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ABSTRACT

Background: Partial heart transplantation (PHT) is a promising procedure for pediatric patients with irreparable semilunar
valve disease. Current immunosuppression regimens mirror orthotopic heart transplant (OHT) protocols. However, semilunar
valves may have immune privilege, making true immunosuppressive requirements unclear. This study examines the effect of
rejection on semilunar valves in OHT to inform immunosuppression strategies for PHT.

Methods: We conducted a single-center retrospective case—control study of pediatric OHT recipients from 2008 to 2023. Patients
were grouped by the presence or absence of rejection episodes, with further stratification by rejection severity. Semilunar valve
function was assessed via echocardiography at baseline, during, and after rejection episodes. Subgroup analysis was performed
based on rejection severity and age at transplant (< 1year of age).

Results: Of 113 eligible OHT recipients, 57 had > 1 rejection episodes (32 high-grade). Baseline valve function was comparable
between rejection and non-rejection groups. After a 3.8-year median follow-up, there were no significant differences in aortic
or pulmonary valve gradients or in the prevalence of clinically significant regurgitation between groups. Paired analysis during
rejection demonstrated no change in valve function compared to pre-rejection assessment. Similar findings were observed in
infants transplanted < 1year of age.

Conclusions: Over a median follow up of nearly 4years, semilunar valve function in pediatric OHT recipients remained clin-
ically unaffected by rejection, even in high-grade cases and among younger patients. These findings support the hypothesis of
semilunar valve immune privilege and suggest that intensive immunosuppression may not be necessary to preserve valve func-
tion after PHT.

Abbreviations: ACR, acute cellular rejection; AMR, antibody mediated rejection; AR, aortic regurgitation; AS, aortic stenosis; cPRA, calculated panel reactive
antibodies; DSA, donor specific antibodies; HLA, human leukocyte antigen; ISHLT, international society for heart and lung transplantation; OHT, orthotopic heart
transplantation; PHT, partial heart transplantation; PR, pulmonary regurgitation; PS, pulmonary stenosis
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1 | Introduction

Congenital heart disease involving semilunar valves presents
significant clinical challenges in pediatric patients. Repair
options are limited, and valve replacement procedures carry
substantial morbidity and mortality risk, particularly among
neonates and infants [1-3]. Additionally, appropriately sized bi-
oprosthetic and mechanical valves for young children are often
unavailable, frequently restricting choices to preserved cadav-
eric homografts [4]. Importantly, none of these available replace-
ment valves possess viable cells required for valve growth and
self-repair [4].

Semilunar valves must maintain unidirectional blood flow
without significant obstruction or regurgitation. Native valves
achieve this by continuously growing and undergoing self-
repair throughout a patient's lifespan [5]. In contrast, current
replacement options lack these essential biological properties,
inevitably leading to stenosis or regurgitation over time [6, 7].
Consequently, pediatric patients receiving valve replacements
often require repeated surgical interventions as they outgrow
their valves or as valve dysfunction progresses [8].

Partial heart transplantation (PHT) is an emerging surgical
technique that offers a promising solution to this problem. First
described by Rajab in 2021, this surgical procedure replaces ir-
reparable semilunar valves using fresh semilunar allograft tis-
sue procured from an organ donor whose heart is non-utilized
for a standard orthotopic heart transplant (OHT) [4]. The ratio-
nale for this procedure stems from observations that autograft
valve replacements, such as those performed during the Ross
procedure, and semilunar valves in transplanted hearts demon-
strate sustained functionality and growth in pediatric patients
[9, 10].

To date, there have been 20 reported partial heart transplants
with clinical management largely mirroring standard OHT with
respect to blood group and human leukocyte antigen match-
ing, donor ischemic time, and the use of immunosuppression
[11-13]. However, there is evidence suggesting semilunar valves
possess some level of immunologic privilege which may allow
reduced immunosuppression without compromising valve func-
tion and growth [14-16]. This is particularly important given the
well-documented side effects associated with chronic immuno-
suppressive therapy, including opportunistic infections, renal
injury, and post-transplant lymphoproliferative disorder [17, 18].

Previous studies have shown that long-term failure of pediatric
OHT grafts is primarily due to myocardial dysfunction and cor-
onary artery vasculopathy [19, 20], with limited evidence sug-
gesting semilunar valve dysfunction contributes to graft failure.
Valente et al. reported the post-mortem gross, histologic, and
immunohistochemistry findings of 37 heart transplant recipi-
ents and found the aortic valves maintained tissue viability and
preserved leaflet integrity with no valve tears or perforations,
even in the presence of myocardial rejection [21]. Similarly,
Mitchel et al. examined 16 aortic valves explanted from OHT
recipients and found the aortic valves maintained normal his-
tologic structure with no or mild inflammatory infiltrates even
in patients who died of acute rejection [22]. These findings sug-
gest immune activation has minimal impact on the structural

integrity of transplanted semilunar valves; however, neither
study specifically addressed long-term valve function and he-
modynamic consequences after rejection episodes.

