
Heart Surgery Forum 2024; 27(4): E397–E405
doi: 10.59958/hsf.7289

https://journal.hsforum.com/

© 2024 Forum Multimedia Publishing, LLC. E397
Publisher’s Note: Forum Multimedia Publishing stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Article

The Effect of Neurodevelopmental Disorders on the Prognosis of
Children Undergoing Heart Transplantation: A Retrospective Analysis
of the National Inpatient Sample 2011–2019
Ian Ergui1,* , Fatima Lakhani2 , Rahul Sheth2, Bertrand Ebner2 , Michael Dangl1 ,
Karla Inestroza3 , Louis Vincent2 , Rosario Colombo2,4 , George Marzouka2,5 ,
Luanda Grazette2

1Division of Internal Medicine, Department of Medicine, University of Miami Miller School of Medicine, Miami, FL 33136, USA
2Division of Cardiology, Department of Medicine, University of Miami Miller School of Medicine, Miami, FL 33136, USA
3Department of Cardiovascular Medicine, Mayo Clinic, Rochester, MN 55905, USA
4Department of Cardiology, Jackson Memorial Hospital, Miami, FL 33136, USA
5Department of Cardiology, Miami Veteran Affairs Healthcare System, Miami, FL 33136, USA
*Correspondence: Ian.Ergui@jhsmiami.org (Ian Ergui)
Submitted: 29 January 2024 Revised: 4 March 2024 Accepted: 13 March 2024 Published: 15 April 2024

Abstract

Background: Many international governing bodies recom-
mend against heart transplantation in patients with severe
cognitive-behavioral disabilities, however no clear crite-
ria are offered to define severity. Patients with neurode-
velopmental disorders may face systematic discrimination
when being evaluated for transplant. We set out to inves-
tigate whether children with neurodevelopmental disorders
that undergo heart transplantation have poorer in-hospital
outcomes compared to neurotypical children. Methods:
A retrospective analysis of the National Inpatient Sample
database was conducted to identify pediatric patients with
neurodevelopmental disorders who underwent heart trans-
plantation from 2011–2019. Baseline characteristics and
in-hospital outcomes between patients were compared. Bi-
nary logistic regression was used to investigate the associa-
tion between the documented presence of a neurodevelop-
mental disorder and in-hospital outcomes in children un-
dergoing heart transplantation. Results: We identified a
weighted sample of 3770 pediatric cardiac transplant pa-
tients, of whom 245 (6.5%) had a documented diagnosis
of neurodevelopmental disorder. There was no signifi-
cant difference in the odds of major adverse cardiovascu-
lar events (all-cause mortality, stroke complications or my-
ocardial infarction), surgical complications, infection, ve-
nous thromboembolic events, delirium/restraint use, or car-
diac dysrhythmia. Patients with neurodevelopmental disor-
ders had lower overall length of stay (44.0 days interquartile
range (IQR): 16.0–90.0 vs. 57.08 days IQR: 22.0–112.0,
p < 0.050), and cost of stay ($956,031 IQR: 548,559.0–
1,801,412.0 vs. $1,074,793 IQR: 599,089.8–2,129,086.0, p
< 0.050). Patients with neurodevelopmental disorders had
significantly lower odds of acute transplant complications
(adjusted odds ratio (aOR): 0.39, 95% confidence interval
(CI): 0.21–0.74, p < 0.050) vascular complications (aOR:

0.36, 95% CI: 0.19–0.66, p < 0.050) and acute kidney in-
jury (AKI) (aOR: 0.52, 95% CI: 0.33–0.83, p < 0.050).
Conclusions: These data suggest that patients with neu-
rodevelopmental disorders have overall similar if not poten-
tially improved post-transplant outcomes in the acute set-
ting compared to neurotypical patients, possibly secondary
to selection bias in the patient selection process.
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Introduction

