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Survival after bidirectional cavopulmonary anastomosis:
Analysis of preoperative risk factors
Mark A. Scheurer, MD,a Elizabeth G. Hill, PhD,d Nagavardhan Vasuki, MD,b Scott Maurer, MD,c Eric M. Graham, MD,e

Varsha Bandisode, MD,e Girish S. Shirali, MBBS,e Andrew M. Atz, MD,e and Scott M. Bradley, MDf
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Objective: Prognostic factors for survival after bidirectional cavopulmonary anas-
tomosis for functionally single ventricle are not well defined. We analyzed preop-
erative hemodynamic and echocardiographic data to determine risk factors for death
or transplantation at least 1 year after bidirectional cavopulmonary anastomosis.

Methods: Data for all patients who underwent bidirectional cavopulmonary
anastomosis before 5 years of age at our institution from September 1995
through June 2005 were analyzed. Available preoperative echocardiograms and
catheterizations were reviewed. Survivors were compared with those who died
or underwent transplantation. Bivariable associations between demographic and
clinical risk factors and survival status (alive without transplantation vs dead or
transplanted) were assessed with Wilcoxon rank sum test and �2 or Fisher exact
tests. Survival functions were constructed with Kaplan–Meier estimates, and
event times compared between subgroups with log–rank tests. Cox proportional
hazard modeling was used for multivariable modeling of risk of death or
transplantation.

Results: One hundred sixty-seven patients underwent bidirectional cavopulmonary
anastomosis with hemi-Fontan (n � 62) or bidirectional Glenn (n � 105) opera-
tions. Three patients died before discharge, 11 died later, and 1 has undergone
transplantation. Freedom from death or transplantation after bidirectional cavopul-
monary anastomosis was 96% at 1 year and 89% at 5 years. Multivariable analysis
of preoperative variables showed atrioventricular valve regurgitation to be an
independent risk factor for death or transplantation (hazard ratio 2.8, 95% confi-
dence interval 1.1–7.1, P � .02).

Conclusion: Although survival after bidirectional cavopulmonary anastomosis is
high, preoperative atrioventricular valve regurgitation is an important risk factor for
death or transplantation.

T he creation of a bidirectional cavopulmonary anastomosis (BCPA) for the
patient with a functionally single ventricle is an effective strategy for
intermediate staged palliation before the Fontan procedure.1 Initially de-

signed as the final surgical procedure for patients with single-ventricle physiology,
the BCPA evolved into an intermediate staging procedure for those patients who
were deemed at high risk for proceeding directly to the Fontan procedure. 2,3 With
mounting evidence of improvements in survival and morbidity with the staged
approach, the BCPA is now routinely used by most centers as a staging procedure
before Fontan completion.4

Although echocardiograms and elective hemodynamic catheterizations are rou-
tinely performed before BCPA in many cases, limited data exist in the literature
defining prognostic factors for survival after BCPA. The goal of this study was to
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define which of the routinely collected preoperative vari-
ables were predictive of death or transplantation after BCPA
at our institution.

Materials and Methods
Patient Population
The institutional review board for human research of the Medical
University of South Carolina approved the use of patient medical
records for this retrospective review. From 1995 through the present,
our institution has routinely performed BCPA in patients with single-
ventricle physiology as staged palliation before the Fontan procedure.
From September 1, 1995, through June 30, 2005, a total of 167
patients 5 years old or younger with single-ventricle physiology
underwent BCPA performed by a single surgeon (S.M.B.) at the
Medical University of South Carolina. At the discretion of the sur-
geon, these patients underwent bidirectional Glenn or hemi-Fontan
operations. Data from all 167 patients are included in the analysis.
Patient demographic characteristics, cardiac anatomic morphology,
perioperative variables, and hospital course were reviewed for each
patient. All patients’ courses were followed until death, transplanta-
tion, unavailability for follow-up, or June 30, 2006, whichever came
first. A patient’s time to death or transplantation was censored if the
patient was lost to follow-up or did not experience transplantation or
die by the end of the follow-up period.

Study Design
Complete two-dimensional, pulse-wave Doppler, and color Dopp-
ler echocardiograms and complete hemodynamic catheterizations
are routinely performed before BCPA at our institution. All avail-
able echocardiographic and catheterization reports before BCPA
were retrospectively reviewed for each patient. One hundred sev-
enteen echocardiograms (including all performed after March
1999) and 163 catheterizations were sufficiently complete to allow
for data analysis.