Other studies have demonstrated that implanted cryopreserved
aortic and pulmonary allografts are recognized by the recipi-
ent's immune system and trigger immune activation, resulting
in the production of anti-donor human leukocyte antigen (HLA)
class I and II antibodies [23, 24]. Retrospective analyses have
further linked histocompatibility mismatches between recip-
ient and donor to being associated with accelerated allograft
dysfunction [25]. However, studies evaluating the function of
semilunar valves in OHT recipients are lacking. Unlike stan-
dard allograft valves, semilunar valves in OHT have not been
exposed to cryopreservation and thus retain cellular integrity,
which may confer growth and repair potential and reduce sus-
ceptibility to immune-mediated damage.

To better understand the clinical impact of immune system
activation on semilunar valve function after transplantation,
we conducted a single-center retrospective case—control study
comparing OHT recipients who experienced rejection episodes
with those who did not. We hypothesized that there would be no
meaningful differences in valve function between these groups.
Clarifying this relationship will inform future immunosuppres-
sion strategies following partial heart transplantation.

2 | Methods

This study was approved by the Institutional Review Board of
the University of Virginia Medical Center. Due to its retrospec-
tive design, the requirement for informed consent was waived.
Patients < 18 years of age who underwent an OHT at our institu-
tion between January 1, 2008, and December 31, 2023, were in-
cluded. Patients who did not survive to 3 months post-transplant
or whose graft exhibited significant structural disease at the
time of transplantation were excluded. The determination of
significant structural disease was performed on a case-by-case
basis and excluded minor abnormalities, such as atrial level
shunts or anastomotic gradients.

Control subjects were defined as patients without any episodes
of rejection during the study period, while the rejection group
included patients with > 1 episode of rejection. Acute cellular re-
jection (ACR) was classified according to the 2004 International
Society for Heart and Lung Transplantation (ISHLT) grading
system [26], and antibody-mediated rejection (AMR) was classi-
fied according to the 2013 ISHLT grading system [27]. The rejec-
tion group was further stratified into high-grade and low-grade
rejection categories. High-grade rejection was defined as ACR
Grade 2R or 3R, pathologic AMR of any grade (pAMR 1-3), or
clinical AMR (cAMR) characterized by graft dysfunction in the
presence of donor-specific antibodies (DSAs). Low-grade rejec-
tion was defined as ACR Grade 1R that was treated due to graft
dysfunction or institutional protocol.

We conducted a chart review of each transplant recipient to col-
lect baseline demographic information at the time of transplan-
tation. Recipients with documented rejection were identified
based on pathology biopsy reports. Clinical AMR events were
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similarly identified through chart review. Echocardiographic
data were extracted from final echocardiogram reports. In cases
where specific data elements were not explicitly reported, direct
image review and data collection were performed by a single in-
vestigator (SD). Echocardiographic data were collected for all pa-
tients at post-transplant baseline and the most recent follow-up.
Regurgitation severity was categorized as none, trivial, mild,
moderate, or severe, while stenosis was quantified using peak
instantaneous pressure gradients across the semilunar valves.
Myocardial function was evaluated using fractional shortening
and ejection fraction measurements obtained from echocardio-
graphic studies. The baseline echocardiogram was defined as
the earliest complete transthoracic echocardiogram performed
within 1week of transplantation. Echocardiograms performed
while a patient was on mechanical circulatory support and/or
those deemed incomplete studies were excluded.

For individuals who experienced rejection, echocardiographic
data were collected at two additional timepoints: most recent
echocardiogram preceding the first documented rejection epi-
sode and during the acute rejection episode. This was possible
since all patients receive an echocardiogram after all biopsies.
Each patient's highest-grade rejection classification and total
number of rejection episodes were also documented for subgroup
analysis. For paired analysis comparing valve function preced-
ing and during acute rejection episodes, we utilized the earliest
rejection episode for those with multiple rejection events.

Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC) and GAUSS 24.0 (Aptech Systems, Maple
Valley, WA). Categorical variables were compared using the
Chi-squared test, while continuous variables were analyzed
using the Wilcoxon rank-sum test for non-parametric data.
Paired data were evaluated using the paired t-test for continuous
variables and McNemar's test for categorical variables. A p-value
of <0.05 was considered statistically significant for all analyses.