For children with end-stage heart failure refractory to
medical management, heart transplantation is the standard
of care [1]. Themost common indication for transplantation
in patients under 1 year of age is congenital heart disease
[1]. For older children, conversely, the commonest indica-
tion is cardiomyopathy [1]. In-hospital and short-term out-
comes after transplant have improved consistently over the
past 30 years, and patients that live to 1-year post-transplant
have a 60% survival into adulthood [2]. Despite these ad-
vances, limited donor availability remains challenging for
transplant teams. Patients with 1A status often experience
wait times of up to 80–108 days andwait-list mortality of up
to 19.7–21.4% [3]. Most children on the wait-list are aged
12–17 years (28.4%), followed by patients aged 1–5 years
(26.4%) and patients younger than 1 year (21.3%) [4]. The
majority of children listed for transplant areWhite (51.3%),
followed by Hispanic (21.0%) and African-American chil-
dren (19.6%) [4]. While the total number of pediatric trans-
plants has risen in recent times (a 36.1% increase from
2010–2021), there are significant concerns regarding mor-
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bidity and mortality in various pediatric transplant candi-
date subgroups [4–6]. Pediatric patients with neurodevel-
opmental disorders (NDDs) represent a subgroup that is un-
dergoing transplant at increased frequency, yet studies re-
garding post-transplant prognosis in this group are lacking
[7]. The Diagnostic and Statistical Manual of Mental Dis-
orders 5 (DSM-5) defines NDDs as a group of conditions
that begin early in childhood and result in developmental
deficits that impair personal, social, academic or occupa-
tional functioning [8]. Specific NDDs include autism spec-
trum disorder (ASD), attention-deficit/hyperactivity disor-
der (ADHD), intellectual disability (ID), specific learning
disorder (SLD), motor disorders (MD) and communication
disorders (CD) [8,9].

Epidemiological data from the National Health Inter-
view Survey indicate that 18% of children have some form
of NDD as of 2017, a 9.5% increase over the prior 9 years
[10]. In terms of specific NDDs, approximately 1 in 36 chil-
dren aged 8 years have ASD, with male children being 3.8
times more likely to carry the diagnosis [11]. The global
prevalence of ADHD is estimated to be anywhere between
4.8% and 9.4% of children and teenagers [12]. Intellectual
disabilities are estimated to affect up to 3% of the popu-
lation [13]. Specific learning disorders, which encompass
neurocognitive deficits in verbal and mathematical percep-
tion, afflict up to 5–15% of children [8,14]. Similar to IDs,
MDs are thought to impact 2–3% of children [15]. Com-
munication disorders are diagnosed more frequently, with
an estimated prevalence of 5–10% [16]. NDDs may be as-
sociated with an increased risk of developing atheroscle-
rotic heart disease, dyslipidemia, stroke, heart failure and
cardiometabolic disease [17–21]. It is unclear what fac-
tors contribute to this increased risk of heart disease, but
effects of atypical antipsychotics, food selectivity, seden-
tary lifestyle, disturbed sleep patterns, disparities in the
use of guideline directed medical therapy, prematurity, ge-
netic and epigenetic variation, intrauterine growth restric-
tion, autonomic nervous system dysfunction, prenatal in-
fections, maternal obesity and maternal diabetes have all
been offered as potential etiologies [17,20–22]. Children
with congenital heart disease (CHD) have increased odds
of being diagnosed with NDDs [23–28]. Up to 30% of chil-
dren with CHD have concomitant NDDs [29]. The Ameri-
canHeart Association andAmericanAcademy of Pediatrics
recommend that clinicians consider enhanced screening for
NDDs in children with CHD [23]. While data regarding the
prevalence of specific acquired cardiac abnormalities in pa-
tients with NDDs is sparse, genetic mouse models of NDDs
show altered anterior and posterior wall thickness, differ-
ential myocardial fractional shortening and increased left
ventricular chamber diameter when compared to wild-type
mice [30]. Genetic variants implicated in the pathogenesis
of some NDDs, have also been tied to pathologic cardiac
morphologic abnormalities [29,31–47]. Although models
demonstrating the relationship of these shared neurologi-

cal and cardiovascular allelic variants with heart disease in
highermammals have not yet been developed, childrenwith
NDDs have been shown to have higher rates of atrial septal
defects, ventricular septal defects, and left heart obstruc-
tive lesions [24]. Conversely, magnetic resonance imaging
(MRI) studies in fetuses with isolated CHD show decreased
brain volumes and maturation when compared to controls
[48,49].

