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Abstract

Tetralogy of Fallot with absent pulmonary valve (TOF-APV) is a rare form of tetralogy with
unique challenges due to the combination of pulmonary annular stenosis, severe pulmonary
regurgitation, and airway compression secondary to aneurysmal dilatation of the pulmonary
arteries. Data on the long-term outcomes of repaired TOF-APV are scarce. We used the Pediatric
Cardiac Care Consortium (PCCC), a large US-based registry, to describe the postrepair transplant-
free survival of patients with TOF-APV. We queried the PCCC for patients operated for TOF-APV
between 1982 and 2003. Death or transplant events were ascertained from the PCCC and by
linkage with the US National Death Index and the Organ Procurement Transplantation Network
through December 2019. A total of 126 patients were identified with TOF-APV repair (primary

n =119, staged n = 7). The majority of them were repaired with a right ventricular to pulmonary
artery conduit (n = 80, 64%) and 43 (34%) with transannular patch. In-hospital mortality occurred
in 31 patients (25%); post discharge and over a median period of 19 years (IQR 0.37 to 23.7
years), 5 patients died and 2 underwent heart transplant, one of whom subsequently died. The
25-year transplant-free survival post discharge after TOF-APV repair was 92%, which was similar
with the outcome of patients with simple TOF undergoing non-valve sparing procedures (94%
log-rank test p = 0.455; aHR 1.37; 95% CI: 0.63 to 2.97, p = 0.432). In conclusion, early
in-hospital mortality is high for TOF-APV; however, once repaired and survived to discharge, long
term survival is similar to simple TOF with non-valve sparing procedures.
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Tetralogy of Fallot with absent pulmonary valve (TOF-APV) accounts for approximately

3% to 6% of patients with TOF.12 First described by Chevers in 1847, TOF-APV,

is characterized by severe regurgitation secondary to absent or rudimentary pulmonary
valve, pulmonary annular stenosis and aneurysmal dilation of the main pulmonary trunk

and branch pulmonary arteries in addition to the other anatomic features of TOF.3

Airway obstruction due to tracheobronchial compression results from dilation of the main
pulmonary artery and branch pulmonary arteries contributing to the significant morbidity
and mortality of these patients.* To date, there are limited data on the long-term outcomes

of TOF-APV from largely non-US cohorts with national health registries.>-2 Some single
center reports.10-14 are limited by selection bias and institution-based treatment strategies.
While valuable, the currently existing data does not adequately capture the experience in

the United States due to lack of sufficient number of patients and follow up time for
evaluation of long-term survival. In this study, we use the Pediatric Cardiac Care Consortium
(PCCCQ), a large US-based registry of interventions for pediatric heart diseases to describe
the in-hospital and long-term survival outcomes following TOF-APV repair on patients
enrolled between 1982 and 2003.15-17 Matching of the PCCC to the National Death Index
(NDI) and the Organ Procurement and Transplantation Network (OPTN) registries extends
up to 2019 the prospective follow up time period, thus creating one of the largest and longest
studies of this rare condition.18:19

This is a retrospective cohort study using data from 32 US centers enrolling patients in the
PCCC, which were enriched with prospective data from the NDI and OPTN. The OPTN
includes data on all donors, wait-listed candidates, and transplant recipients in the US. The
Health Resources and Services Administration and US Department of Health and Human
Services provide oversight to OPTN contractors. The study was approved by the institutional
review boards of Emory University, University of Minnesota, and the NDI and OPTN
registries.

The PCCC was queried for patients with the diagnosis of TOF-APV. Manual review of
operative records of all patients was performed to confirm the diagnosis of TOF-APV

which was absence of a functioning pulmonary valve at the first operative report. The

PCCC was also queried for a comparison cohort of patients operated for simple TOF

(i.e., excluding pulmonary atresia, APV or atrioventricular canal) within the same period.
Surgical codes within the PCCC were used to determine the operation for surgical treatment.
Inclusion criteria were: (1) surgery performed at a US center, (2) available full set of
identifiers to allow reliable linkage with the NDI/OPTN registries, (3) repair before 21 years
of age, (4) first surgery performed prior to 3 years of age, (5) US residency at time of
enrollment in the PCCC, and (6) patients with primary repair after January 1, 1982. Patients
enrolled after April 15, 2003 were excluded for long-term outcome analysis due to lacking
direct identifiers after the implementation of the stricter Health Insurance Portability and
Affordability Act (HIPAA).

