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ABSTRACT

Objective: Genetic syndromes (GSs) are often linked to congenital heart disease
(CHD) and cardiomyopathy (CM). The effect of GSs on survival following pediatric
heart transplant (HT) has not been well described. We aimed to compare outcomes
following HT between children with a GS and those without a GS.

Methods: The United Network for Organ Sharing (UNOS) transplantation database
was merged with the Pediatric Health Information System (PHIS) administrative
database to identify children with GS who underwent HT between 2009 and
2019. Characteristics and outcomes were compared between children with a GS
(GS group) and those without a GS (no GS group).

Results: GSs were present in 225 of 2429 HT recipients (9%). The most common
GSs were DiGeorge syndrome (n ¼ 28), muscular dystrophy (n ¼ 27), Down
syndrome (n ¼ 26), and Turner syndrome (n ¼ 14). The incidence of CHD was
higher in the GS group compared to the no GS group (54% vs 38%; P< .1);
however, patient demographics, hemodynamics, renal and hepatic dysfunction,
and requirements for dialysis, mechanical ventilation, extracorporeal membrane
oxygenation, and mechanical circulatory support were not different between the
2 groups. Time on the waitlist was not significantly different between the GS and
no GS groups (55 days vs 53 days; P ¼ .4). There also was no between-group
difference in the incidence of post-transplantation complications, including dialysis
(8% vs 5%; P¼ .38), stroke (3% vs 4%; P¼ .34), primary graft dysfunction (2% vs
2%; P¼ .75), need for pacemaker (1% vs 1%; P¼ .84) and rejection (3.4% vs 3.4%;
P¼ .96). Survival at 10 years post-HT was 75% for the no GS group and 72% for the
GS group (P¼ .59). The survival curves also did not differ between patients with CM
and those with CHD.

Conclusions: Children with certain GSs and end-stage heart failure can be expected
to have similar post-transplantation outcomes to those without a GS. Although
early and late post-transplantation care is individualized to each patient, the
presence of a GS should not influence the decision to list for HT. (JTCVS Open
2024;21:279-87)
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Survival after pediatric HT is not significantly
different with selected genetic syndromes.
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Postoperative pediatric heart
transplant recovery, complica-
tions, rejection, early and late
survival, and risk of retransplan-
tation are not significantly
different between children with
selected genetic syndromes and
those without such syndromes.
PERSPECTIVE
Genetic syndromes can complicate congenital
heart surgery and affect recovery, morbidity,
and survival. The effects of these syndromes on
pediatric heart transplant outcomes have not
been well studied. Merging the United Network
for Organ Sharing transplantation database with
the Pediatric Health Information System database
allowed for a better understanding of the effect
of genetic syndromes on heart transplant
outcomes.
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Abbreviations and Acronyms
CHD ¼ congenital heart disease
CM ¼ cardiomyopathy
ECMO ¼ extracorporeal membrane oxygenation
GS ¼ genetic syndrome
HT ¼ heart transplant
ICD ¼ International Classification of Diseases
PHIS ¼ Pediatric Health Information Systems
UNOS ¼ United Network for Organ Sharing
VAD ¼ ventricular assist device
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To view the AATS Annual Meeting Webcast, see the
URL next to the webcast thumbnail.

waitlist time also were determined. Post-transplantation data collected

included survival, postoperative hospital length of stay, as well as diagnosis

of primary graft dysfunction, stroke, rejection, and need for pacemaker,

dialysis, or retransplantation.
80 JTCVS Open c October 202
Genetic syndrome (GSs) are frequently linked to both
congenital heart disease (CHD) and cardiomyopathy
(CM) in children.1-4 Pediatric heart transplant (HT) is
now a widely accepted therapy for patients with end-stage
heart failure.5 As more children with GSs develop end-
stage heart disease and are considered for pediatric HT,
there is growing interest in post-transplantation outcomes
for these patients. Although there are published data on pa-
tients with GSs after HT from single centers, this population
remains understudied.