Many international societies and governing bodies
recommend against heart transplantation in patients with se-
vere cognitive/behavioral disabilities, yet criteria to define
severity are not offered [50]. Patients with NDDs and end-
stage heart failure may face systematic discrimination dur-
ing evaluation for ventricular assist device (VAD) or trans-
plant. We sought to investigate in-hospital outcomes in pe-
diatric patients with NDDs undergoing heart transplanta-
tion. We hypothesized that in-hospital outcomes after trans-
plant would be similar between groups.

Methods

Study Design

A retrospective cohort analysis was performed using
the National Inpatient Sample (NIS) database. The NIS is
the largest public all-payer inpatient dataset, encompassing
an approximate 20% sample of hospitalizations from US
hospitals participating in the Healthcare Cost and Utiliza-
tion Project. Information on all hospital stays is offered,
irrespective of payer. Rehabilitation hospitals and long-
term acute care facilities are excluded from theNIS. Patient,
hospital, and state identifiers are universally excluded from
the NIS, and all information is de-identified. Institutional
Review Board oversight and approval was not necessary
since patient-level information is de-identified within the
database. Data was weighted as recommended by the NIS.
Weights are attached to each case by the NIS to approxi-
mate a nationwide sampling of patients, and these weights
are applied to the sample prior to the application of statisti-
cal tests.

The NIS was queried from 1 January 2011 through 31
December 2019, resulting in 324,130,692 weighted cases.
Patients undergoing cardiac transplantation were identified
based on ICD-9 or ICD-10 procedure codes correspond-
ing to heart transplant (Supplementary Table 1). A to-
tal of 25,456 transplant patients were identified, of whom
340 had concomitant documented NDDs (Supplementary
Table 2). Patients with individual and mixed NDDs were
included in the analysis. To capture all codes used for
NDDs, publicly available spreadsheets consisting of all
ICD 9/10 codes from the Healthcare Cost and Utilization
Project (HCUP) Distributor were cross-referenced against
the Diagnostic and Statistical Manual of Mental Disorders-
V (DSM-V) [8,51]. Notably, only 95 (27.94%) of the total
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NDD coded patients who underwent transplant were adults.
Patients older than 18 years of age were excluded from
the analysis, as were patients with a medical diagnosis of
heart transplant history. After exclusion of transplant re-
cipients aged >18 years, a total of 3770 pediatric cardiac
transplant admissions were identified, of whom 245 (6.5%)
were coded as having an NDD (Fig. 1).

Fig. 1. Flow chart detailing the selection of patients who un-
derwent heart transplantation between 2011 and 2019 with
and without neurodevelopmental disorder (NDD).

Baseline characteristics were evaluated, including
age, sex, race, elective admission status, hypertension, di-
abetes mellitus, chronic kidney disease, chronic liver dis-
ease, obstructive sleep apnea, asthma, pulmonary hyper-
tension, history of stroke, anemia, obesity, major depres-
sive disorder, history of malignancy, hypertrophic car-
diomyopathy, dilated cardiomyopathy, and myocarditis
(Supplementary Table 3). Groups were also analyzed at

baseline for the presence of congenital heart disease, includ-
ing atrial septal defect, ventricular septal defect, hypoplas-
tic left heart syndrome, Tetralogy of Fallot, patent ductus
arteriosus and a history of prior surgical correction of con-
genital heart defects.

The primary outcome was a composite of mortal-
ity, stroke complications or myocardial infarction (major
adverse cardiovascular events, MACE). Secondary out-
comes included length of stay, cost of stay, transplant-
associated rejection/complications, intraoperative compli-
cations/pericardial complications, bleeding, transfusions,
infection, postoperative deep vein thrombosis/pulmonary
embolism (DVT/PE), delirium/restraint use, ventricular
dysrhythmia, atrial fibrillation/flutter, vascular complica-
tions, cardiac arrest, cardioversion, acute kidney injury,
post procedural cardiogenic shock, post-transplant lympho-
proliferative disorders and pneumothorax.

