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CONGENITAL: PULMONARY VALVE
Durability of right ventricular conduits in the
Ross procedure
Karen B. Abeln, MD,a Lennart Froede, MD,a Christian Giebels, MD,a and Hans-Joachim Sch€afers, MDa,b
ABSTRACT

Background: Right ventricular (RV) conduit availability and degeneration are po-
tential limitations of the Ross procedure. Pulmonary homografts are the gold stan-
dard, but their limited availability drives the need for alternatives. The aim of this
study was to compare results of different RV conduits.

Methods: Between 1995 and 2023, 315 consecutive patients (73%males; mean age,
37 � 12 years) underwent a Ross procedure using a homograft (n ¼ 211), bovine
jugular vein (BJV) (n ¼ 34), or xenograft (n ¼ 70) as the RV conduit. The mean
follow-up was 5.7 � 6.7 years and was 96% complete (1631 patient-years).

Results: Twelve patients (homograft, n¼ 8; BJV. n¼ 3; xenograft, n¼ 1) required RV
conduit reintervention, including 4 patients within 4 years (all with homografts). Indica-
tions for reinterventionwere degeneration in 8 patients and active endocarditis in 4 pa-
tients. Reinterventions included RV conduit replacement (homograft, n¼ 3; xenograft,
n¼ 1; BJV, n¼ 2) and transcatheter valve implantation (homograft n¼ 5; BJV, n¼ 1). At
15 years, freedom from RV conduit reintervention was 88%, and freedom from reop-
erationwas 93%. Freedom from reintervention at 15 years was similar in the homograft
(89%), BJV (89%), and xenograft (100%) groups (P¼ .812). Progression of mean RV
conduit gradient was lowest for the BJV group (1.45 mmHg/year) and similar in the ho-
mograft (2.6 mm Hg/year) and xenograft (2.9 mm Hg/year) groups. Age at<18 years at
surgery (hazard ratio [HR], 1.9; P<.001) was a predictive risk factor for reintervention.
There was no difference among the RV conduit groups (HR, 1.198; P¼ .606).

Conclusions: The incidence of reintervention after 15 years is similar in recipients
of homografts, xenografts, and BJV grafts. Interestingly, homografts may fail in the
first few years, possibly related to inflammatory phenomena. Thus, the use of xeno-
grafts may be an option if homografts are not available. (J Thorac Cardiovasc Surg
2025;169:1306-14)
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The durability of homografts and
xenografts as right ventricular
conduits is similar up to 15 years
after implantation.
PERSPECTIVE
Pulmonary homografts remain the gold standard
as right ventricular conduits in the Ross proced-
ure, but retraction may lead to early reinterven-
tion. Up to 15 years postimplantation, the
durability of stentless xenografts is similar to
that of homografts. Thus, the use of xenografts
may be an option for older patients if the availabil-
ity of homografts is limited; the optimal cutoff re-
mains to be defined.

See Commentary on page 1315.
The Ross procedure has several advantages in younger
patients, including near-physiologic hemodynamics, a low
incidence of valve-related complications, and survival equiv-
alent to that of an age- and sex-matched population.1 Despite
the recent resurgence of interest in the Ross procedure, its use
remains limited.2,3 A possible explanation for this is themore
complex nature of the procedure compared to conventional
valve replacement; another relates to the need for a right
ventricular (RV) conduit. The pulmonary homograft has
been the gold standard for this purpose; however, its avail-
ability is limited in terms of both sizes and numbers, and
the option of amorewidely available RV conduit is desirable.