The purpose of the present study was to compare post-HT
outcomes of pediatric patients with a GS and those without
a GS. We hypothesized that the 2 groups of patients would
have similar post-transplantation outcomes.
METHODS
This study was approved by the University of Louisville Institutional

Review Board (approval 22.0617, August 4, 2022).

Study Population
The United Network for Organ Sharing (UNOS) transplantation database

was merged with the Pediatric Health Information System (PHIS) adminis-

trative database to identify children with a major GS who underwent pedi-

atric HT between 2009 and 2019. Given the UNOS database liminations

and lack of granularity, the merger was performed in order to allow identi-

fication of children with a GS. The PHIS database identified encounter diag-

noses and procedures based on International Classification of Diseases

(ICD) Ninth and Tenth Revision codes, providing more granularity in terms

of the presence of selected GS. The merging process was as follows. The

PHIS database was accessed and queried between 2008 and 2021 for pa-

tients undergoing HT and with a prior diagnosis of 1 of 10 selected and a

defined GS most commonly associated with the need for HT. The UNOS

thoracic transplant database also was queried for patients age<18 years be-

tween 2008 and 2021. Patients who were age �18 years or who underwent

transplant before 2009 or after 2019 were excluded. The UNOS and PHIS

databases were then merged by matching center name and transplant date.

A secondary match was performed using patient age and sex. Patients

with heterotaxy syndrome also were excluded from the final data set.

The final study cohort was then divided into the GS and no GS groups.
4

Study Purpose and Definitions
The purpose of this study was to compare post-HToutcomes in pediatric

patients with a GS and a contemporaneous control of patients without a GS.

Risk factors affecting survival, retransplantation, and rejection also were

assessed. The GSs were defined by the following ICD-9 or -10 codes:

Down syndrome, DiGeorge syndrome, Turner syndrome, Noonan

syndrome, Danon disease, Barth syndrome, muscular dystrophy, Marfan

syndrome, very long-chain acyl-CoA dehydrogenase deficiency, primary

creatinine deficiency, and other diagnoses, including GSs not classified

as specific diagnoses using ICD codes owing to limitations of the ICD

codes themselves.

Demographic information, including age, sex, race, height and weight,

and pretransplantation cardiac diagnosis, were collected. Data also were

collected on pretransplantation hemodynamics, laboratory data, and use

of dialysis, mechanical ventilation, extracorporeal membrane oxygenation

(ECMO), or a ventricular assist device (VAD). Donor ischemia time and

Analysis
Nonparametric univariate statistical methods were initially used to eval-

uate baseline characteristics between the 2 groups. Continuous variables

were analyzed using the Kruskal-Wallis test, and categorical variables

were analyzed using the c2 test. Kaplan-Meier survival curves were

computed to evaluate the survival, and the log-rank test was used to detect

any difference between the groups. Survival curves stratified by the etiol-

ogy of heart failure and presence of genetic abnormality were calculated.

A multivariable regression model was generated for the GS group to

identify factors associated with mortality at 1 year post-transplantation.

Data are presented as median (interquartile range [IQR]) or number (%).

Statistical analyses were performed using SAS 9.4 software (SAS Insti-

tute). A 2-tailed 5% a level was considered to indicate statistical

significance.

RESULTS
Demographics and Clinical Characteristics

Baseline demographics and clinical characteristics of the
GS and no GS groups at the time of transplant are presented
in Table 1. A total of 2429 patients underwent HT
during the study period, of whom 225 (9%) were diagnosed
with a GS. The median age at transplantation was 5 years
(IQR, 0-13 years) for both the GS and no GS groups. The per-
centage of patients with a pretransplantation diagnosis of
CHD was higher in the GS group (54% vs 38%; P<.01).
The most common GSs were DiGeorge syndrome (n ¼ 28;
12%), muscular dystrophy (n ¼ 27; 12%), Down syndrome
(n ¼ 26; 12%), and Turner/Noonan syndrome (n ¼ 14;
6%), with other syndromes not specified (n ¼ 107; 48%).

