limits the ability to recruit more individuals to compensate
for suspected dropouts.

Thus, this proposed RCT will aid in determining if
there is a causal relationship between intraoperative
immunoadsorption and PET in reducing transfusion-related
risks to neonates undergoing ABO-incompatible heart
transplant surgery. This study will be most prone to selection
bias, as well as loss-to follow up bias, however the
advantages of this RCT design in terms of making causal
conclusions about a specific intervention and outcome
support the use of this study design as opposed to an
observational model.

3.2 Data Collection

To achieve a high external validity, specific
inclusion and exclusion criteria will be implemented in order
to generalize findings to the larger neonatal population. Two
groups of ten neonates less than or equal to 28 days old
requiring heart transplant surgery will be recruited over the
year 2022 for this proposed study and will be enlisted from
the Hospital for Sick Children in Toronto, Canada (36). The
sample size for this experiment is limited by the number of
neonates who undergo heart transplantation annually, as well
as the restrictions to the current indications for this procedure
due to the low number of neonatal donor hearts available (2).
From 2000-2001, only 19 heart transplants were performed
in children aged 0-18 years old at the Hospital for Sick
Children (37). Therefore, recruiting 20 neonates for this
experiment within one year may not be feasible given the
circumstances and nature of neonatal research. This will
influence the external validity of the proposed RCT and
possibly have implications for generalizing results to the
larger population.
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The inclusion criteria for patient recruitment will be
based on the current indications for newborn heart
transplantation; eligible neonatal patients who are able to
participate in this study may have severe cardiomyopathy
involving primary tumors, single ventricle physiology with
decreased ventricular function, pulmonary atresia-intact
ventricular septum with right ventricle dependent coronary
circulation, or severe Ebstein’s anomaly (2). Severity of
neonatal heart disease will also be considered when
recruiting patients for this study to ensure that this is not a
confounding variable that affects transfusion-related risks
observed after each intervention.

Exclusion criteria comprise patients who have
congenital heart disorders amenable to other therapeutic
interventions, such as medications or pharmaceuticals, as
well as infants who are not within the age category to be
classified as a neonate. Neonates of any blood type can be
included in this study, with consent and acknowledgement to
receive a donor heart incompatible to their own blood type.

Informed consent will be obtained from the
patients’ parents/caregivers after the primary research
investigators and surgeons provide a clear overview about
the two procedures intraoperative immunoadsorption and
PET. A written summary of the details of the study, as well
as the possible risks and unintended harm will be provided to
the parents of neonatal patients to aid them in making an
uncoerced decision to enroll in the experiment. As this RCT
poses unique challenges due to the surgical setting, patients
can withdraw prior to surgery and surgeons will use their
discretion if they believe the research is at risk of
compromising the health status of the neonate. The narrow
age range of neonates who can participate in this experiment
warrants a brief time period to obtain informed consent from
parents; parents will have 4-5 days to make their decision
when all other criteria such as availability of a donor heart,
blood products, and clinicians are accounted for.

The proposed study involving neonates undergoing
ABO-incompatible heart transplantation was designed with
the intention of minimizing systematic bias. Patients will be
randomly assigned to one of the two interventions i.e., CPB
with intraoperative immunoadsorption or CPB with PET via
a random number generator. The surgeon, perfusionist, and
anesthetist will receive an opaque envelope with the assigned
procedure on the day of the surgery, reducing any potential
for selection bias. The opaque envelope functions to blind
surgical team members from the intervention. The goal of
this study is to blind individuals from the five main groups
involved in an RCT, i.e., patients, clinicians, data analysts,
data collectors, and adjudicators of outcome measurements.
The perfusionist will set up the circuit after confirmation of
the assigned technique and ensure the amount of blood
products required for each procedure are in the operating
room upon initiation of bypass. To combat attrition bias, this
experiment will be analyzed in terms of the intention-to-treat
(ITT) method (26). This approach includes all randomized
participants in the final evaluation, irrespective of

participants who did not complete the study (26). The
perfusionist, anesthetist, and surgeon have a duty to report
any adverse effects seen patients while on bypass, primarily
observing qualitative and quantitative effects of
administering blood products to neonates. A detailed surgical
log of hemodynamic variables and patient monitoring data
will be recorded to assess the condition of the neonate in
terms of transfusion-related risks.