Statistical Analysis

Descriptive statistics were used to express continu-
ous and categorical variables. Missing values for race
were handled using multiple imputation as recommended
by the Healthcare Cost and Utilization Project [51]. Mean
and standard deviations were given for parametric con-
tinuous variables, median and interquartile range for non-
parametric continuous variables, and percentages for cate-
gorical variables. Independent samples t-tests were used for
parametric continuous variables, and Pearson’s chi-square
for categorical variables. The Mann-Whitney U test was
used for non-parametric continuous variables. A p value of
<0.05 was considered statistically significant. Multivari-
ate logistic regression was utilized to develop adjusted odds
ratios (aORs) and 95% confidence intervals to estimate the
association between NDD and in-hospital outcomes after
heart transplant. Models were adjusted for prespecified
covariates including age, infant status, race, sex, hyper-
tension, diabetes mellitus, chronic kidney disease, chronic
liver disease, stroke history, anemia, obesity, obstructive
sleep apnea, asthma, congenital heart disease, dilated car-
diomyopathy, and history of surgically corrected congenital
malformations. Statistical analyses were performed using
SPSS (IBM SPSS statistics for MAC, Version 26.0; IBM
Corporation, Armonk, NY, USA).

Results

Baseline characteristics of patients with and without
coded NDDs are shown in Table 1.

In patients with NDDs undergoing transplant, 20.4%
(N = 50) had mixed or overlapping syndromes. The pre-
dominant NDD was ADHD (36.7%, N = 90) followed by
ASD (28.6%, N = 70) and then CD (22.4%, N = 55). In-
tellectual disability was less common in transplant recipi-
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Table 1. Baseline characteristics of patients undergoing heart transplant.
Variable No NDD (n = 3525) NDD (n = 245) p-value

Age 7.2 ± 6.5 8.9 ± 6.0 <0.001*
Female 42.0% (1481) 32.7% (80) 0.004*
Non-white Race 48.6% (1713) 47.3% (116) 0.170
Elective Admission 16.3% (571) 16.3% (40) 0.990
Hypertension 28.1% (992) 40.8% (100) <0.001*
Diabetes Mellitus 1.4% (45) 9.8% (20) <0.001*
Chronic Kidney Disease 4.4% (155) 10.2% (25) <0.001*
Chronic Liver Disease 7.5% (265) 14.3% (35) <0.001*
Obstructive Sleep Apnea 2.8% (100) 8.2% (20) <0.001*
On Hemodialysis N ≤ 10 N ≤ 10
Asthma 6.1% (214) 20.4% (50) <0.001*
Pulmonary Hypertension 18.4% (647) 20.4% (50) 0.430
Prior Stroke 5.4% (190) N ≤ 10
Anemia 6.4% (149) N ≤ 10
Obesity 3.1% (110) 10.2% (25) <0.001*
Major Depressive Disorder 7.1% (251) 6.1% (15) 0.560
Congenital Heart Disease 18.9% (666) 6.1% (15) <0.001*
Personal History of Malignancy 0.7% (25) N ≤ 10
Hypertrophic Cardiomyopathy 4.0% (140) 6.1% (15) 0.100
Dilated Cardiomyopathy 40.8% (1439) 53.1% (130) <0.001*
Myocarditis 3.0% (105) N ≤ 10
History of Myocardial Infarction 0.6% (20) N ≤ 10
History of Surgically Corrected Congenital Heart Lesion 6.2% (220) 10.2% (25) <0.015*
Values are reported as mean ± standard deviation for continuous variables and percentage (number) for cate-
gorical variables. p-value < 0.05 is considered significant (asterisk). Cells with values ≤10 are not reported as
recommended by the National Inpatient Sample (NIS) and denoted as N ≤ 10.

ents with diagnosed NDDs (16.3%, N = 40). Patients with
SLDs and MDs each made up less than 10% of the NDD
cohort. Patients with NDDs were more likely to have hy-
pertension (40.8% vs. 28.1%), diabetes mellitus (9.8% vs.
1.4%), chronic kidney disease (10.2% vs. 4.4%), chronic
liver disease (14.3% vs. 7.5%), obstructive sleep apnea
(8.2% vs. 2.8%), asthma (20.4% vs. 6.1%), obesity (10.2%
vs. 3.1%), dilated cardiomyopathy (53.1% vs. 40.8%) and
a history of a prior surgically corrected congenital heart le-
sion (10.2% vs. 6.2%) with p< 0.05 for all. Unexpectedly,
for pediatric patients selected for transplantation, patients
without NDDs had a higher frequency of congenital heart
disease compared to patients with NDDs (18.9% vs. 6.1%).
Patients with NDDs were older than the non-NDD cohort
(8.94 ± 6.02 years vs. 7.23 ± 6.46 years, p < 0.05).

