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Abstract
BACKGROUND—Utilization of Fontan fenestration varies considerably by center.

OBJECTIVES—Using a multicenter Pediatric Heart Network dataset linking surgical and
preoperative hemodynamic variables, the authors evaluated factors associated with use of Fontan
fenestration and the impact of fenestration on post-Fontan length of stay (LOS).

METHODS—Patients 2 to 6 years old at Fontan surgery from 2010 to 2020 with
catheterization<1 year prior were included. Factors associated with fenestration were evaluated
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using multivariable logistic regression adjusting for key covariates. Restrictive cubic spline
analysis was used to evaluate potential cut-points for hemodynamic variables associated with
longer postoperative LOS stratified by fenestration with multivariable linear regression to evaluate
the magnitude of effect.

RESULTS—Fenestration was used in 465 of 702 patients (66.2%). Placement of a fenestration
was associated with center (range 27%-93% use, £< 0.0001) and Fontan type (OR: 14.1 for
lateral tunnel vs extracardiac conduit, Z< 0.0001). No hemodynamic variable was independently
associated with fenestration. In a multivariable linear model adjusting for center, a center-
fenestration interaction, prematurity, preoperative mean pulmonary artery pressure (mPAP), and
cardiac index, fenestration was associated with shorter hospital LOS after Fontan (P = 0.0024).
The benefit was most pronounced at mPAP >13 mm Hg (median LOS: 9 vs 12 days, 2= 0.001).

CONCLUSIONS—There is wide center variability in use of Fontan fenestration that is not
explained by preoperative hemodynamics. Fenestration is independently associated with shorter
LOS, and those with mPAP =13 mm Hg at pre-Fontan catheterization benefit the most. We
propose this threshold as minimal criteria for fenestration.
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The Fontan procedure, or inferior cavopulmonary anastomosis, represents the final stage of
planned surgical palliation for all forms of functionally single ventricle heart disease. While
operative mortality in the current era is low,> morbidity is high with a median postoperative
length of stay (LOS) of 10 to 11 days and postoperative complications in 40%.1-3 Despite
being one of the most common congenital heart operations in the United States, with
nearly 1,000 Fontan procedures performed per year,* variation exists in both the timing and
techniques of the operation.

Fontan fenestration was introduced to improve postoperative outcomes for high-risk
patients undergoing the Fontan procedure, including those with ventricular dysfunction,
high pulmonary vascular resistance, and/or pulmonary artery distortion.>6 Subsequently,
its acceptance has been variable with some institutions uniformly performing Fontan
fenestration, even in low-risk patients, and others using fenestration sparingly. Nationally,
approximately two-thirds of Fontan procedures are performed with a fenestration, but this
ranges widely when evaluated by institution.” It is unclear whether wide-center variability
reflects center-level preference or differences in preoperative patient risk. Moreover, the
impact of fenestration on outcomes remains understudied at the multi-institution level.

We linked data from the Society of Thoracic Surgeons (STS) Congenital Heart Surgery
Database (STS-CHSD) and the Improving Pediatric and Adult Congenital Treatment
(IMPACT) cardiac catheterization registry from 7 Pediatric Heart Network (PHN)
centers. Using the linked dataset, we sought to determine factors, including preoperative
hemodynamic measurements, associated with Fontan fenestration and to evaluate the
effect of Fontan fenestration on postoperative outcomes after accounting for preoperative
hemodynamic measurements.
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STUDY POPULATION.