3 | Results

There were 118 patients who underwent OHT at our institution
between 2008 to 2023. Four patients died before a 3-month fol-
low-up period and were excluded from analysis. One additional
patient was excluded because of structural heart disease identi-
fied in the graft immediately post-transplant, characterized by
dynamic left ventricular outflow tract obstruction that limited
analysis of baseline aortic valve function.

Baseline data were compared between the non-rejection and rejec-
tion groups (Table 1). The rejection group was older, with a higher
proportion of males, and had a larger proportion of individuals
with a detectable calculated panel reactive antibody (cPRA) level
as compared to the non-rejection group. The groups had similar
degrees of semilunar valve stenosis and a similar distribution of
semilunar valve regurgitation classification at baseline.

Fifty-seven patients had at least one episode of rejection, of
which 32 patients had at least one episode classified as high-
grade. There were a total of 87 rejection events with a median
time to rejection of 38days. Among those with rejection, 37
patients had only one episode of rejection, 13 patients had two

TABLE1 | Demographics and baseline valve function.
Rejection
Control n=56 n=>57 P
Age at 0.8 (0.4-5.2) 6.2 <0.001
transplant (1.1-14.1)
(years)
Gender 32 (57%) 17 (30%) 0.010
(female)
Congenital 37 (66%) 29 (51%) 0.101
heart disease
Number 2 (1.5-3) 2 (1-3) 0.435
of cardiac
surgeries
Patients with 4 (7%) 12 (21%) 0.034
Detectable
cPRA %
AS (mmHg) 4.0 (2.4-6.0) 4.0 0.589
(3.0-6.0)
AR
None 3(5%) 2 (4%) 0.529
Trivial 1(2%) 0(0%)
Mild 0 0
Moderate 0 0
Severe 0 0
PS (peak 4.1 (1.6-7.9) 4.1 0.610
gradient) (2.0-8.2)
(mmHg)
PR
None 46 (84%) 48 (84%) 0.997
Trivial 6 (11%) 6 (11%)
Mild 3(5%) 3 (5%)
Moderate 0 0
Severe 0 0

Note: Data are presented as median (interquartile range) for numeric variables or
n (%) for categorical variables.

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; cPRA, calculated
panel reactive antibody; PR, pulmonary regurgitation; PS, pulmonary stenosis.

episodes, five patients had three episodes, one patient had four
episodes, and another had five episodes of rejection. Within the
high-grade rejection group, 18 (40%) had ISHLT Grade 2R, 3
(5%) had ISHLT Grade 3R, 8 had cAMR (14%), and 3 (5%) had
pPAMR. Within pAMR, 1 patient had pAMRI1, 1 patient had
PAMR2, and 1 patient had pAMR3.

The primary outcome comparison of semilunar valve function
at the most recent follow-up between these groups is displayed
in Table 2. There was not a significant difference in median
aortic or pulmonary valve gradient between groups. There was
not a significant difference in the severity of aortic regurgitation
between groups at follow-up. There was a higher proportion of
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TABLE 2 | Follow up valve function.
Control n=56 Rejection n=57 P High-grade rejection n=32 4
Follow up (years) 3.56 (1.01-5.98) 3.84(1.88-5.84) 0.928 2.91 (1.30-5.69) 0.667
AS (mmHg) 4.0 (3.0-5.0) 4.6 (4.0-5.0) 0.081 4.0 (4.0-5.2) 0.232
AR
None 50 (89%) 51 (89%) 0.472 28 (88%) 0.700
Trivial 3 (5%) 5(9%) 3(9%)
Mild 3(5%) 1(2%) 1(3%)
Moderate 0 0 0
Severe 0 0 0
PS (mmHg) 4.0 (3.0-5.5) 4.5(3-5.3) 0.746 4.1(3.0-5.3) 0.758
PR
None 36 (64%) 19 (33%) 0.003 12 (38%) 0.029
Trivial 17 (30%) 35 (61%) 19 (59%)
Mild 3 (5%) 3 (5%) 1 (3%)
Moderate 0 0 0
Severe 0 0 0
Note: Data are presented as median (interquartile range) for numeric variables or n (%) for categorical variables.
Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; PR, pulmonary regurgitation; PS, pulmonary stenosis.
patients with trivial pulmonary insufficiency in the rejection TABLE 3 | Paired analysis of valve function.
group. The groups had equivalent rates of mild pulmonary re- X X
o . L Preceding During
gurgitation, and there were no patients in either group who had o L.
s rejection rejection P
moderate or severe pulmonary regurgitation.
AS (mmHg) 4.0 (3.0-6.0) 3.0 (3.0-5.0) 0.001
Further subgroup analysis compared valve function at the most AR
recent follow up between the non-rejection and high-grade re-
jection groups (Table 2). There were no significant differences None 50 (93%) 51 (94%) 0.564
in aort'lc VE?IVC. stenosis, aortic reg}lrg{tatlon, or pulmon'ary valve Trivial 4(7%) 3(6%)
stenosis. Similar to the larger rejection cohort, the high-grade
rejection subgroup demonstrated a higher proportion of trivial Mild 0 0
pulmonary regurgitation. There was a lower proportion of mild PS (mmHg) 47 (2.7-8.0) 4.0 (2.0-7.8) 0.148
pulmonary regurgitation in the high-grade rejection group, and
neither group demonstrated moderate or severe semilunar valve PR
regurgitation. None 46 (85%) 36 (67%) 0.004
In the subgroup of seven patients who had three or more rejec- Trivial 8 (15%) 18 (33%)
tion episodes, five had trivial pulmonary regurgitation at fol- Mild 0 0