Although homografts are the traditional standard as RV
conduits, their durability is not always ideal. A recent study
found a relevant incidence of reintervention in the first year af-
ter surgery (3.5%/year).4 In addition, homografts degenerate
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Abbreviations and Acronyms
BJV ¼ bovine jugular vein
CI ¼ confidence interval
HR ¼ hazard ratio
IQR ¼ interquartile range
RV ¼ right ventricular
RVOT ¼ right ventricular outflow tract
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over time, and RV conduit calcification is the main late
complication necessitating reintervention, particularly in
younger patients.4 The precise mechanism of early or late
degeneration is not well known; inflammation and an immune
reaction between the host and the homograft may play a role.5

The use of decellularized homografts with the aim of reducing
inflammation6 is not yet supported by long-term data.7

The limited availability of homografts has led to a search
for alternative grafts.8,9 When interpreting results of different
studies, one must differentiate between pediatric patients
(with expected somatic postoperative growth) and adults.
Few studies have investigated the use of porcine stentless
aortic prostheses in adults.9-12 In 3 studies, the results were
generally comparable with those of pulmonary
homografts.11-13 In 1 study, a higher probability of xenograft
dysfunction was observed owing to the development of a
stricture at the proximal suture line when an autologous
pericardial sleeve was interpositioned between the xenograft
and the RV outflow tract (RVOT).10 Interestingly, gradients
tended to be somewhat lower with xenograft valves. Bovine
jugular vein (BJV) has been used as an alternative RV conduit
for the Ross procedure, and is readily available in awide range
of sizes up to 22 mm.

For theRoss procedure,we have followed a policy of obtain-
ing a homograft for elective procedures. If surgery was urgent
and a homograftwas not available,we resorted to an alternative
conduit. Over time, we were positively impressed by the low
incidence of degeneration with the alternative conduits.

The aim of this study was to review our long-term expe-
rience with different RV conduits (pulmonary homograft,
stentless xenograft, BJV) in the Ross procedure. Primary
endpoints were survival and freedom from reintervention;
secondary endpoints were predictors for conduit dysfunc-
tion and progression of degeneration.
METHODS
This study was approved by the Saarland Regional Ethics Committee

(CEP 203/19; approved May 15, 2018). Individual patient consent was

waived for the analysis and publication in an anonymized fashion.
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Patients
We conducted a retrospective analysis of patients who underwent a Ross

procedure at Saarland University Medical Center between December 1995

and August 2023. The use of stentless xenografts as RV conduits was intro-

duced in 1998 for adult patients without an available homograft, and they

have been used for patients age>40 years and for elective procedures since

2020. The use of BJVs was introduced in 2002.

The patients were analyzed according to RV conduit type (homograft,

BJV, or xenograft). Survival, freedom from reoperation, and mean RV

conduit gradient were compared across the 3 groups. In a further analysis,

adult patients were compared with pediatric patients.

Criteria for RV Conduit Reintervention
In patients with RVenlargement or systolic dysfunction, with or without

pulmonary regurgitation and RV systolic pressure>35 to 40 mm Hg, right

cardiac catheterization was performed to quantify and verify RV conduit

dysfunction (relevant regurgitation and/or mean gradient �30 mm Hg

and signs of RV load). If a diagnosis of dysfunction was confirmed, patients

underwent RV conduit reintervention.

Surgical Technique
The full-root replacement technique was performed in all but 5 cases.

Technical details have been described previously, using the remnants of

the native aortic root as autologous autograft support in the majority of pa-

tients.14 The pulmonary valve was replaced with a cryopreserved pulmo-

nary homograft, a BJV (Contegra; Medtronic), or a xenograft (Freestyle

SX; Medtronic). For size determination, body surface area was taken

into account; however, the largest available conduit was systematically

used for the xenograft and homograft, to mitigate the hemodynamic impact

of homograft stenosis.

All conduits were implanted in anatomic orientation with continuous

sutures at the proximal and distal ends using 4-0 polypropylene. No mate-

rial was included in the suture on the RVOT. The coronary ostia were

placed anteriorly so that they were easily accessible for hemostasis.

Follow-up
All patients were seen regularly by their referring cardiologist or in our

clinic. Echocardiograms from our institution and from referring cardiolo-

gists were reviewed. All patients were followed prospectively both clini-

cally and echocardiographically at discharge, 3 months, 1 year, and

yearly thereafter. Mean gradients were measured using continuous-wave

Doppler. Pulmonary regurgitation was determined using color Doppler

according to European guidelines.