STUDY DEFI

Seven centers were recruited through the PHN for participation in this retrospective
observational cohort study. The study was approved by the institutional review board

at each of the participating centers. All centers submitted data to the STS-CHSD and

also to the IMPACT cardiac catheterization registry. All data were extracted locally

from these databases and submitted to Cincinnati Children’s Hospital for linkage and
analysis. Patients were eligible for inclusion based on STS primary procedure codes that
indicated fenestration status (0970-lateral tunnel [LT], fenestrated; 0980-LT, nonfenestrated:;
1,000-external conduit, fenestrated; 1,010-external conduit, nonfenestrated). Those with
other STS procedure codes related to total cavopulmonary connection (1,025—-Fontan
revision or conversion; 1,030-Fontan, other; 2,340—-Fontan + atrioventricular valvuloplasty;
950-Fontan, atrio-pulmonary connection; 960—Fontan, atrioventricular connection) were
excluded. Only patients having their Fontan procedure between ages 2 and 6 years and from
2010 to 2020 with cardiac catheterization data available within 12 months prior to their
Fontan procedure were included. No data were available for the patients who did not meet
inclusion criteria. The data were linked at 2 levels using a set of Python scripts and a SQL.ite
database. At the first level, STS-CHSD and IMPACT data from each center were imported
into a standardized format, filtered based on the variables of interest, and linked primarily
through the medical record number. However, one center required the use of last name and
date of birth due to the unavailability of a common unique identifier in both registries. At
the second level, all databases were pulled into the SAS software and merged. It is worth
noting that while 2010 was used to limit the data to the recent era, the date each center began
utilizing the IMPACT registry was the primary driver of the time period utilized. This start
date ranged from 2010 to 2012 for study centers.

NITIONS.

Standard registry definitions from the STS-CHSD and IMPACT datasets were used
including definitions for hemodynamic parameters,® procedures, postoperative LOS, and
major complications, which include renal failure, neurologic injury or deficit, arrhythmia
requiring pacemaker, unplanned reintervention, or mechanical circulatory support.®
Postoperative mortality, as defined per the STS includes death during hospitalization or
within 30 days of Fontan if discharged.10

STATISTICAL ANALYSIS.

Variables are presented as median (IQR) or count with percent of total unless otherwise
specified. Patient characteristics and outcomes by fenestration were compared using the
Wilcoxon rank sum test or chi-squared test. Center variation was compared using the
Kruskal-Wallis test or chi-squared test. Factors associated with fenestration were evaluated
using multivariable logistic regression. Full model covariates, determined a priori, included
center, ventricular dominance, Fontan type (LT vs extracardiac conduit), age at Fontan,
sex, race, and hemodynamic variables. Exploratory analysis using restrictive cubic splines
was performed to establish potential cut-points for hemodynamic variables associated

with longer postoperative LOS stratified by fenestration placement. Post-Fontan LOS was
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analyzed by fenestration status across hemodynamic variables using nonparametric ANOVA.
Factors associated with LOS, assuming a log-normal distribution and the above-mentioned
covariates, were evaluated using multivariable linear regression. Fontan type was not
included in the full model due to collinearity with fenestration, but all other covariates were
included. The distribution of LOS was visually inspected against fitted lognormal curve
and modeled using the Genmod procedure with log link and normal distribution. Scaled
Pearson chi-squared/degrees of freedom was used to assess model fit. Effect estimates
were back transformed (exponentiated) and interpreted as % increase in outcome per unit
increase in independent variables. Only significant factors were included in the final model
are presented. A Pvalue <0.05 was considered significant, but interval estimates were not
adjusted for multiple comparisons and should be interpreted with caution. Analysis was
done in SAS 9.4 (SAS Institute).

The cohort included 704 patients from 7 centers including 467 (66.3%) with fenestration
(Central Illustration). Demographic, diagnostic, and hemodynamic characteristics, stratified
by fenestration status, are presented in Table 1. Median age at Fontan was 3.4 years (IQR:
2.7-4.2) years, and median time between cardiac catheterization and Fontan was 67 days
(IQR: 18-141) days.

FACTORS ASSOCIATED WITH FENESTRATION.