low-up, and one patient with five rejection episodes had mild
aortic regurgitation. None of these patients experienced changes
in their pulmonary or aortic valve gradients.

We further analyzed the rejection group through paired anal-
ysis comparing patients' valve function immediately preceding
rejection to during rejection (Table 3). Patients experienced
a minimal decrease in aortic valve gradient during rejection.
There was no significant change in pulmonary valve gradient
or aortic valve regurgitation before vs. during rejection. There
was a significant increase in the proportion of patients with triv-
ial pulmonary regurgitation during rejection compared to their
pre-rejection baseline (33% versus 15%, p=0.004).

Note: Data are presented as median (interquartile range) for numeric variables or
n (%) for categorical variables.

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; PR, pulmonary
regurgitation; PS, pulmonary stenosis.

The primary outcome comparison was repeated on a sub-
group of patients who were transplanted at less than 1year of
age (Table 4). The median time to rejection was 67 days (IQR
34-374). There was not a significant difference in aortic valve
stenosis, aortic regurgitation, or pulmonary valve stenosis be-
tween groups. Similar to the larger cohort, pulmonary regur-
gitation classification distribution differed between groups at
follow-up, with a larger proportion of infants with rejection
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TABLE 4 | Subgroup analysis of patients transplanted in infancy.

Control Rejection
n=32 n=14 4

Follow up 3.90 3.83 0.726
(years) (1.02-5.90) (2.05-7.84)
AS (mmHg) 4.0 (3.0-5.0) 4.5 (4.0-6.0) 0.178
AR

None 28 (88%) 12 (86%) 0.450

Trivial 2 (6%) 2 (14%)

Mild 2(6%) 0 (0%)
PS (mmHg) 4.4 (3.0-6.2) 4.6 (4.0-5.3) 0.998
PR

None 25 (78%) 5 (36%) 0.006

Trivial 7 (22%) 9 (64%)

Mild 0 0

Note: Data are presented as median (interquartile range) for numeric variables or
n (%) for categorical variables.

Abbreviations: AR, aortic regurgitation; AS, aortic stenosis; PR, pulmonary
regurgitation; PS, pulmonary stenosis.

experiencing trivial pulmonary regurgitation. However, no
patients in either group experienced mild or greater pulmo-
nary regurgitation.

4 | Discussion

This study demonstrates that semilunar valve function re-
mains largely unaffected by graft rejection following OHT.
Over a median follow-up period of nearly 4 years, stable valve
function was observed across all patient groups, including
those experiencing high-grade rejection and multiple rejec-
tion episodes. Importantly, no patients exhibited clinically
significant semilunar valve dysfunction during rejection ep-
isodes. Furthermore, patients transplanted during infancy,
the population with the greatest valvar growth potential, did
not demonstrate increased valve gradients after rejection, sug-
gesting the valve annulus grew sufficiently to accommodate
increasing cardiac output with somatic growth. This data
provides a clinical correlate to previously described histologic
findings demonstrating semilunar valves maintain cellular
integrity and architecture with minimal immune cell infiltra-
tion in heart transplant recipients who experienced rejection
episodes [22, 28].

Our results are consistent with findings from McVadon et al.
who reported similar outcomes in a smaller cohort of 17 OHT
recipients with 31 rejection events after a 3-month follow-up
period. However, the study lacked a control group for com-
parison and included only five patients with ISHLT Grade
2R rejection or higher, limiting its ability to compare against
the natural history of valve function after transplantation or
stronger immune activation [29]. Our study expands on these
findings by assessing a larger cohort size, a higher proportion
of high-grade rejection, longer follow-up duration, as well as

assessment of infant recipients who are most vulnerable to
stunted annular growth.