We collected the following variables: gender, age group at repair (neonates: <28 days of age,
infants 28 days to <1 year, children 1 year to <21 years of age), era of repair by tertile (1982
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to 1993, 1994 to 1998, and 1999 to 2003), details of cardiac diagnosis, surgical staging
(primary vs staged repair), surgery type [Right ventricle to Pulmonary artery (RV-PA)
conduit, transannular patch (TAP), as well as performance of pulmonary artery plication or
reduction], and presence of genetic syndrome. Type of surgical repair were assigned by the
respective PCCC surgical codes and manual review of the operative notes were performed.

Death or transplant events were ascertained from the PCCC for events occurring during
hospitalization to a PCCC center and by matching identifiers with the NDI and OPTN
records through December 31, 2019. Records submitted to the NDI and OPTN included first
name, middle initial (when available), surname, date of birth, gender, state of last known
residence and state of birth. Underlying or contributing (multiple) causes of death (COD)
were obtained from the NDI-Plus as reported on the death certificate using International
Classification of Disease-9 or 10 (ICD-9 or 10) codes to assign deaths into categories as
previously reported.19:20

Descriptive statistics were presented as counts with percentages for categorical variables and
median with inter-quartile range (IQR) for continuous variables with skewed distributions.
Comparisons between groups of interest were performed using Fisher’s exact test for
categorical variables, t-test for continuous variables and Kruskal Wallis 1-way analysis of
variance for comparison between 3 groups. Kaplan-Meier curves were created and log-rank
tests were used to compare the long-term transplant-free survival after surgery for TOF-APV
versus simple TOF. Hazard ratios (HRs) for transplant or death with 95% confidence
intervals (CI) and p-values were computed using Cox’s regression models. Adjusted hazard
ratios (aHR) were calculated taking into account potential risk factors such as age, surgical
era, gender and presence of genetic condition. The proportionality of hazards was checked
for each covariate. p-value less than 0.05 was considered statistically significant. Analyses
was performed using SAS Version 9.4 (Cary, NC).

The PCCC query for patients with TOF-APV revealed 143 patients that met inclusion
criteria, of which, 130 met the diagnostic criteria. Among them, 22% patients had an
underlying genetic condition, most commonly DiGeorge syndrome (DGS) which accounted
for 20% of the whole cohort. Primary repair was pursued in 119 patients, while 11
underwent a staged approach with a shunt including 4 patients that died before having a
complete repair (Figure 1). Eight of the 11 patients with shunt palliation were neonates,
including the 4 patients with in-hospital death. There was a near equal gender distribution
within the cohort. During the same era, a total of 2,643 patients underwent surgical repair
for simple TOF with (TOF-VS) or without pulmonary valve sparing (TOF-NVS) procedures
and met similar inclusion/exclusion criteria?L,

Complete repair among TOF-APV in PCCC was achieved in 126 patients (97%), of which,
details about the type of surgical repair were available in 123 (Table 1). Of them 43 (35%)
underwent TAP, while the rest had a RV-PA conduit; 76% underwent pulmonary artery
plication or reduction. Over the study period, there was no change in the age of repair (p

= 0.415) or the distribution between the 2 types of surgical repair (p = 0.697). Among

Am J Cardiol. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Siddeek et al.

Page 4

the patients with TOF-APV repair, in-hospital death occurred in 31 and was associated
with age group (p <0.001), and surgery type (p <0.01). There were a larger percentage

of neonates and those that underwent RV-PA conduit placement among the in-hospital
deaths. The overall in-hospital mortality for complete repair was 25%, ranging from 50%
in neonates to 15% in infants and 14% in children operated at >1 year of age. This overall
hospital mortality was higher compared to patients with simple TOF repair (5%, p <0.001).
In-hospital mortality for complete repair dropped from the 30% and 33% in the earlier eras
to 13% after 1999.

A total of 95 TOF-APV patients were discharged alive after complete repair; among them,

5 deaths and 2 heart transplants (one of them subsequently died) occurred over 19 years of
median follow up (IQR 0.37-23.7 years) for a 25-year transplant-free survival of 92% (95%
Cl: 83 to 96). During the study period a total of 64 reinterventions occurred in 47 unique
patients, most of them for RV-PA conduit replacement (50%) or pulmonary valve placement
(19%), while in the simple TOF cohort 817 reinterventions occurred in 385 unique patients
(pulmonary valve replacements: 19%, RV-PA conduit replacement: 11%). The freedom from
reintervention was 51% for those discharged after their complete repair, which is higher
when compared to the contemporary cohort with simple TOF repair that were discharged
after complete repair (385 out of 2,643 or 86%, p <0.001).