In univariable analysis, fenestrated (Fen) patients were older, larger, less likely to be of
Hispanic ethnicity, more likely to have right ventricular dominance, and more likely to

have a LT Fontan when compared to the nonfenestrated (non-Fen) patients (Table 1). There
were no univariable differences in pre-Fontan hemodynamic measurements between groups.
There was variation between centers in timing of catheterization and Fontan as well as use
of fenestration (Table 2). The center-level median age and weight at Fontan ranged from

2.4 t0 4.2 years and 12.6 to 15.3 kg, respectively. The percentage of Fen varied across
centers from 27% to 93%. Due to co-linearity between mean pulmonary artery pressure
(mPAP), ventricular end-diastolic pressure (EDP), and pulmonary vascular resistance index
(PVRI), separate multivariable models were created to assess factors associated with Fontan
fenestration. Forest plots for these models are shown in Figure 1. Center and LT Fontan were
associated with fenestration, but ventricular dominance, mPAP, EDP, and PVRi were not.

OPERATIVE AND POSTOPERATIVE COMPARISONS.

Median postoperative LOS was 9 (IQR: 7-13) days, ranging from 7 to 12 days by center.
Overall, major postoperative complications occurred in 19 (4.9%) and readmission within
30 days occurred in 110 (16.0%). There were 2 postoperative/30-day deaths (0.4%).
Univariable comparison of outcomes between the non-Fen and Fen groups can be seen

in Table 3. Notably, perfusion and cross clamp times were longer in the Fen patients, while
there was no difference in the frequency of major complication, the non-Fen group more
frequently developed chylothorax, while the Fen group more frequently had arrhythmias
postoperatively. The postoperative LOS was significantly shorter (median 8 [IQR: 7-12]
days vs 10 [IQR: 7-14] days, A= 0.006) in the Fen group. In a multivariable linear model

JACC Adv. Author manuscript; available in PMC 2024 April 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hill et al.

Page 5

adjusting for center, a center-fenestration interaction, prematurity, mPAP, and cardiac index,
fenestration remained significantly associated with a shorter hospital LOS after Fontan
(Table 4). Exploratory analysis using restrictive cubic spline regression demonstrated the
hospital LOS was shorter in Fen patients throughout the range of pre-Fontan mPAPs with a
paucity of data at the high and low ends resulting in wider Cls. A pre-Fontan mPAP of >13
mm Hg was associated with the greatest difference in postoperative LOS (Figure 2). Similar
analyses for pre-Fontan EDP, PVRI, and cardiac index did not reveal strong cut points.

The mPAP was =13 mm Hg in 184/661 (27.8%) patients with available data. Of those with
a mPAP =13 mm Hg, 126 (68.4%) had a fenestration placed. In a stratified comparison of
those with a mPAP <13 mm Hg, LOS was similar between the non-Fen (9 [IQR: 7-13]
days) and Fen (8 [IQR: 7-11] days) groups (£ = 0.25) but was significantly longer in the
non-Fen group when mPAP was =13 mm Hg (12 [IQR: 8-16] days vs 9 [IQR: 7-12] days,
P=0.01) (Figure 3). LOS >14 days was likewise similar in frequency between non-Fen and
Fen groups when mPAP was <13 mm Hg (17.6% vs 13.6%, £= 0.27) but significantly more
common in the non-Fen group when mPAP was =13 mm Hg (34.5% vs 16.7%, £ = 0.007).

DISCUSSION

This study has demonstrated the short-term benefit of Fontan fenestration in reducing
postoperative LOS. While this benefit was seen across the spectrum of patients, it was

most notable when the preoperative mPAP or Glenn pressure was 13 mm Hg or higher. Our
study is unique in that it is the first multicenter study that includes pre-Fontan hemodynamic
measurements when comparing outcomes based on fenestration of the Fontan. While cardiac
catheterization is frequently obtained prior to the Fontan procedure, we also demonstrated

in this study that the hemodynamic data are not utilized similarly across institutions when
determining fenestration placement.