There are several proposed mechanisms by which semilunar
valve allografts maintain function despite immune system
activation. These include intrinsic properties of valve tissue
such as low antigenicity of valve leaflets, altered immune cell
chemotaxis, as well as diminished immune cell response sec-
ondary to reduced costimulatory molecules within valvar in-
terstitial cells [15]. Additionally, the physiologic consequences
of their anatomical position are another proposed mechanism
by which they achieve a relative degree of immune privilege.
Semilunar valves are in constant motion with high-pressure
blood flow which potentially reduces immune cell chemotaxis
and extravasation.

While statistically significant, the increase in the proportion of
patients with trivial pulmonary regurgitation does not repre-
sent a clinically meaningful change in valve function. Current
ISHLT guidelines for the care of transplant recipients do not
consider pulmonary valve regurgitation an indication for treat-
ment escalation or rejection management in OHT recipients
[30]. Additionally, extrapolation from management guidelines
for Tetralogy of Fallot repairs or adult pulmonary valve disease
[21, 31], indicates pulmonary regurgitation is not hemodynami-
cally significant unless also accompanied by symptoms, reduced
cardiac function, progressive right ventricular enlargement, or
an increased risk of arrhythmia, which is not associated with
trivial regurgitation [32].

To elucidate the effect of the acute inflammatory state on semi-
lunar valve function, we conducted a paired analysis compar-
ing valve function before and during the first acute rejection
episode. This approach mitigates potential confounding ef-
fects from rejection treatments on sustained valve dysfunction.
Consistent with our primary findings, higher rates of trivial pul-
monary regurgitation were observed during acute rejection ep-
isodes. However, no cases of mild or greater regurgitation were
identified for either semilunar valve.

Current immunosuppression strategies in partial heart trans-
plants are modeled after those used in standard OHTs [12].
However, our study lends support to the growing understand-
ing that semilunar valves may possess a degree of immune
privilege. We observed that even years after rejection episodes,
these valves continue to function without clinically significant
stenosis or regurgitation, suggesting that the intensive immu-
nosuppression regimens required for graft protection in OHT
may not be necessary for semilunar valve protection in PHT.
Since rejection episodes are typically managed with augmented
immunosuppression after detection, we cannot reliably evalu-
ate the impact of prolonged untreated rejection on semilunar
valve function. Nevertheless, our analysis during acute rejec-
tion periods and long-term follow-up, including in those with
multiple rejection episodes, demonstrates these valves remain
functional. Given the known risks associated with immunosup-
pression, a more judicious approach to its use following PHT
may be warranted [17]. Future studies assessing PHT outcomes
with reduced immunosuppression are essential to determine the
optimal medical regimen to protect valve function while mini-
mizing adverse side effects of these medications. This strategy
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has the potential to transform care for children with irreparable
semilunar valve dysfunction.

5 | Limitations

Our study has limitations inherent to the retrospective design,
which introduces the potential for missing or incomplete data.
To address this, baseline echocardiographic studies with miss-
ing data were excluded, while follow-up studies with incomplete
data were individually reviewed to maximize completeness.
However, all baseline echocardiographic studies included for
baseline assessment were completed within 1 week of transplan-
tation. An additional limitation is the non-blinded nature of the
reviewer, which could introduce bias. However, the measure-
ments that were reviewed were quantifiable Doppler gradients
and not the more subjective qualitative descriptions of regurgita-
tion. Our institutional practice requires that valve regurgitation
be quantified in echocardiogram reports, resulting in minimal
missing data for this variable. Valve gradients were less fre-
quently reported, particularly when within normal ranges.

6 | Conclusion

This study provides important insight into the function of semi-
lunar valves following rejection in OHT recipients. Over a me-
dian follow-up of nearly 4years, no patients exhibited clinically
significant stenosis or regurgitation. Valve function remained
stable even in those with high-grade rejection, multiple rejection
episodes, and in infants. These findings support the hypothesis
of immune privilege and suggest that less intensive immunosup-
pression regimens may be adequate after PHT.

Acknowledgments

The authors have nothing to report.

Disclosure

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. R. Henaine, F. Roubertie, M. Vergnat, and J. Ninet, “Valve Replace-
ment in Children: A Challenge for a Whole Life,” Archives of Cardio-
vascular Diseases 105, no. 10 (2012): 517-528, https://doi.org/10.1016/j.
acvd.2012.02.013.