Patients’ clinical characteristics at the time of transplan-
tation are shown in Table 2. There were no statistically sig-
nificant differences between the no GS and GS groups at the
time of transplantation in terms of mean pulmonary artery
pressure (22 mm Hg in the no GS group vs 20 mm Hg in
the GS group; P ¼ .93), serum creatinine level (0.4 vs
0.4; P ¼ .44), total bilirubin level (0.5 vs 0.6; P ¼ .17), or
use of dialysis (2.7% vs 4.0%; P ¼ .44). There was no sta-
tistically significant difference between the 2 groups in the



TABLE 1. Patient demographics at HT

Characteristic No GS (N ¼ 2204) Confirmed GS (N ¼ 225) P value

Age, y, median (IQR) 5 (0-13) 5 (0-13) .96

Male sex, % 54 58 .32

Race, % .37

White 55 55

Black 17 18

Other 28 27

Height, cm, median (IQR) 107 (68-154) 100 (66-146) .31

Weight, kg, median (IQR) 17 (8-46) 18 (8-41) .35

Body mass index, median (IQR) 17 (15-20) 17 (15-19) .66

Blood group, % .15

A 37 31

B 14 18

AB 45 48

O 4 3

Underlying diagnosis, % <.01

Congenital heart disease 38 54

Cardiomyopathy 62 46

Significant P value for the difference between patients who have congenital heart disease and those who have cardiomyopathy.HT, Heart transplant;GS, genetic syndromes; IQR,

interquartile range.
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need for mechanical ventilation (15% in the no GS group vs
16% in the GS group; P ¼ .77), ECMO (3.4% vs 2.2%;
P ¼ .43), LVAD (23% vs 18%; P ¼ .26), and inotropic
agents (52% vs 47%; P ¼ .19), as well as time on the
HT waitlist (53 days vs 55 days; P ¼ .4).
Post-Transplantation Outcomes
The length of hospital stay after HTwas longer in the GS

group compared with the no GS group (median, 21 [IQR,
14-40] days vs 19 [IQR, 13-33] days; P ¼ .03). However,
the incidence of post-transplantation in-hospital complica-
tions was not significantly different between the 2 groups.
This included the need for postoperative dialysis (8% in
TABLE 2. Patient clinical characteristics at HT

Characteristic No GS (N ¼ 2204

PAP, mm Hg, median (IQR) 22 (17-30)

Creatinine, mg/dL, median (IQR) 0.4 (0.3-0.6)

Dialysis, % 2.7%

Bilirubin, mg/dL, median (IQR) 0.5 (0.3-1.0)

Mechanical ventilation, % 15%

EMCO, % 3.4%

VAD, % 23%

Inotropes, % 52%

Donor ischemia time, min, median (IQR) 3.5 (2.9-4.1)

Waitlist time, d, median (IQR) 53 (20-113)

HT, Heart transplant; GS, genetic syndrome; PAP, pulmonary artery pressure; IQR, interqu

device.
the no GS group vs 5% in the GS group; P ¼ .38), stroke
(3% vs 4%; P ¼ .34), primary graft dysfunction (2% vs
2%; P ¼ .75), need for pacemaker (1% vs 1%; P ¼ .84),
and graft rejection (3.4% vs 3.4%; P ¼ .96). There re-
mained no difference between the 2 groups when rejection
was evaluated by the frequency of events prior to hospital
discharge (12% vs 13%; P ¼ .32) and within the first-
year post-transplantation (15% vs 18%; P ¼ .21)
(Figure 1).
Post-Transplantation Survival
Initial 30-day mortality was not different between the

2 groups (3% for the no GS group vs 4% for the GS group;
) Confirmed GS (N ¼ 225) P value