Our findings are similar to those of prior studies in identifying variation in the timing of

the Fontan procedure among centers. Wallace et al described variation in age and weight

in 2011 using data from the STS-CHSD. They demonstrated even greater variation when
including 68 centers with median age ranging from 1.7 to 4.8 years and median weight
ranging from 10.5 to 16.1 kg. As the Fontan procedure is a semielective operation in

nearly all cases, this variation exceeds differences in patient characteristics and seasonal
Fontan procedure timing, often aimed at reducing exposure to viral respiratory infections,11~
13 and indicates a lack of consensus on best practices for optimal short- and long-term
outcomes. Our study uncovered another variation in practice that could likely benefit from
standardization, ie, timing of pre-Fontan catheterization in relation to the Fontan procedure.
Centers varied in the median time between these 2 procedures from 5 to 165 days. While
some have advocated for using cardiac magnetic resonance imaging instead of cardiac
catheterization prior to Fontan,14:15 cardiac catheterization was still performed in most of
those enrolled in the Single Ventricle Reconstruction trial.16 Our study was not designed to
evaluate indications for catheterization or optimal timing, but the discrepant timing suggests
further study is warranted.
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We found similar overall rates to prior studies for the use of fenestration at the Fontan
procedure. Prior studies evaluating the PHN cross-sectional study cohort!” and the Virtual
Pediatric Systems database’ have demonstrated fenestration placement in 64 to 67%,
similar to our reported rate (66%). Evidence to support fenestration in the form of a
prospective randomized trial was published in 2002. This single-center trial enrolled 49
patients and demonstrated that in standard-risk patients, fenestrated patients had decreased
pleural drainage, decreased postoperative LOS, and fewer additional procedures after
Fontan.18 Since that time, multiple authors have published single-center case series with
the conclusion that routine Fontan fenestration is unnecessary.19-21 The vast differences in
the rate of fenestration between centers found in our study and priors”-17 suggest that no
definitive evidence or consensus opinion exists. In the absence of these, surgeon preference
and local practice likely dictate fenestration placement.

One novelty of this study was the method of data capture, which utilized the registry
submission processes and allowed rapid acquisition of data for a large number of patients
from multiple centers and different databases. The junction of catheter data and surgical data
allowed robust evaluation of hemodynamic parameters associated with operative outcomes.
The absence of any association between hemodynamic measurements and fenestration
speaks to the lack of prior published work in this area. We identified the mPAP as the best
measure of fenestration benefit. This is likely because mPAP accounts for EDP, PRI, and
Glenn, or branch pulmonary artery stenosis. Our data have identified a subset of patients,
accounting for over one-quarter of the study population, likely to derive the greatest short-
term benefit with reduced LOS from fenestration placement at the time of Fontan. Based
on prior published data, this decreased LOS is related to decreased chest tube drainage

and duration.1® While fenestration with a mPAP <13 mm Hg may continue to be preferred
by some providers, we believe a mPAP =13 mm Hg should be a strong indication for
fenestration and hope these data will reduce variation in Fontan fenestration practices.

STUDY LIMITATIONS.

This study is limited to the data available in the IMPACT and STS databases. While it adds
hemodynamic data to the evaluation of Fontan fenestration, the reasoning behind surgical
decision-making for individual patients is complex, and not all the data contributing to that
decision are included. Due to the data extraction platform design as well as institutional
review board restrictions, patients not meeting inclusion criteria were removed prior to data
transfer for this study. Therefore, no counts or information is available to compare those
meeting inclusion criteria and those who did not. As we did not include patients undergoing
Fontan with atrioventricular valve repair or Fontan revisions, this study focused on a lower-
risk population. Additionally, due to co-linearity between the LT Fontan and fenestration

in our cohort, we could not include the type of Fontan in our multivariable model. Finally,
not all data variables were available for all patients. Our study design only assessed the
short-term benefits of Fontan fenestration. Long-term follow-up of otherwise similar patients
with and without fenestration is needed to assess the impact of this technique on long-term
Fontan morbidities, like Fontan-associated liver disease, stroke, and Fontan failure.
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CONCLUSIONS