2. P. O. Myers, S. A. Mokashi, E. Horgan, et al., “Outcomes After Me-
chanical Aortic Valve Replacement in Children and Young Adults With
Congenital Heart Disease,” Journal of Thoracic and Cardiovascular
Surgery 157, no. 1 (2019): 329-340, https://doi.org/10.1016/j.jtcvs.2018.
08.077.

3. R. K. Woods, S. K. Pasquali, M. L. Jacobs, et al., “Aortic Valve Re-
placement in Neonates and Infants: An Analysis of the Society of Tho-
racic Surgeons Congenital Heart Surgery Database,” Journal of Thoracic
and Cardiovascular Surgery 144, no. 5 (2012): 1084-1090, https://doi.
0rg/10.1016/j.jtcvs.2012.07.060.

4.T. K. Rajab, “Evidence-Based Surgical Hypothesis: Partial Heart
Transplantation Can Deliver Growing Valve Implants for Congenital
Cardiac Surgery,” Surgery 169, no. 4 (2021): 983-985, https://doi.org/10.
1016/j.surg.2020.07.051.

5. H. Konsek, C. Sherard, C. Bisbee, L. Kang, J. W. Turek, and T. K.
Rajab, “Growing Heart Valve Implants for Children,” Journal of Cardio-
vascular Development and Disease 10, no. 4 (2023): 148, https://doi.org/
10.3390/jcdd100401438.

6. S. Fukushima, P. J. Tesar, B. Pearse, et al., “Long-Term Clinical Out-
comes After Aortic Valve Replacement Using Cryopreserved Aortic
Allograft,” Journal of Thoracic and Cardiovascular Surgery 148, no. 1
(2014): 38, https://doi.org/10.1016/j.jtcvs.2013.07.038.

7.R. E. Shaddy and J. A. Hawkins, “Immunology and Failure of Valved
Allografts in Children,” Annals of Thoracic Surgery 74, no. 4 (2002):
1271-1275, https://doi.org/10.1016/S0003-4975(02)03885-7.

8.J. S. Donald, F. R. O. Wallace, P. S. Naimo, et al., “Ross Operation
in Children: 23-Year Experience From a Single Institution,” Annals of
Thoracic Surgery 109, no. 4 (2020): 1251-1259, https://doi.org/10.1016/j.
athoracsur.2019.10.070.

9. B. M. Fadel, C. Manlhiot, Z. Al-Halees, et al., “The Fate of the Neoaor-
tic Valve and Root After the Modified Ross-Konno Procedure,” Journal
of Thoracic and Cardiovascular Surgery 145, no. 2 (2013): 4, https://doi.
0rg/10.1016/j.jtcvs.2012.07.004.

10. E. M. Delmo Walter, M. Huebler, C. Stamm, et al., “Adaptive Growth
and Remodeling of Transplanted Hearts in Children,” European Jour-
nal of Cardio-Thoracic Surgery 40, no. 6 (2011): 1374-1382, https://doi.
org/10.1016/j.ejcts.2011.04.033.

11.J. W. Turek, L. Kang, D. M. Overbey, M. P. Carboni, and T. K. Rajab,
“Partial Heart Transplant in a Neonate With Irreparable Truncal Valve
Dysfunction,” JAMA 331, no. 1 (2024): 60-64, https://doi.org/10.1001/
jama.2023.23823.

12. T. K. Rajab, B. Ochoa, K. Zilinskas, et al., “Partial Heart Trans-
plantation for Pediatric Heart Valve Dysfunction: A Clinical Trial
Protocol,” PLoS One 18 (2023): 163, https://doi.org/10.1371/journal.
pone.0280163.

13. T. K. Rajab, A. D. Vogel, V. S. Alexander, K. G. M. Brockbank, and
J. W. Turek, “The Future of Partial Heart Transplantation,” Journal of
Heart and Lung Transplantation 43, no. 6 (2024): 863-865, https://doi.
org/10.1016/j.healun.2024.02.010.

14. V. S. Alexander, A. D. Vogel, Z. T. Silvano, H. Javed, A. Mitta, and
T. K. Rajab, “Organizational Challenges for Partial Heart Transplanta-
tion,” Future Cardiology 20, no. 13 (2024): 719-728, https://doi.org/10.
1080/14796678.2024.2404775.

15. M. A. Hill, J. H. Kwon, B. Gerry, et al., “Immune Privilege of Heart
Valves,” Frontiers in Immunology 12 (2021): 731361, https://doi.org/10.
3389/fimmu.2021.731361.

16. A. D. Vogel, J. H. Kwon, A. Mitta, C. Sherard, K. G. M. Brockbank,
and T. K. Rajab, “Immunogenicity of Homologous Heart Valves: Mech-
anisms and Future Considerations,” Cardiology in Review 32, no. 5
(2024): 385-391, https://doi.org/10.1097/CRD.0000000000000519.