The median and mean duration of follow-up were 3.6 (IQR, 2-10) years

and 5.6� 6.7 years overall. By group, follow-up was 5.2 (IQR, 0.1-9) years

and 6.2 � 4.1 years in the homograft group, 3.1 (IQR, 1-7) years and

3.7 � 4.8 years in the stentless xenograft group, and 11 (IQR, 9-15) years

and 12 � 4 years in the BJV group. Follow-up was 96% complete (1631

patient-years).
Statistical Analysis
Non-normally distributed continuous variables are presented as median

(interquartile range [IQR]), and continuous variables are presented as

mean� standard deviation. Theywere compared using analysis of variance

with post hoc tests and Bonferroni correction for normally distributed data

and the Kruskal-Wallis test for non-normally distributed data. Categorical

variables are expressed as frequency (%). Time-dependent data were

analyzed using the Kaplan-Meier method. Differences were assessed using

the log-rank test. Survival and freedom from reintervention were calculated

at 1, 5, 10, and 15 years. All statistical tests were 2-sided, and a P

value<.05 was considered statistically significant for all analyses. Patients

were censored either at last follow-up or at death.
diovascular Surgery c Volume 169, Number 5 1307
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Cox proportional hazard regression was performed to identify predic-

tors for reintervention and death. In logistic regression analysis, variables

during univariable analysis were chosen based on clinical relevance for

entry into the multivariable analysis. All models were adjusted for patient

age, sex, and relevant comorbidities coded as yes/no.

Changes in mean gradients were evaluated using a spline regression

model with repeated measurements and residuals clustered on the patient

level. All model iterations included age, sex, and type of RV conduit as con-

trol variables. Overall, 400 gradient measurements were included with a

minimum number of gradients per patient of 2 and a maximum of 10.

The visualization was performed using the R ggplot package.

Statistical analyses were performed using SPSS Statistics for Macin-

tosh, version 28.0 (IBM) and R version 4.4.0 (R Foundation for Statistical

Computing).
RESULTS
Patients

The cohort comprised 315 consecutive patients, 73%
male, with a mean age of 37 � 12 years. RV conduits
were created with a homograft in 211 patients (67%),
BJV in 34 patients (11%), and a xenograft in 70 (22%)
(Table 1, Figure 1). Twenty-four patients (8%) were age
<18 years; of these, 18 had a homograft, 4 had a BJV graft,
and 2 had a xenograft. The 291 adult patients included 193
with a homograft, 30 with a BJV graft, and 68 with a xeno-
graft. In 36 patients (11%), active endocarditis was the
indication for surgery. Overall, 256 cases (81%) were elec-
tive, 54 cases (17%) were urgent, and 5 cases (2%) were
emergency procedures.
TABLE 1. Baseline characteristics

Characteristic BJV (N ¼ 34) Hom

Male sex, n (%) 29 (85)

Age, y, mean � SD 35 � 9

BSA, m2, mean � SD 1.2 � 0.2

Cardiovascular risk factors, n (%)

Arterial hypertension 14 (41)

Coronary artery disease 0 (0)

Intravenous drug abuse 2 (6)

Surgical indication, n (%)

Isolated aortic regurgitation 9 (26)

Isolated aortic stenosis 5 (16)

Combined disease 9 (26)

Endocarditis 11 (32)

Prior cardiac procedure, n (%) 16 (47)

Valve morphology, n (%)

Unicuspid 10 (29)

Bicuspid 13 (38)

Tricuspid 9 (26)

LVEF<50%, n (%) 0 (0)

LVEDd, mm, mean � SD, mm 57 � 13

Bold type indicates statistical significance. BJV, Bovine jugular vein; SD, standard deviatio

tricular diastolic diameter.

1308 The Journal of Thoracic and Cardiovascular Sur
Patients who received a xenograft were older than patients
with a homograft or a BJV graft (mean, 44 � 11 years vs
35� 12 years vs 35� 9 years;P<.001). Themedian conduit
diameter was 27 mm (homografts, 27 mm; xenografts,
29 mm; BJV grafts, 22 mm) (Table 2).