The Fontan procedure remains highly variable by institution, not only in timing but

also in use of the Fontan fenestration. Preoperative hemodynamics do not explain the
variation between institutions in the use of fenestration, as there are no consistent
hemodynamic criteria for fenestration across institutions. While fenestration placement
reduces postoperative LOS across the range of patients, it is patients with a mPAP of =13
mm Hg at pre-Fontan catheterization that demonstrate the greatest reduction in LOS with
fenestration. We would propose a mPAP =13 mm Hg as minimal criteria for fenestration.
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ABBREVIATIONS AND ACRONYMS

EDP end-diastolic pressure

Fen fenestrated Fontan group

LOS length of stay

LT lateral tunnel

LV left ventricular

mPAP mean pulmonary artery pressure

non-Fen nonfenestrated Fontan group

PVRI pulmonary vascular resistance index

RV right ventricular

STS Society of Thoracic Surgeons
REFERENCES

1. Wallace MC, Jaggers J, Li JS, et al. Center variation in patient age and weight at Fontan
operation and impact on postoperative outcomes. Ann Thorac Surg. 2011;91:1445-1452. [PubMed:
21524453]

2. Dean PN, Hillman DG, McHugh KE, Gutgesell HP. Inpatient costs and charges for surgical
treatment of hypoplastic left heart syndrome. Pediatrics. 2011;128:€1181. [PubMed: 21987703]

3. Ravishankar C, Gerstenberger E, Sleeper LA, et al. Factors affecting fontan length of stay: results
from the single ventricle reconstruction trial. J Thorac Cardiovasc Surg. 2016;151:669. [PubMed:
26519244]

JACC Adv. Author manuscript; available in PMC 2024 April 11.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hill et al.

Page 8

4. STS congenital heart surgery data summary. 2022. Accessed April 16, 2023. https://www.sts.org/

sites/default/files/Congenital-STSExecSummary_Children.pdf

. Bridges ND, Lock JE, Castaneda AR. Baffle fenestration with subsequent transcatheter closure.

modification of the Fontan operation for patients at increased risk. Circulation. 1990;82:1681.
[PubMed: 2225370]

. Bridges ND, Mayer JE Jr, Lock JE, et al. Effect of baffle fenestration on outcome of the modified

Fontan operation. Circulation. 1992;86:1762. [PubMed: 1451248]

. Hill GD, Ghanayem NS, Hraska V, et al. Variation in the use of Fontan fenestration in the current

surgical era. Prog Pediatr Cardiol. 2019;52:4—7.

. NCDR® IMPACT registry® v2.0.1 Coder’s data dictionary. 2016.

Accessed April 17, 2023. https://cvquality.acc.org/docs/default-source/ncdr/Data-Collection/
impact_v2_codersdatadictionary_2-0-1.pdf?sfvrsn=74748dbf_0

9. Jacobs ML, O’Brien SM, Jacobs JP, et al. An empirically based tool for analyzing morbidity

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

associated with operations for congenital heart disease. J Thorac Cardiovasc Surg. 2013;145:1046-
1057 el. [PubMed: 22835225]

. Overman DM, Jacobs JP, Prager RL, et al. Report from the society of thoracic surgeons National
Database Workforce: clarifying the definition of operative mortality. World J Pediatr Congenit
Heart Surg. 2013;4:10-12. [PubMed: 23799748]

Fedderly RT, Whitstone BN, Frisbee SJ, Tweddell JS, Litwin SB. Factors related to pleural
effusions after Fontan procedure in the era of fenestration. Circulation. 2001;104:1148-1151.
[PubMed: 11568047]

Salam S, Dominguez T, Tsang V, Giardini A. Longer hospital stay after Fontan completion in the
November to March period. Eur J Cardio Thorac Surg. 2015;47:262—268.