The NDD group had a lower rate of females than the
non-NDD group (32.7% vs. 42.0%). There was a lower rate
of non-white race in the NDD group (45.2% vs. 48.8%).
There were no significant differences in the incidence of
elective admissions. The frequency of prior stroke, dialy-
sis, anemia, malignancy history, myocarditis and prior my-
ocardial infarction were too low to calculate differences be-
tween groups.

Unadjusted in-hospital outcomes after heart transplant
are shown in Table 2.

Patients with NDDs who underwent cardiac transplant
had lower rates ofMACE, defined as a composite of mortal-
ity, stroke complications or myocardial infarction (6.1% vs.
13.7%), acute transplant complications (12.2% vs. 21.4%),
intraoperative/pericardial complications (8.2% vs. 13.8%),
bleeding complications (10.2% vs. 22.6%), vascular com-
plications (14.3% vs. 26.0%) and acute kidney injury (AKI)
(18.4% vs. 33.4%). The average length of stay was shorter
in the NDD group as was the average cost of stay. There
was no significant difference in blood product transfusions
(26.5% vs. 23.7%), postoperative deep venous thrombosis
(14.3% vs. 14.9%), ventricular dysrhythmias (28.6% vs.
29.3%), cardioversion (6.1% vs. 4.2%) or pneumothorax
(6.1% vs. 8.0%) between groups.

A binary logistic regression model was used to ad-
just for the prespecified covariates of age, infant status,
race, sex, hypertension, diabetes mellitus, chronic kidney
disease, chronic liver disease, stroke history, anemia, obe-
sity, obstructive sleep apnea, asthma, congenital heart dis-
ease, dilated cardiomyopathy, and history of surgically cor-
rected congenital malformations. The age variable was di-
chotomized into patients ≤7 years old vs. those >7 for the
binary logistic regression model. Infant status was defined
as patients <1 year old. The non NDD group contained
972 infants (27.6%) while the NDD group contained 35
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Table 2. Outcomes following heart transplant.
Outcome No NDD (n = 3525) NDD (n = 245) p-value

MACE [A] 13.7% (483) 6.1% (15) <0.001*
Length of Stay [B] 57 IQR (22–112) 44 IQR (16–90) <0.001*
Cost of Stay [C] 1,074,793 IQR (599,090–2,129,086) 956,031 IQR (548,559–1,801,412) <0.030*
Acute Transplant Complications [D] 21.4% (755) 12.2% (30) <0.001*
Iatrogenic or Pericardial Complications of
Cardiac Surgery

13.8% (488) 8.2% (20) 0.012*

All Major Bleeding 22.6% (798) 10.2% (25) <0.001*
Blood Product Transfusion 23.7% (837) 26.5% (65) 0.323
Infectious Complications [E] 12.0% (423) N ≤ 10
Postoperative Deep Venous Thrombosis or
Pulmonary Embolism