Echocardiograms
The last complete echocardiogram before BCPA for each patient
was included for analysis. Subjective grades for both atrioventric-
ular valve regurgitation and systemic semilunar regurgitation were
reported on an ordinal scale from 0 (none) to 4 (severe) in half-unit
increments. Similarly, ventricular function of the systemic ventri-
cle was graded on an ordinal scale from 0 (severe dysfunction) to
4 (normal) in half-unit increments.

Catheterizations
All hemodynamic data were gathered retrospectively from reports
produced at the time of the catheterization. Concomitant proce-
dures, including balloon or blade atrial septostomy and balloon
dilation of coarctation, were recorded. For those with interven-
tional procedures, hemodynamic data recorded after the procedure
were included in the analysis.

Statistical Analysis
Measures of central tendency and dispersion are expressed in terms of
median and range (rather than mean and SD) because of observed
skewness in the distributions of predictor variables. Bivariable asso-
ciations between demographic or clinical risk factors and survival
status (alive versus dead or having undergone transplantation) were
assessed with Wilcoxon rank sum test and �2 or Fisher exact tests for
continuous and categorical variables, respectively. Survival functions
were constructed with Kaplan–Meier estimates, and event times were
compared between subgroups with log–rank tests.

To accommodate multivariable modeling, a multiple imputa-
tion model with predictive mean matching was used to augment
missing covariate data.5 Multiple imputation has been shown to
produce efficient and unbiased estimates if the data are missing at
random.5,6 Specifically, we assume that the quality of being miss-
ing was possibly associated with other observed variables but was
not related to the value of the partially observed variable itself. In
our data, missing covariate information was primarily attributable
to the year in which the patient underwent BCPA but was unre-
lated to the variable’s value, thus satisfying the missing at random
assumption. According to recommendations that the imputation
model contain a comprehensive subset of variables, we constructed
the multiply imputed data from a model containing the following:
all perioperative variables (with the exception of balloon dilation
of coarctation and atrial septostomy), a variable indicating whether
the patient underwent BCPA before 2000, the time to death or
transplantation, and a censoring indicator.7 Subsequent regressions
that were based on the imputation data with Cox proportional
hazard modeling were used to identify independent risk factors for
death or transplantation. Risk estimates were obtained as the average
across the regressions, with corresponding interval estimates reflect-
ing both within- and between-imputation variability.

The number of hazard regression model covariates was limited
by the total number of events (deaths or transplants) in the study.8,9

Because of the small number of events in this analysis (15 total),
we considered for inclusion in the model only those perioperative
variables found to be significant in univariate analyses. The pres-
ence of collinearity between predictors was investigated; if
present, one variable was excluded from the final model. Both the
proportional hazards assumption and the functional form of con-
tinuous model variables were assessed according to cumulative
sums of martingale-based residuals.10

All statistical tests were 2-sided, and type I error was controlled
at a level of .05. Analyses were performed with SAS (version 9.1;
SAS Institute, Inc, Cary, NC), SPSS (version 14.0; SPSS Inc,
Chicago, Ill), and Sigmaplot (version 10.0; Systat Software, Inc,
Point Richmond, Calif). Multiply imputed data sets were generated
with the MICE package11 in R (R Development Core Team, 2005).

Results
Patient Outcomes
Of the 167 patients who underwent BCPA, 3 died within 30
days of the operation (Figure 1). One of these patients had
Ebstein anomaly with pronounced atrialization of the right
ventricle and severe tricuspid regurgitation and was unable
to be weaned from extracorporeal membrane oxygenation
after a bidirectional Glenn operation, modified Blalock–

Abbreviations and Acronyms
BCPA � bidirectional cavopulmonary anastomosis
HLHS � hypoplastic left heart syndrome
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Taussig shunt, and tricuspid valvuloplasty. The other 2 patients
had hypoplastic left heart syndrome (HLHS): 1 with bilateral
superior venae cavae and moderate to severe tricuspid regur-
gitation requiring a tricuspid valvuloplasty and profound re-
fractory cyanosis and the other with postoperative mediastinitis
and peritonitis.