Hill GD, Loomba RS, Flores S, Alsaied T, Khoury PR, Cnota JF. Association between

seasonal fontan timing, viral infection Burden, and post-operative length of stay. Pediatr Cardiol.
2022;44(3):714-719. [PubMed: 36068307]

Fogel MA, Pawlowski TW, Whitehead KK, et al. Cardiac magnetic resonance and the need

for routine cardiac catheterization in single ventricle patients prior to Fontan: a comparison

of 3 groups: pre-Fontan CMR versus cath evaluation. J Am Coll Cardiol. 2012;60:1094-1102.
[PubMed: 22974693]

Ro PS, Rychik J, Cohen MS, Mahle WT, Rome JJ. Diagnostic assessment before Fontan operation
in patients with bidirectional cavopulmonary anastomosis: are noninvasive methods sufficient? J
Am Coll Cardiol. 2004;44:184-187. [PubMed: 15234431]

Eckhauser AW, Van Rompay MI, Ravishankar C, et al. Variation in care for children undergoing
the Fontan operation for hypoplastic left heart syndrome. Cardiol Young. 2019;29:1510-1516.
[PubMed: 31767043]

Atz AM, Travison TG, McCrindle BW, et al. Late status of Fontan patients with persistent surgical
fenestration. J Am Coll Cardiol. 2011;57:2437. [PubMed: 21658565]

Lemler MS, Scott WA, Leonard SR, Stromberg D, Ramaciotti C. Fenestration improves clinical
outcome of the Fontan procedure: a prospective, randomized study. Circulation. 2002;105:207.
[PubMed: 11790702]

Salazar JD, Zafar F, Siddiqui K, et al. Fenestration during Fontan palliation: now the exception
instead of the rule. J Thorac Cardiovasc Surg. 2010;140:129. [PubMed: 20620378]

Schreiber C, Kostolny M, Horer J, et al. Can we do without routine fenestration in extracardiac
total cavopulmonary connections? report on 84 consecutive patients. Cardiol Young. 2006;16:54.
[PubMed: 16454878]

Thompson LD, Petrossian E, McElhinney DB, et al. Is it necessary to routinely fenestrate an
extracardiac Fontan? J Am Coll Cardiol. 1999;34:539. [PubMed: 10440170]

JACC Adv. Author manuscript; available in PMC 2024 April 11.


https://www.sts.org/sites/default/files/Congenital-STSExecSummary_Children.pdf
https://www.sts.org/sites/default/files/Congenital-STSExecSummary_Children.pdf
https://cvquality.acc.org/docs/default-source/ncdr/Data-Collection/impact_v2_codersdatadictionary_2-0-1.pdf?sfvrsn=74748dbf_0
https://cvquality.acc.org/docs/default-source/ncdr/Data-Collection/impact_v2_codersdatadictionary_2-0-1.pdf?sfvrsn=74748dbf_0

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Hill et al.

Page 9

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE 1:

Fontan fenestration does not have consistent criteria, including preoperative
hemodynamic measurements, for use across institutions.

COMPETENCY IN MEDICAL KNOWLEDGE 2:

Postoperative length of stay is reduced with Fontan fenestration, particularly in those
with higher mean pulmonary artery pressure.

COMPETENCY IN PATIENT CARE:

Fontan fenestration should be strongly considered in all patients with a pre-Fontan mean
pulmonary artery pressure of 213 mm Hg.
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FIGURE 1.

! ! !