17. E. A. Hayes, D. Koehl, R. Cantor, et al., “Long-Term Survival in Chil-
dren Following Heart Transplantation,” Pediatric Transplantation 29,
no. 2 (2025): 70042, https://doi.org/10.1111/petr.70042.

18. T. P. Singh, W. S. Cherikh, E. Hsich, et al., “The International Tho-
racic Organ Transplant Registry of the International Society for Heart
and Lung Transplantation: Twenty-Fifth Pediatric Heart Transplanta-
tion Report—2022; Focus on Infant Heart Transplantation,” Journal of

6 of 7

Pediatric Transplantation, 2025


https://doi.org/10.1016/j.acvd.2012.02.013
https://doi.org/10.1016/j.acvd.2012.02.013
https://doi.org/10.1016/j.jtcvs.2018.08.077
https://doi.org/10.1016/j.jtcvs.2018.08.077
https://doi.org/10.1016/j.jtcvs.2012.07.060
https://doi.org/10.1016/j.jtcvs.2012.07.060
https://doi.org/10.1016/j.surg.2020.07.051
https://doi.org/10.1016/j.surg.2020.07.051
https://doi.org/10.3390/jcdd10040148
https://doi.org/10.3390/jcdd10040148
https://doi.org/10.1016/j.jtcvs.2013.07.038
https://doi.org/10.1016/S0003-4975(02)03885-7
https://doi.org/10.1016/j.athoracsur.2019.10.070
https://doi.org/10.1016/j.athoracsur.2019.10.070
https://doi.org/10.1016/j.jtcvs.2012.07.004
https://doi.org/10.1016/j.jtcvs.2012.07.004
https://doi.org/10.1016/j.ejcts.2011.04.033
https://doi.org/10.1016/j.ejcts.2011.04.033
https://doi.org/10.1001/jama.2023.23823
https://doi.org/10.1001/jama.2023.23823
https://doi.org/10.1371/journal.pone.0280163
https://doi.org/10.1371/journal.pone.0280163
https://doi.org/10.1016/j.healun.2024.02.010
https://doi.org/10.1016/j.healun.2024.02.010
https://doi.org/10.1080/14796678.2024.2404775
https://doi.org/10.1080/14796678.2024.2404775
https://doi.org/10.3389/fimmu.2021.731361
https://doi.org/10.3389/fimmu.2021.731361
https://doi.org/10.1097/CRD.0000000000000519
https://doi.org/10.1111/petr.70042

Heart and Lung Transplantation 41, no. 10 (2022): 1357-1365, https://
doi.org/10.1016/j.healun.2022.07.019.

19.J. W. Rossano, T. P. Singh, W. S. Cherikh, et al., “The International
Thoracic Organ Transplant Registry of the International Society for
Heart and Lung Transplantation: Twenty-Second Pediatric Heart
Transplantation Report—2019; Focus Theme: Donor and Recipient Size
Match,” Journal of Heart and Lung Transplantation 38, no. 10 (2019):
1028-1041, https://doi.org/10.1016/j.healun.2019.08.002.

20. M. M. John, A. J. Razzouk, R. E. Chinnock, et al., “Primary Trans-
plantation for Congenital Heart Disease in the Neonatal Period:
Long-Term Outcomes,” Annals of Thoracic Surgery 108, no. 6 (2019):
1857-1864, https://doi.org/10.1016/j.athoracsur.2019.06.022.

21. K. K. Stout, C. J. Daniels, J. A. Aboulhosn, et al., “2018 AHA/ACC
Guideline for the Management of Adults With Congenital Heart Dis-
ease: A Report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines,” Circulation
139, no. 14 (2019): 603, https://doi.org/10.1161/CIR.0000000000000603.

22.R. N. Mitchell, R. A. Jonas, and F. J. Schoen, “Pathology of Ex-
planted Cryopreserved Allograft Heart Valves: Comparison With Aortic
Valves From Orthotopic Heart Transplants,” Journal of Thoracic and
Cardiovascular Surgery 115, no. 1 (1998): 118-127, https://doi.org/10.
1016/S0022-5223(98)70450-7.

23.J. A. Hawkins, J. P. Breinholt, L. M. Lambert, et al., “Class I and
Class II Anti-HLA Antibodies After Implantation of Cryopreserved
Allograft Material in Pediatric Patients,” Journal of Thoracic and Car-
diovascular Surgery 119, no. 2 (2000): 324-330, https://doi.org/10.1016/
S0022-5223(00)70188-7.