The 25-year transplant-free survival among those that underwent complete repair with TAP
was not significantly different than those that underwent RV-PA conduit (90% vs 93%
respectively, log-rank p = 0.954). Two of the deaths were attributed to the congenital heart
disease (CHD) itself and one to cerebrovascular disease, while 2 were reported to be due to
an infection or the underlying genetic syndrome. After considering the multiple causes of
death information and all the events that occurred in this cohort, 5 deaths were attributed
directly or indirectly to the underlying CHD, 2 deaths were attributed directly or indirectly
to the presence of an infectious process (of which one of these events occurred in a patient
with DGS) and 3 events (including the 2 transplants) were attributed to congestive heart
failure. Deaths after complete repair occurred from 8 months of age to 22.5 years of age.

Survival comparison of the TOF-APV cohort with the simple TOF-NVS subgroup did not
reveal significant difference (94%, log-rank p = 0.455), but was lower than the survival
experience in the simple TOF-VS subgroup (97%, log rank p = 0.014) (Figure 2 and Table
2). Multivariable analysis with adjustment for other covariates (age, gender, surgical era
and genetic condition) potentially affecting the risk for earlier mortality or transplant did
not change this conclusion. More specifically, the adjusted hazard ratio (aHR) of TOF-APV
versus simple TOF-NVS for death or transplant within the study period was 1.37 (95% CI:
0.63 t0 2.97, p = 0.432), while the TOF-APV versus simple TOF-VS aHR was 2.62 (95%
Cl: 1.14 t0 6.02, p = 0.024). The number of events is too small for a meaningful analysis of
those covariates as risk factors for death or transplant.

Discussion

In this large multi-center cohort of patients operated between 1982 and 2003, we found
high in-hospital mortality especially among neonates who needed a staged approach, which
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suggests that they may have a more severe form of the disease requiring palliation prior
to complete repair. Conditioning survival to discharge, however, reveals a 25-year post
repair survival for patients with TOF-APV of 92%, which is lower than the survival of

a contemporary cohort of simple TOF (97%), but not much different when compared to
the more relevant subgroup of the simple TOF with non-valve sparing procedures (94%).
These findings suggest that the additional morbidity associated with TOF-APV (such as
airway complications), although important for the immediate postoperative survival, does
not increase the long-term risk beyond what is expected in cases of simple TOF without a
functional pulmonary valve.?1

Our study reflects outcomes over a 20-year period (1982 to 2003) from multiple institutions
within the US, during which many changes occurred in the management of patients with
CHD. In this dataset there was no significant change in the surgical approach or the age

of repair over the study period. Therefore, the drop of in-hospital survival after 1999 most
likely reflects improvement in immediate perioperative care and better understanding of
disease pathology rather than changes in surgical approach.%12:22.23 |n terms of long term
mortality, the previously published studies in the US and elsewhere®22 report an almost
80% survival over a follow up period of 10 to 15 years. Our study extends the follow up
experience with this lesion by 10 to 15 years over the longest available follow up time.
Ongoing advances in medical care will continue to improve the outcome of these patients
particularly during the immediate postoperative period, but the observed postrepair survival
in this cohort is very reassuring for the patients with TOF-APV repair despite the challenges
of the immediate postoperative care. Efforts for the timely restoration of the pulmonary
valve function in this group will probably be equally beneficial for their long-term survival
as in patients with simple TOF.

Limitations of the study include its retrospective and registry-based nature, which limits the
information available for analysis. Even though, to our knowledge this is the largest reported
cohort of TOF-APV and with the longest period of follow up, the number of events is too
small for meaningful analysis of potential risk factors affecting long-term outcomes.

In conclusion, patients with TOF-APV who survive initial surgical procedure have good
long-term outcomes that are similar to simple TOF with non-sparing pulmonary valve.
Ongoing monitoring will be required to assess the effects of aging superimposed on a
background of operated TOF-APV.
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In-hospital deaths
post primary repair 29

Figurel.

In-hospital death
post shunt 4
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post staged repair 2
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[ |
Primary repair Staged approach
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Repair post shunt
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Discharged alive: N=95
-post primary repair 90
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Flowchart of PCCC cohort with Tetralogy of Fallot — Absent Pulmonary Valve (TOF-APV).
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Figure2.

Kaplan-Meier transplant-free survival plots of PCCC patients discharged alive after repair
for TOF-APV and simple TOF with valve-sparing (VS) and non-valve sparing (NVS)
procedures. Shaded areas display the 95% confidence intervals. TOF-APV versus Simple
TOF-NVS, Adjusted HR (95% Cl): 1.37 (0.63 to 2.97), p = 0.432. TOF-APV versus Simple
TOF-VS, Adjusted HR (95% CI): 2.62 (1.14 to 6.02), p = 0.024.
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