Early
There were no cases of myocardial infarction and only 1

neurologic complication. The patient had a right coronary
artery anomaly and developed RV dysfunction that was
treated by coronary artery bypass and an RV assist device
(for 5 days). He experienced a thromboembolic stroke but
completely recovered neurologically and has been well
since. Another patient required a temporary left ventricular
assist device for ventricular dysfunction. She was weaned
successfully on postoperative day 5 and continues to do
well. There was no significant difference among the treat-
ment the groups in terms of perioperative complications
(Table 2).

There were 2 early deaths (1 each in the homograft group
and xenograft group). One patient underwent surgery
following 3 previous root replacements and died fromuncon-
trollable hemorrhage due to autograft rupture after 2 weeks.
The second patient had reduced left ventricular function pre-
operatively; he developed low cardiac output postoperatively
with severe nonocclusive mesenteric ischemia and died from
multiorgan failure at postoperative day 5.
ograft (N ¼ 211) Xenograft (N ¼ 70) P value

148 (70) 45 (70) .681

35 � 12 44 � 11 <.001

1.7 � 0.6 1.9 � 0.9 <.001

60 (29) 24 (38) .402

3 (2) 3 (5) .163

7 (4) 1 (2) .622

39 (18) 13 (19) .011

62 (29) 21 (30) .055

90 (43) 31 (44) .065

20 (10) 5 (7) <.001

68 (32) 13 (20) .244

106 (50) 35 (55) .071

76 (36) 25 (39) .851

28 (13) 4 (6) .067

22 (10) 4 (6) .026

55 � 11 62 � 8 .073

n; BSA, body surface area; LVEF, left ventricular ejection fraction; LVEDd, left ven-

gery c May 2025



TABLE 2. Perioperative data

Variable BJV (N ¼ 34) Homograft (N ¼ 211) Xenograft (N ¼ 70) P value

Full root replacement, n (%) 34 (100) 205 (97) 70 (100) —

RV conduit size, median, mm (IQR) 20 (18-22) 27 (26-29) 29 (28-30) .062

Concomitant procedure, n (%) 9 (28) 25 (12) 6 (9) .101

Ascending aortic replacement 6 (19) 48 (23) 31 (44) <.001

Septal myectomy 2 (6) 9 (4) 3 (4) .631

Hemi-arch using circulatory arrest 2 (6) 5 (3) 3 (4) .234

Rescue coronary artery bypass 2 (6) 2 (1) 1 (2) .711

Tricuspid valve repair 1 (3) 2 (1) 1 (2) .898

Mitral valve repair 1 (3) 3 (2) 1 (2) .802

Myocardial ischemia, min, mean � SD 93 � 14 90 � 20 92 � 21 .531

Perfusion time, min, mean � SD min 131 � 30 122 � 32 127 � 37 .795

Perioperative complications, n (%)

Myocardial infarction 0 (0) 0 (0) 0 (0) —

Stroke 0 (0) 0 (0) 1 (1) —

Ventricular dysfunction necessitating VAD 1 (1) 1 (1) 0 (0) .887

Bold type indicates statistical significance. BJV, Bovine jugular vein; RV, right ventricular; IQR, interquartile range; SD, standard deviation; VAD, ventricular assist device.
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Late
Endocarditis. Four patients (1.3%) were diagnosed with
isolated RV conduit endocarditis (at a mean of
6.2 � 3.4 years postoperation). All patients were age
<18 years at the time of the Ross procedure. Of these, 2 pa-
tients had a BJV graft, 1 patient had a homograft, and 1
patient had a xenograft as their RV conduit. The risk of
RV conduit endocarditis was 0.25% per patient-year.
TABLE 3. Postoperative RV conduit hemodynamics

Variable Pulmonary regurgitation, grade>2/n

Discharge TTE

Xenograft 0

Homograft 0

Bovine jugular vein 0

P value N/A

TTE 1 y postoperatively

Xenograft 0

Homograft 1

Bovine jugular vein 0

P value N/A

TTE 5 y postoperatively

Xenograft 0

Homograft 3

Bovine jugular vein 0

P value N/A

Last follow-up TTE

Xenograft 0

Homograft 3

Bovine jugular vein 0

P value N/A

SD, Standard deviation; TTE, transthoracic echocardiography; N/A, not applicable; RV, rig