14.9% (526) 14.3% (35) 0.787

Delirium or Restraint use 4.4% (156) N ≤ 10
Ventricular Dysrhythmia 29.3% (1032) 28.6% (70) 0.814
Atrial Fibrillation/Flutter 6.2% (217) N ≤ 10
Vascular Complications 26.0% (916) 14.3% (35) <0.001*
Cardiac Arrest 9.3% (326) N ≤ 10
Cardioversion 4.2% (149) 6.1% (15) 0.160
Acute Kidney Injury 33.4% (1178) 18.4% (45) <0.001*
Post Procedural Cardiogenic Shock 1.3% (45) N ≤ 10
Post Transplant Lymphoproliferative Disorder N ≤ 10 N ≤ 10
Pneumothorax 8.0% (283) 6.1% (15) 0.285
Outcomes reported as median (interquartile range) for continuous variables and percentage (number) for categorical variables. [A] MACE:
combined primary endpoint includingmortality, all stroke complications, and all acutemyocardial infarctions. [B] Length of stay reported in
days. [C] Cost of stay reported in USD. [D] Acute transplant complications include rejection, graft dysfunction and allograft vasculopathy.
[E] Infectious complications include postoperative infection, sepsis, or septic shock. p-value considered significant<0.05 (asterisk). Cells
with values ≤10 are not reported as recommended by the NIS and denoted as N ≤ 10. MACE, major adverse cardiovascular events; IQR,
interquartile range.

(14.3%). After adjustment, there was no significant differ-
ence in the odds of MACE (aOR: 0.69, 95% confidence in-
terval (CI): 0.34–1.44, p= 0.333), intraoperative/pericardial
complications (aOR: 0.79, 95% CI: 0.42–1.49, p = 0.469),
or bleeding complications (aOR: 0.64, 95% CI: 0.35–1.16,
p = 0.137), between NDD and non-NDD patients. Patient
with NDDs had significantly lower odds of acute transplant
complications (0.39, 95% CI: 0.21–0.74, p < 0.001) vas-
cular complications (aOR: 0.36, 95% CI: 0.19–0.66, p =
0.003) and AKI (aOR: 0.52, 95% CI: 0.33–0.83, p = 0.004)
compared to non-NDD patients during the index admis-
sion (Fig. 2). A comorbidity adjusted Brown-Mood me-
dian test was conducted to compare the median cost and
length of stay between NDD and non NDD groups given
the non-parametric distribution of those variables. The me-
dian length of stay was shorter in the NDD group (44.0
days interquartile range (IQR): 16.0–90.0 vs. 57.08 days
IQR: 22.0–112.0, p = 0.004), and there was no signifi-
cant comorbidity adjusted difference in the median cost of
stay between NDD and non NDD groups ($956,031 IQR:
548,559.0–1,801,412.0 vs. $1,074,793 IQR: 599,089.8–
2,129,086.0, p = 0.098).

Discussion

We present the only multi-center retrospective cohort
study of heart transplantation outcomes in patients with
NDDs to date. In this cohort we demonstrate that overall,
the presence of NDDs was not associated with increased
odds of major adverse cardiovascular events, intraoperative
complications, or graft dysfunction. Patients with NDDs,
interestingly, had decreased odds of acute transplant com-
plications, vascular complications, and acute kidney injury.
This is despite the fact that patients with NDDs had higher
rates of comorbidities such as hypertension, diabetes mel-
litus, chronic kidney disease, chronic liver disease, and
asthma. This may be because a higher proportion of the
neurotypical patients had concomitant CHD as compared to
the NDD patients, whereas the NDD patients had a higher
degree of dilated cardiomyopathy. The likely shortened
time to transplant for children with dilated cardiomyopathy
may explain fewer overall complications being seen in this
group [52]. Selection bias in the organ allocation process
may also be partly responsible for the improved outcomes
in the NDD group in this study. Patients with NDDs may
be viewed as sicker than their neurotypical counterparts and
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Fig. 2. Adjusted in-hospital outcomes following heart transplant in patients with NDDs. Values <1 favor patients with NDDs.
AKI, acute kidney injury.

may be excluded from the transplant conversation. While
the phenomenon of over-diagnosis and under-treatment has
been shown in racial minorities [53], there have not been
similar studies in patients with NDDs.