24. M. J. P. Welters, F. B. S. Oei, M. D. Witvliet, et al., “A Broad and
Strong Humoral Immune Response to Donor HLA After Implantation
of Cryopreserved Human Heart Valve Allografts,” Human Immunology
63, no. 11 (2002): 1019-1025, https://doi.org/10.1016/s0198-8859(02)
00441-x.

25. R. Dignan, M. O'Brien, P. Hogan, et al., “Influence of HLA Matching
and Associated Factors on Aortic Valve Homograft Function,” Journal
of Heart Valve Disease 9, no. 4 (2000): 504-511.

26. S. Stewart, G. L. Winters, M. C. Fishbein, et al., “Revision of the 1990
Working Formulation for the Standardization of Nomenclature in the
Diagnosis of Heart Rejection,” Journal of Heart and Lung Transplanta-
tion 24, no. 11 (2005): 1710-1720, https://doi.org/10.1016/j.healun.2005.
03.019.

27. G.J. Berry, M. M. Burke, C. Andersen, et al., “The 2013 International
Society for Heart and Lung Transplantation Working Formulation for
the Standardization of Nomenclature in the Pathologic Diagnosis of
Antibody-Mediated Rejection in Heart Transplantation,” Journal of
Heart and Lung Transplantation 32, no. 12 (2013): 1147-1162, https://
doi.org/10.1016/j.healun.2013.08.011.

28. M. Valante, G. Faggian, M. E. Billingham, et al., “The Aortic Valve
After Heart Transplantation,” Annals of Thoracic Surgery 60, no. Suppl.
2 (1995): S135-S140, https://doi.org/10.1016/0003-4975(95)00251-F.

29. D. H. McVadon, W. A. Hardy, K. A. Boucek, et al., “Effect of Cardiac
Graft Rejection on Semilunar Valve Function: Implications for Heart
Valve Transplantation,” Cardiology in the Young 33, no. 8 (2023): 1401-
1408, https://doi.org/10.1017/S104795112200258X.

30. A. Velleca, M. A. Shullo, K. Dhital, et al., “The International Society
for Heart and Lung Transplantation (ISHLT) Guidelines for the Care
of Heart Transplant Recipients,” Journal of Heart and Lung Transplan-
tation 42, no. 5 (2023): el-el41, https://doi.org/10.1016/j.healun.2022.
10.015.

31. H. Baumgartner, J. De Backer, S. V. Babu-Narayan, et al., “2020 ESC
Guidelines for the Management of Adult Congenital Heart Disease,” Eu-
ropean Heart Journal 42, no. 6 (2021): 563-645, https://doi.org/10.1093/
eurheartj/ehaa554.

32. T. Geva, “Indications for Pulmonary Valve Replacement in Repaired
Tetralogy of Fallot,” Circulation 128, no. 17 (2013): 1855-1857, https://
doi.org/10.1161/CIRCULATIONAHA.113.005878.

7 0of 7


https://doi.org/10.1016/j.healun.2022.07.019
https://doi.org/10.1016/j.healun.2022.07.019
https://doi.org/10.1016/j.healun.2019.08.002
https://doi.org/10.1016/j.athoracsur.2019.06.022
https://doi.org/10.1161/CIR.0000000000000603
https://doi.org/10.1016/S0022-5223(98)70450-7
https://doi.org/10.1016/S0022-5223(98)70450-7
https://doi.org/10.1016/S0022-5223(00)70188-7
https://doi.org/10.1016/S0022-5223(00)70188-7
https://doi.org/10.1016/s0198-8859(02)00441-x
https://doi.org/10.1016/s0198-8859(02)00441-x
https://doi.org/10.1016/j.healun.2005.03.019
https://doi.org/10.1016/j.healun.2005.03.019
https://doi.org/10.1016/j.healun.2013.08.011
https://doi.org/10.1016/j.healun.2013.08.011
https://doi.org/10.1016/0003-4975(95)00251-F
https://doi.org/10.1017/S104795112200258X
https://doi.org/10.1016/j.healun.2022.10.015
https://doi.org/10.1016/j.healun.2022.10.015
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1093/eurheartj/ehaa554
https://doi.org/10.1161/CIRCULATIONAHA.113.005878
https://doi.org/10.1161/CIRCULATIONAHA.113.005878

	Semilunar Valve Function After Rejection in Heart Transplant Recipients: Implications for Partial Heart Transplantation
	ABSTRACT
	1   |   Introduction
	2   |   Methods
	3   |   Results
	4   |   Discussion
	5   |   Limitations
	6   |   Conclusion
	Acknowledgments
	Disclosure
	Conflicts of Interest
	Data Availability Statement
	References