The Journal of Thoracic and Car
Survival. Ten patients (3%) died during follow-up (homo-
graft group, n ¼ 7; xenograft group, n ¼ 1; BJV group,
n ¼ 2), including 4 of cardiac causes (8 months to 4 years
postoperation). The cardiac causes included RV conduit en-
docarditis (due to continued intravenous drug abuse; n¼ 1),
cardiac arrhythmia (n ¼ 2), and uncontrollable coagulop-
athy (presumed heparin-induced thrombocytopenia;
n¼ 1). Five patients died from noncardiac causes (6 months
Mean gradient, mm Hg, ± SD Peak gradient, mm Hg, ± SD

8 � 2 12 � 5

3 � 4 8 � 3

5 � 5 9 � 4

.077 .081

10 � 3 18 � 6

5 � 5 14 � 3

7 � 5 16 � 4

.062 .331

12 � 3 21 � 5

8 � 3 17 � 4

10 � 6 20 � 4

.072 .561

14 � 5 24 � 12

11 � 9 22 � 16

13 � 12 25 � 17

.658 .883

ht ventricular.

diovascular Surgery c Volume 169, Number 5 1309
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Xenograft
(n = 70)

Bovine jugular
vein (n = 34)

FIGURE 1. Flow chart of the study population.
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to 11 years postoperation); causes of death were sepsis from
urinary tract infection (n ¼ 1), pneumonia (n ¼ 1), intrave-
nous drug abuse (n ¼ 1), and oropharyngeal cancer (n ¼ 1)
and unknown (n ¼ 1).

Overall survival was 91% at 15 years, and freedom from
cardiac death was 96%. At 10 years, survival was similar in
the homograft (94%), BJV (94%), and xenograft (98%)
groups (P ¼ .689) (Figure 2).

By Cox regression analysis, active endocarditis at the
time of the Ross procedure was associated with increased
mortality (hazard ratio [HR], 2.86; 95% confidence interval
[CI], 0.61-13.36; P ¼ .037), whereas the use of external
autograft support was associated with increased survival
(HR, 0.27; 95% CI, 0.08-0.95; P ¼ .038). The type of RV
conduit was not associated with mortality (HR, 1.176;
95% CI, 0.676-2.048; P ¼ .566).
RV Conduit Reintervention
Twelve patients (4%) underwent 15 RV conduit reinter-

vention (homograft group, n ¼ 7; BJV group, n ¼ 4;
xenograft group, n ¼ 1) at a median of 7.4 years (IQR,
4.3-9.2 years) postoperatively (homograft group,
1-19 years; BJV group, 4-9 years). The patient with a xeno-
graft underwent reintervention at age 18 years. Indications
for reintervention were RV conduit stenosis (n ¼ 6, 50%;
homograft group, n¼ 4; BJV group, n¼ 1; xenograft group,
n ¼ 1), combined disease (homograft group, n ¼ 2; 17%),
and active endocarditis (n ¼ 4, 33%; homograft group,
n ¼ 1; BJV group, n ¼ 2; xenograft group, n ¼ 1).

Freedom from any RV conduit reintervention at 15 years
was 88% overall and similar in the homograft (89%), BJV
(89%), and xenograft (100%) groups (P¼ .812) (Figure 3).
It was higher in adult patients compared to pediatric patients
(96% vs 55%; P<.001) (Figure 3, B). At 10 years, freedom
from reintervention in adults was lowest in the BJV group
compared to the homograft and xenograft groups (89% vs
99% vs 100%; P ¼ .156) (Figure 3, C). In pediatric pa-
tients, freedom from reintervention at 5 years was similar
1310 The Journal of Thoracic and Cardiovascular Sur
in the BJV and homograft groups (83% vs 75%;
P ¼ .697) (Figure 3, D).

Freedom from RV conduit reoperation was 93% at
15 years overall and was comparable in the homograft,
BJV, and xenograft groups (95% vs 92% vs 100%;
P ¼ .631). It was higher in adult patients (97%) compared
to pediatric patients (97% vs 67%; P ¼ .003).