Despite the increasing prevalence of NDDs, heart
transplantation in neurodivergent populations remains an
area of controversy. Several state legislatures in the US
have recently passed legislation to protect the rights of pa-
tients with NDDs being evaluated for transplant [54]. Up
to 43% of pediatric transplant centers consider NDDs when
evaluating a patient for transplant, with 14% of centers
regarding even mild NDDs a relative contraindication to
transplant [55]. Data from the Organ Sharing Network has
shown that childrenwithNDDs have longer wait times prior
to transplant, but similar survival and graft function after
surgery [56]. There is a distinct lack of guidance and stan-
dardization regarding the inclusion of neurodevelopmental
delay in the transplant evaluation [55]. The low frequency
of CHD in the NDD group in this study despite the numer-
ous genetic associations between the conditions raises the
question of whether patients with CHD are not being trans-
planted because of their NDDs. Epidemiological data sug-
gest that up to 18% of US children may have some form
of NDD, however patients with NDDs only made of 6.5%
of the population of this study [10]. Patient and institution
level analyses are needed to assess whether patients with
IDs are being excluded from consideration for transplant
based on their neurodivergent status [57,58].

Patients with NDDs suffer from persistent difficul-
ties with social interaction, communication, and learning
[8,59]. For NDD patients with concomitant heart failure
who are in extremis and require transplant for a chance at
survival, the pre, peri and post-operative periods can be es-
pecially challenging. Overstimulation in the inpatient and
intensive care units, higher doses of sedating medications,
difficulties communicating symptoms, “picking” at lines or
surgical wounds, concerns regarding long term immuno-
suppressant adherence and problems with dietary and fluid
restrictions are all valid concerns for NDD patients fac-
ing the possibility of transplant surgery. The results from
this retrospective study support the notion that patients with
NDDs can benefit from similar in-hospital outcomes to pa-
tients without NDDs after cardiac transplant.

Some pediatric transplant centers have had success
with limiting the number of patient visitors, minimizing the
number of distracting stimuli, decreasing the frequency of
vital sign monitoring, and emphasizing the importance of
open and empathetic communication with NDD patients
[60]. Physicians, case managers, family members, nurses
and mental health practitioners are equally important and
all play vital roles in serving this vulnerable population. Up
to 24% of neurotypical children may suffer from psycho-
logical distress after heart transplant, and an individualized
approach is needed for all children facing the prospect of
such major intervention [61]. One survey of a large pedi-
atric tertiary center showed that nurses with frequent inter-
actions with patients with NDDs have significantly higher
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self-reported effectiveness at communicating with and car-
ing for these populations compared to staff with less fre-
quent interactions [62]. Successful strategies reported in
that study included partnering with families to understand
what techniques were effective to communicate with and
calm children with NDDs, as well as better understand what
stimuli upset them [62]. Studies in older adults with neu-
rocognitive disorders indicate that one to one specialling
and close observation in this populationmay result in higher
quality care, however data regarding specialling and closer
observation in pediatric patients with NDDs is not available
at this time [63]. Increased supervision, more frequent con-
tact with clinical staff and access to nurses specialized in
these behavioral interventions may bely the improved out-
comes for the NDD group in this study.

The current study has several limitations. The low
sample size of NDD patients reduces the generalizability
of this study. A weighted population of 245 NDD patients
undergoing transplant ensures that any observations drawn
from this study are mainly descriptive and causation cannot
be inferred. The accuracy of coding for NDDs is likely het-
erogenous between centers. We were unable to evaluate pa-
tients with or without NDDswhowere considered for trans-
plant and ultimately not listed and therefore cannot estimate
the possible role of selection bias on these outcomes. Pa-
tients with NDDs being considered for transplant may, for
instance, have fewer overall comorbidities and greater per-
formance status at baseline. The former, however, is belied
by the higher baseline rates of diabetes mellitus, chronic
kidney disease and pulmonary hypertension in the NDD
group.

Despite the above-mentioned limitations, in this co-
hort NDD patients who underwent heart transplant had sim-
ilar to improved posttransplant outcomes compared to neu-
rotypical patients. Efforts are underway in various govern-
mental bodies to protect the rights of intellectually diver-
gent patients in need of solid organ transplants. The ex-
clusion of patients with NDDs from some transplant pro-
grams represents a major disparity in healthcare and trans-
plant teams should consider a multidisciplinary approach to
evaluating NDD patients for transplant.

Conclusions

Pediatric patients with neurodevelopmental disorders
have similar or potentially improved outcomes post-cardiac
transplant when compared to neurotypical patients, how-
ever they are transplanted at a lower frequency then would
be expected based on epidemiological data.
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