1 10 100
Odds Ratio with 95% Confidence Limits

Forest Plots of Factors Associated With Fontan Fenestration

Forest plots generated by multivariable logistic regression for factors associated with Fontan
fenestration. Additional factors included in the model but not shown are age at Fontan,

sex, race, pulmonary vascular resistance index, and cardiac index. Due to co-linearity,
separate models were created for mean pulmonary artery pressure, ventricular end diastolic
pressure, and pulmonary vascular resistance index. The OR (4) and 95% Cls (lines) are
depicted with center and Fontan type (lateral tunnel) associated with fenestration. EDP =
end diastolic pressure; LV = left ventricle; PA = pulmonary artery; PVRi = pulmonary
vascular resistance index; RV = right ventricle.

JACC Adv. Author manuscript; available in PMC 2024 April 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Hill et al.

Hospital LOS (days)

Page 11
25 - Fenestraton ——— No Yes
* / '
20 - A
s
\ -

154
10 -

S - I I I I I

8 10 12 14 16
mPAP (mmHg)
FIGURE 2.

Comparison of LOS Across mPAPs by Fenestration

Restrictive cubic spline model demonstrating the postoperative LOS across the range of
pre-Fontan mPAPs for those having a fenestration placed (orange) and those not having a
fenestration placed (blue) with 95% CI displayed. LOS was shorter throughout the range of
mPAPs with fenestration, but the greatest divergence was seen when mPAP was =13 mm
Hg. LOS = length of stay; mPAP = mean pulmonary artery pressure.
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FIGURE 3.
LOS by Fenestration Group Stratified by mPAP

Box and whisker plots demonstrating the post-Fontan LOS in days (log scale) for those with
(orange) and without (blue) a fenestration placed at the time of Fontan (A) when mPAP was
<13 mm Hg and (B) when mPAP was =13 mm Hg. Boxes represent the interquartile range
and whiskers highest/lowest observation within fence (the interquartile £1.5*IQR). Symbols
(triangle and circle) inside the boxes represent the mean. Median LOS in fenestrated patients
was not significantly lower than in nonfenestrated patients (8 vs 9 days, A= 0.25) (A)

when mPAP was <13 mm Hg. When mPAP was =13 mm Hg median LOS was significantly
shorter in fenestrated patients (9 vs 12 days, A= 0.01). LOS = length of stay; mPAP = mean

pulmonary artery pressure.
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Surgical and Catheterization Registry Data From 7 Centers: 2010-2020 (n=704)

Fenestrated
0,
Pre-Fontan Fontan (5027
catheterization procedure at
<1 year prior 2-6 years of age

Placement of a Fontan fenestration was associated with center (range 27%-93%)

«There is a wide center variability in use of Fontan fenestration
- Center and Fontan type were associated with fenestration

*Hemodynamic measurements at cardiac catherization <1 year prior to Fontan were not associated with fenestration

* Postoperative LOS was shorter with fenestration across the range of mPAP
but those with a pre-Fontan mPAP 213 mm Hg showed the most benefit with fenestration

CENTRAL ILLUSTRATION.
Preoperative Hemodynamics Impact the Benefit of Fenestration on Fontan Postoperative

Length of Stay

Among 704 patients undergoing the Fontan procedure, 66.7% were fenestrated and 33.7%
were nonfenestrated Fontan procedures. Only center and Fontan type (lateral tunnel vs
extracardiac conduit) were associated with fenestration, while hemodynamic measurements
at cardiac catheterization <1 year prior to Fontan were not associated with fenestration.
Postoperative LOS was shorter with fenestration across the range of mPAPs, but those with
a pre-Fontan mPAP =13 mm Hg showed the most benefit with fenestration (median LOS 9
vs 12 days, £=0.01). EDP = end-diastolic pressure; LOS = length of stay; mPAP = mean
pulmonary artery pressure; PVRi = pulmonary vascular resistance index.
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TABLE 1
Cohort Characteristics
N Overall Non-Fen Fen P Value