Reinterventions included surgical RV procedures,
including conduit replacement (n ¼ 7, 67%; homograft,
n ¼ 3; BJV, n ¼ 3; xenograft, n ¼ 1), conduit repair with
a patch plasty (n ¼ 1), and transcatheter valve implantation
(n ¼ 4, 33%; homograft, n ¼ 3; BJV, n ¼ 1).

Among the 12 patients requiring reinterventions, 2 were
pediatric patients who underwent a reoperation, with a sub-
sequent need for transcatheter valve implantation. The first
patient (age 3) initially had a xenograft, which degenerated
by 1 year postoperation. The conduit was replaced with a
BJV, which became stenotic after 16 years and required re-
intervention with a transcatheter valve. After 5 months, the
transcatheter valve degenerated and was replaced with a ho-
mograft. The second patient (age 9 years) initially had a ho-
mograft, which became stenotic 7 years postoperation and
required replacement with another homograft. That homo-
graft became stenotic again 4 years postoperatively and
required transcatheter valve implantation.

One patient developed homograft degeneration by
1.5 years postoperation. At reoperation, the conduit was
enlarged by a patch plasty. Because of a postoperative in-
crease in gradients, hewas treated by steroids for 12months,
and has been reintervention-free for 6 years. He was later
diagnosed with autoimmune arteritis.

By Cox regression analysis, freedom from reintervention
did not differ among the 3 study groups (HR, 1.198; 95%
CI, 0.708-2.57; P¼ .606). The probability of reintervention
gery c May 2025
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was higher in pediatric patients (age<18 years) (HR, 0.91;
95% CI, 0.87-0.95; P<.001). Larger conduit size showed a
trend toward an association with reduced rate of reinterven-
tion, although this not achieve the predefined criteria for sta-
tistical significance (HR, 0.53; 95% CI, 0.26-1.062;
P ¼ .073).
Gradients. The progression of mean pulmonary gradients
was greatest in the first 5 postoperative years. During this
period, the increase was 1.52 mm Hg/year in the BJV group
(P ¼ .005), 2.4 mm Hg/year in the homograft group
(P ¼ .003), and xenografts showed an increase of 2.8 mm
Hg/year in the xenograft group (P ¼ .003). Between 5
The Journal of Thoracic and Car
and 10 years, progression rates were lower in the homograft
group (0.78 mm Hg/year; P ¼ .020) and the BJV group
(0.36 mm Hg/year; P ¼ .39) compared to the xenograft
group (1.6 mm Hg/year; P ¼ .04) (Figure 4). Postoperative
hemodynamics are displayed in Table 3.
All the patients who developed early degeneration

(within the first 4 years) without the need for reoperation
were pediatric patients or young adults.

DISCUSSION
During the initial Ross procedure, aortic homografts

were used as RV conduits.8 Later, pulmonary homografts
diovascular Surgery c Volume 169, Number 5 1311
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were introduced, and their superior results compared with
aortic homografts made them the gold standard for this pro-
cedure.15 However, the shortage of suitable homografts and
limited availability in some countries stimulated the search
for alternative RV conduits. Moreover, pulmonary homo-
grafts are not free from degeneration.

The mechanism of homograft degeneration likely in-
volves immune reactions from the host.5 Both the pulmo-
nary valve and trunk are involved, and we have observed
shrinkage of the implanted pulmonary trunk tissue as early
as the first postoperative year. These structural changes
occur more frequently and earlier in younger patients.4

Shrinkage may explain why degeneration becomes a prob-
lem earlier in smaller conduits compared to “oversized”
conduits.9 In our study, some younger patients experienced
relevant homograft stenosis within the first 4 postoperative
years, and a more predominant degenerative progress was
seen during the first 5 years. We did not observe a relation-
ship between conduit size and earlier degeneration, most
likely due to our policy to always attempt “oversizing.”
To reduce the immunologic response, decellularized homo-
grafts have been used, with promising early results.16

Apparently, these grafts are not completely free from an im-
mune response, which has been found to be stronger in
younger patients.7 This currently unresolved issue chal-
lenges the homograft as a “gold” standard. The evidence
for a positive effect of immunosuppressive therapy remains
very weak.17