The proposed experiment will evaluate the
effectiveness of intraoperative immunoadsorption and PET in
decreasing transfusion-related risks during ABO-
incompatible heart transplantations during CPB. Two main
outcomes of interest will be measured. The first outcome will
be a composite infection outcome, observed as a wound
infection, respiratory infection, or septicemia. The second
outcome will be a composite ischemic outcome that will be
defined as a permanent or transient stroke, myocardial
infarction, or renal complication where creatinine is reported
to be over 200 mmol/L. Composite ischemic and infection
outcomes are two indicators that will be used to determine
how postoperative morbidity in each group differs. These
two outcomes will be confirmed by the surgeon, perfusionist,
and anesthetist, reflected by hemodynamic monitoring,
bloodwork, and symptoms for each condition.

Mortality will be assessed during three distinct time
periods: 0-30 days post-operative, 30 days to one-year post-
operative, and more than one-year post-operative. Patients
will be followed up yearly up to a maximum of seven years
after heart transplantation to reassess mortality due to any
cause.

3.3 Data analysis A multivariable logistic
regression model will be used as the primary method of data
analysis. This type of regression differs from a multiple
linear regression model because the dependent variables or
outcome variables are dichotomous, for example diseased or
not diseased (38). This model aims to illustrate the
relationship between a specific outcome and a set of
predictors (38). The independent variables in a multivariable
logistic regression model are known as covariates (38).
Predictor variables can belong to any classification of data
such as continuous, ordinal or categorical (38). An advantage
to using this type of statistical analysis is the ability to
evaluate multiple predictor variables in efforts to ascertain
which variable most accurately predicts a particular outcome
(38).

In the proposed investigation, intraoperative
immunoadsorption and PET will serve as the two covariates.
This regression model will be used to compare these two
independent variables and their relationship with multiple
outcomes of interest including composite infection outcome,
composite ischemic outcome, and mortality. Each outcome is
categorical and will be expressed as a cumulative score,
where the patient will either experience or not experience the
outcome regardless of severity (38). An infinite range of
values will not be used to evaluate the relationship between
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each technique and transfusion-related risks, therefore a
multivariable logistic regression model is advantageous in
contrast to a linear regression model which is optimal for
continuous outcome data (38).

All data analyses will be performed in STATA9.2
(Stata Corp, College Station, Tex). Confidence intervals
equal to 95% for a causal effect will be used for statistical
procedures; a 95% confidence interval provides an
estimation that the true effect of the results of an experiment
are within at least 95% of the intervals calculated when the
exposure or independent variable is randomized, and the data
is randomly sampled from a larger target population (39).
Confidence intervals represent the uncertainty of the results
being true due to random error (39).

Another parameter defined with respect to data
analysis is statistical significance. Statistical significance is a
measure used to assess the probability of the null hypothesis
being true in comparison to an appropriate level of
uncertainty associated with discerning the true answer of an
experiment (40). The significance level is designated by the
Greek letter alpha and it is equal to the probability of the
results being incorrect (40). The chosen significance level for
this RCT will be 0.05, establishing that there is a 5% level of
uncertainty that the outcome of this experiment is true (40).
A p-value known as the probability that the null hypothesis is
true given a specific set of collected data was chosen to be
0.05 (40). Thus, any analysis of the data that computes a p-
value of less than 0.05 will be deemed to be statistically
significant, where there is less than a 5% chance of the null
hypothesis being correct (40). In the current proposed RCT,
the null hypothesis would indicate that there is no difference
between the two interventions intraoperative
immunoadsorption and PET during ABO-incompatible
neonatal heart transplantation when associated with the
outcome measures of interest.

4. Conclusion

The field of neonatal cardiac surgery was
transformed by the success of ABO-incompatible heart
transplantations, however this procedure continues to expose
neonatal patients to inherent risks related to blood
transfusions. The proposed pilot study aims to evaluate the
effectiveness of the two techniques intraoperative
immunoadsorption and PET in minimizing transfusion-
associated risks due to the administration of blood products
during neonatal cardiac heart transplant surgery, with the
ultimate goal of reducing waiting list mortality of neonates
who require a heart transplant. There are main limitations
and ethical issues concerning this research trial, which
include the small population size of neonates who meet the
specific inclusion criteria required to participate in this
experiment, and anticipated challenges with obtaining
informed consent for enrollment from parents on behalf of
their neonate.

The findings from this experiment could improve
neonatal outcomes in ABO-incompatible heart
transplantations and may also pertain to the future use of
incompatible donor organs in a variety of organ transplant
surgeries. The clinical significance of this investigation is of
the utmost importance to clinicians and their decision-
making process, in efforts to deliver an exceptional standard
of care to neonatal cardiac surgery patients.
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