Age at Fontan (y) 704 3.4 (2.7-4.2) 3.9 (3.2-4.6) 3.1(25-3.9)  <0.0001
Height (cm) 702 95 (89-101) 98.3 (93-103) 93 (88-99) <0.0001
Weight (kg) 704 14 (12.6-15.7) 14.7(13.4-16.4) 13.5(12.2-15.5) <0.0001
Female 704 261 (37.1%) 91 (38.4%) 170 (36.4%) 0.6
Caucasian race 702 522 (74.4%) 182 (77.1%) 340 (73.0%) 0.23
Hispanic ethnicity 543 71 (13.1%) 40 (21.5%) 31 (8.7%) <0.0001
Premature birth 695 93 (13.4%) 33 (14.0%) 60 (13.0%) 0.92
Genetic syndrome 673 114 (16.9%) 42 (18.8%) 72 (16.0%) 0.36
Ventricular morphology 704 0.02

Dominant RV 259 (36.8%) 72 (30.4%) 187 (40%)

Dominant LV 205 (29.1%) 70 (29.5%) 135 (28.9%)

Undetermined 240 (34.1%) 95 (40.1%) 145 (31%)
Ventricular EDP (mm Hg) 588 8 (7-10) 8 (7-10) 8 (7-10) 0.2
MPAP (mm Hg) 504 11 (10-13) 11 (10-13) 11 (10-13) 0.17
PVRi (WU/m?) 673 1.39 (1-1.8) 14 (1-1.7) 1.4 (1-1.8) 0.83
Cardiac Index (L/min/m?) 631 4.7 (3.9-5.7) 4.7 (4-5.6) 4.7 (3.9-5.7) 0.85
Fontan type

Extracardiac conduit 694 497 (71.6%) 225 (97%) 272 (58.9%) <0.0001

Lateral tunnel 197 (28.4%) 7 (3.0%) 190 (41.1%)

Values are median (IQR) or n (%). Due to missing data, the n used for each variable is shown. Comparisons by Wilcoxon rank sum test or
chi-square test. Bold indicates a significant P value.

EDP = end-diastolic pressure; Fen = fenestrated; LV = left ventricle; Non-Fen = nonfenestrated; PA = pulmonary artery; PVRi = pulmonary
vascular resistance index; RV = right ventricle.
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Operative and Postoperative Comparisons

Non-Fen (n = 238)

Perfusion time (min)

Cross clamp time (min)
Hospital LOS (d)

Postop major complications
Reoperation or intervention
Pleural effusion
Chylothorax

Arrhythmia

30-d readmissions

Operative/30-d mortality

0 (0-75)
0 (0-20)
10 (7-14)
6 (3.0%)
11 (4.6%)
16 (6.7%)
13 (5.5%)
8 (3.4%)
46 (19.7%)
0 (0.0%)

TABLE 3

Fen (n=483) P Value

83 (63-110)  <0.0001

38(0-61)  <0.0001
8 (7-12) 0.006
13 (6.7%) 0.093
21 (4.4%) 0.87
22 (4.6%) 0.22
8 (1.7%) 0.004
39 (8.1%) 0.016
64 (14.1%) 0.093
2 (0.5%) 0.56

Values are median (IQR) or n (%). Comparisons by Wilcoxon rank sum test or chi-square test. Bold indicates a significant 2P value.

Fen = fenestrated group; LOS = length of stay; Non-Fen = nonfenestrated group; Postop = postoperative.
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TABLE 4

Multivariable Analysis for Factors Associated With LOS

B Effect Sizein Original Scale (95% CI) P Value
Fenestration - - 0.0024
Center - - <0.0001
Center*Fen interaction - - 0.0017
Prematurity 1.77 1.52-2.06 <0.0001
MPAP 1.13 1.09-1.16 <0.0001
Cardiac index 0.92 0.87-0.97 0.002

Page 17

Results of multivariable linear regression model for factors associated with post-Fontan length of stay. Bold indicates a significant P value. Due to
the center-fenestration interaction, effect sizes for these variables are not presented.

B = regression coefficient; Fen = fenestration; mPAP = mean pulmonary artery pressure.
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