20 (17-31) .93

0.4 (0.3-0.6) .44

4.0% .29

0.6 (0.3-1.0) .17

16% .77

2.2% .43

18% .26

47% .19

3.5 (3.0-4.1) .49

55 (20-135) .40

artile range; ECMO, extracorporeal membrane oxygenation; VAD, ventricular assist
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FIGURE 1. Frequency of post-transplantation complications showing no statistically significant difference between the genetic syndrome (GS) and no GS

groups.
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P ¼ .36). Overall post-HT survival at 10 years also was not
statistically significantly different between the 2 groups
(70% vs 71%; P ¼ .55) (Figure 2). When patients were
grouped by underlying heart condition, either CHD or
CM, the 10-year survival remained similar in the no GS
and GS groups (Figure 3). The rate of retransplantation at
5 years post-transplantation also did not differ between
the 2 groups (Figure 4).

The 5-year survival following pediatric HT for selected
GSs is shown in Figure 5. Survival was lower in children
with DiGeorge syndrome compared to those with Down
syndrome, muscular dystrophy, or Turner/Noonan
syndrome; however, the difference was not statistically sig-
nificant (P ¼ .12).

To investigate factors related to 1-year mortality for the
patients with a GS, a multivariate regression model was per-
formed using the variables of age, sex, race, weight, body
mass index, renal function (evaluated by glomerular
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filtration rate), total bilirubin, days on the transplantation
waitlist, need for mechanical support prior to transplant,
ABO blood type, and ischemic time of the transplanted
graft. None of these clinical characteristics appeared to be
related to mortality (Table 3).
DISCUSSION
Nationwide, over a recent 10-year period, patients with a

GS composed approximately 9% of the total pediatric popu-
lation who underwent HT. These included patients with a
heterogenous mix of underlying syndromes, including those
with chromosomal anomalies, skeletal myopathies, mito-
chondrial disorders, and connective tissue disorders. Despite
this, there were no differences in listing clinical characteris-
tics, waitlist time, post-transplantation complications, or
post-transplantation survival between patients with a GS
and those without a GS. However, depending on the type of
6 8 10
aseline (years)

No Genetic Syndrome

P = .55

97 791 636 476 340 224
29 100 71 48 33 21

GS) and no GS groups showing no statistically significant differences in
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underlying syndrome, there did appear to be somedifferences
in long-term survival between the 2 groups (Figure 6).

Among children with CHD, those with an underlying GS
have a higher risk of postoperative morbidity and mortality
after surgical repair.6-8 However, there is limited
information regarding pediatric HT waitlist times and HT
outcomes for patients with an underlying GS. Various
case reports and small single-center studies of patients
with skeletal myopathies and connective tissues disorders
undergoing HT or VAD implantation9-22 and 1 large-scale
database study23 have shown similar post-HT outcomes
for patients with muscular dystrophy compared to con-
trols.23 Single-center and multicenter studies for patients
with chromosomal anomalies24-26 have shown no
difference in post-transplantation survival, although some
data have suggested a potential increase in postoperative
morbidities. Our study expands on these findings by linking
2 large-scale databases, UNOS and PHIS, to provide gran-
ular and diagnostic data to better elucidate waitlist and HT
outcomes for the population of patients with a variety of
syndromes. This has allowed us to compare findings both
between groups and within groups.
In this study, we found that while postoperative compli-

cations were not significantly different between the no GS
and GS groups, patients with a GS did have a longer
hospital length of stay (median, 21 [IQR, 14-40] days vs
19 [IQR, 13-33] days; P ¼ .03). However, although signif-
icant, this difference was small and might not be clinically
relevant. Nonetheless, children with an underlying GS are
known to have a higher burden of other congenital defects
JTCVS Open c Volume 21, Number C 283
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and health conditions that could lead to longer hospital
stays.27 We also found a higher rate of CHD in the GS
group compared to the no GS group (54% vs 38%;
P<.01).