Stentless xenografts have been suggested as alternative
RV conduits. They are attractive because of their wide
1312 The Journal of Thoracic and Cardiovascular Sur
availability and long-term success in the aortic position;
in fact, in one study, its performance was identical to that
of an aortic homograft.18 Some studies in pediatric patients
have shown comparable results for stentless xenografts and
pulmonary homografts,9,13,19 and others have even shown
superior durability of stentless xenografts.20 Several inves-
tigations have analyzed their use in the Ross procedure in
adults,10-12 and 2 of these included small cohorts with
xenografts.11,12 Nevertheless, these reports showed similar
degeneration over time for homografts and stentless xeno-
grafts. Only 1 study reported a problem with the proximal
suture line between xenograft and RVOT; the authors had
added a sleeve of pericardial tissue between the right
ventricle and the xenograft.10 While our follow-up remains
limited, the use of xenografts appears to be a reasonable
alternative to homografts, at least in older individuals.

In our study, freedom from reintervention was similar for
the homograft group and the xenograft group. We did not
observe any early xenograft reintervention, and only 1 pa-
tient required reoperation 18 years postoperatively.
Although the pulmonary homografts exhibited lower trans-
valvular gradients compared to xenografts, they had a
similar progression as xenografts. This is in line with previ-
ous findings from an animal study in which homograft,
xenograft, and BJV cusps were unaffected by the degener-
ation process, with degeneration observed mostly along
the conduit wall.21

The BJV has been used mostly in pediatric patients
because of the smaller conduit sizes. Studies have shown
that, depending on the conduit size, between 70% and
90% of patients are reintervention-free after 10 years.22,23

BJV grafts have been reported to perform just as well as
or even better than pulmonary homografts,22,24-26 similar
to our findings in pediatric patients. These positive results
may be explained by the BJV’s tendency to dilate over
time,27 which may partially accompany the somatic growth
of children and allows for a somewhat longer freedom from
reoperation. However, concerns have been expressed over
increased rates of late endocarditis.28-30 In addition,
inflammatory stenosis at the distal pulmonary anastomosis
with fibrointimal proliferation have been observed,
particularly in smaller conduits.28,31 These findings were
made in pediatric patients; we have made similar observa-
tions during correction of conotruncal anomalies.

Less is known on the long-term fate of BJV grafts in
adults, especially in the Ross procedure. We did not observe
any inflammatory shrinkage or distal anastomotic stenosis.
At reintervention, the BJV was found to be 1.3 to 1.5 times
larger than at the time of implantation.27 Overall, freedom
from reintervention was lower in BJV grafts compared to
homografts and xenografts in adults but similar to homo-
grafts in pediatric patients. Interestingly, transvalvular gra-
dients were lower in BJV grafts compared to homografts
and xenografts. The incidence of late endocarditis was
gery c May 2025
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acceptable (n ¼ 2; 5%); only 1 patient required early trans-
catheter valve implantation (3.4 years postoperation) after
healed endocarditis. Thus, the BJV graft appears to be a
reasonable option in adults; unfortunately, its availability
in larger sizes is limited.

Limitations
The main limitation of this study is its observational

design and limited follow-up. Although data of consecutive
procedures were obtained prospectively, the analysis was
performed retrospectively, and treatment allocation was
not randomized. Despite these limitations, this study is
one of few mid-term studies comparing the results of
different RV conduits in the Ross procedure.

CONCLUSIONS
Survival after the Ross procedure is excellent irrespective

of the RV conduit. The use of homografts us associated with
a low incidence of dysfunction and reintervention, but
degeneration may occur in the first postoperative years.
This may be related to inflammatory changes, which we
could ameliorate by anti-inflammatory treatment in individ-
ual cases. Younger age is an independent risk factor for RV
conduit reintervention, whereas larger conduit size shows a
trend toward a greater freedom from reintervention. In
conclusion, the use of stentless xenografts is an option in
adults, and the use of BJV grafts in pediatric patients if ho-
mograft availability is limited.

Webcast
You can watch aWebcast of this AATSmeeting presentation
by going to: https://www.aats.org/resources/durability-of-rv-
conduits-in-t-7287.
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