Interestingly, comparing survival outcomes for patients
with different underlying GSs revealed differences in
long-term survival. For example, patients with DiGeorge
syndrome had worse 5-year survival compared to patients
with other chromosomal abnormalities and those with
muscular dystrophy. Previous studies have shown that
although patients with DiGeorge syndrome may have
more postoperative complications after initial CHD surgical
repair, they do not have a higher mortality rate after
0 1 2
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surgery28 or a higher rate of complications and/or death af-
ter HT compared to patients without DiGeorge syndrome.29

However, both of those reports were from single-center
studies, and further analysis of this finding is warranted.

This study is limited by the inherent factors in an obser-
vational retrospective database design. We intentionally
selected patients with a broad range of GSs to reflect the
HT listing practices nationwide. It is important to
acknowledge that all GSs are unique and may have
differing comorbidities that can affect post-HT outcomes.
We were able to evaluate differences in survival outcomes
by subgroup; however, given the study’s retrospective
observational database design, our ability to detect further
3 4 5
aseline (years)

P = .12

10 9 9
19 15 13
14 12 9
22 16 14

Down Muscular Dystrophy

enetic syndromes—Turner/Noonan syndrome, Down syndrome, DiGeorge

nces among them.



TABLE 3. Multivariable analysis

Variable OR 95% CI P value

Age (y) 1.14 0.89-1.48 .302

Sex, male vs female 2.48 0.76-8.13 .133

Race, black vs white 0.69 0.13-3.64 .798

Race, other vs white 0.30 0.05-1.65 .257

Weight (kg) 0.91 0.82-1.02 .097

Body mass index 1.29 0.99-1.67 .060

eGFR 1 1-1.03 .060

Total bilirubin 0.97 0.78-1.21 .784

Use of VAD 0.22 0.02-1.91 .168

Waitlist duration (d) 0.99 0.99-1.00 .145

ABO compatible vs identical 0.48 0.11-2.20 .245

ABO incompatible vs identical 2 0.19-21.30 .387

Ischemia time (h) 0.69 0.38-1.28 .241

OR, Odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; VAD, ventricular assist device.
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differences between the groups was limited. Owing to the
study’s observational nature, it might not be adequately
powered to detect differences between the groups;
Methods:
UNOS and PHIS databases merged to identify children with GS w
contemporaneous control of children with no GS.

Results:

Implications:
While individualized care should be considered, given the compa
genetic syndromes, an underlying genetic syndrome should be n
patients.

Abbreviations: UNOS: United Network for Organ Sharing, PHIS: Pedi
heart transplantation.
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Nevertheless, these data represent a multi-institutional
perspectivewith less bias compared to single-center studies.
Both the PHIS and UNOS are large administrative data-
bases that rely on accurate coding and data entry by partici-
pating institutions. Inaccurate or incomplete ICD-9/10
coding, for example, may lead to misreporting and poten-
tially could affect study analyses. This also could be a
reason why the “other” syndrome diagnoses represent a sig-
nificant proportion of our study population. This study
included only patients with a confirmed diagnosis of GS re-
corded by an ICD-9/10 code in their medical record and also
may include a more generic diagnosis. Reliance on this cod-
ing might not truly reflect a patient’s phenotype, however.
Of note, this study does not include patients who were eval-
uated for HT but not listed; thus, the results are generaliz-
able only to patients with a GS deemed appropriate for
HT listing.

In conclusion, children with underlying GSs account for
9% of the pediatric population undergoing HT. Children
who have an underlying GS with end-stage heart failure
and require listing for HT have similar post-
transplantation complication rates and survival as children
without a GS. Although all patients need individualized
care post-HT, the presence of an underlying GS should
not influence the decision to list for pediatric HT in patients
deemed candidates for listing.
Webcast
You canwatch aWebcast of this AATSmeeting presentation
by going to: https://www.aats.org/resources/outcomes-of-
pediatric-heart-transplantation-in-children-with-major-genetic-
syndromes-are-comparable-to-those-with-no-genetic-syndromes.
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