Six other patients died before undergoing a Fontan pro-
cedure, at a median of 3.9 months (1.3–46 months) after
BCPA. One with HLHS, moderate tricuspid regurgitation,
and poor ventricular function died 1.5 months after BCPA,
tricuspid valvuloplasty, and Blalock–Taussig shunt. An-
other patient with HLHS and severe tricuspid regurgitation
died 3.3 months after BCPA and tricuspid valvuloplasty
while being considered for transplantation. A patient with
double-inlet left ventricle morphology died for unknown
reasons while at home 1.3 months after an uncomplicated
BCPA. A patient with an unbalanced atrioventricular septal
defect and moderate common atrioventricular valve regur-
gitation died 4.3 months after BCPA and common atrioven-
tricular valvuloplasty. A 4-year-old with a double-inlet left
ventricle, severe ventricular dysfunction, and aortic regur-
gitation died during catheterization to evaluate for trans-
plantation candidacy 3 years after BCPA. More than 3.5
years after BCPA, a 5-year-old child with trisomy 21, an
unbalanced atrioventricular septal defect, and bilateral superior
venae cavae died. This child had undergone a common atrio-
ventricular valvuloplasty and Blalock–Taussig shunt insertion
1 year after BCPA.

At 5 years of age, nearly 4.5 years after BCPA, 1 patient
with HLHS, severe ventricular dysfunction, and tricuspid
regurgitation underwent orthotopic heart transplantation.
This patient is alive at a follow-up of 18 months. Six
patients became unavailable for follow-up before a planned
Fontan operation (3.6%).

Ninety patients have undergone a fenestrated Fontan
procedure at a median of 3.3 years of age (1.1–7.7 years).
Eighty-five of these patients are alive at a median follow-up
of 3.8 years (4.7 months–9.2 years) from the time of Fontan
completion. Two patients died within 1 month of the Fontan

procedure, and 3 died remotely at 2 months and at 1.4 and
4.4 years from the time of Fontan completion. In the peri-
operative period, 1 child died as the result of mediastinitis
and another child, with severe developmental delay, died as
the result of aspiration events. Of the 3 remote deaths, 1 was
as a result of a hypercoagulable state with resultant systemic
thromboembolic events across the fenestration, 1 was as a
result of profound protein-losing enteropathy during con-
sideration for transplantation, and 1, of a child with trisomy
21, was caused by severe ventricular dysfunction, elevated
Fontan pressures, and esophageal varices culminating in
profound esophageal variceal bleeding.

The overall freedoms from death or transplantation for all
patients were 96% at one year and 89% at 5 years (Figure 2).
The median follow-up for all patients was 4.4 years (3 days-
10.7 years).

BCPA
n = 167 

Death at BCPA
n = 3 

Death prior to 
Fontan 
n = 6 

OHT prior to 
Fontan 
n = 1 

Awaiting 
Fontan 
n = 61 

Fontan 
n = 90 

Death at Fontan
n = 2 

Death after 
Fontan 
n = 3 

Alive after 
Fontan 
n = 85 

Lost to
 Follow-up 

n = 6 

Figure 1. Outcomes of 167 patients who underwent bidirectional cavopulmonary anastomosis (BCPA). Minimum
follow-up for all patients was 1 year or occurrence of death or transplantation (OHT).
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Figure 2. Kaplan–Meier plot of freedom from death or transplan-
tation after bidirectional cavopulmonary anastomosis (BCPA) for
entire cohort (n � 167).
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Demographic and Morphologic Characteristics
Bivariable associations of demographic variables with sur-
vival status revealed no statistically significant differences
between those who lived and those who died or underwent
transplantation (Table 1). Among anatomic subtypes, only
those who had the diagnosis of an unbalanced atrioventric-
ular septal defect or the presence of bilateral superior venae
cavae were more likely to have died or undergone trans-
plantation. Among the study patients with bilateral superior
venae cavae, 2 patients underwent ligation of a small ac-
cessory vena cava at the time of hemi-Fontan, whereas all
others had bilateral BCPA performed.

No patient with tricuspid atresia (n � 27) or pulmonary
atresia and intact ventricular septum (n � 4) who underwent
BCPA died or received a transplant in follow-up.

Preoperative Echocardiography and Catheterization
Analyses of preoperative echocardiograms revealed that
those who remained alive had less atrioventricular valve
regurgitation than did those who died or underwent trans-
plantation (Table 2). Those remaining alive after BCPA had
lower preoperative end-diastolic pressure of the systemic
ventricle, lower transpulmonary gradient, and lower pulmo-
nary vascular resistance than did those who died or under-
went transplantation.

Perioperative Variables
Proportionally, more patients who died or underwent
transplantation (7/15) than those remaining alive (12/
152) underwent repair of the systemic atrioventricular
valve during BCPA (P � .001) (Table 3). Seventeen of
the 117 patients in this study with adequate preoperative
echocardiograms for analysis were found to have at least
moderate atrioventricular valve regurgitation. Thirteen of
these 17 (76%) underwent repair of the valve at the time
of BCPA. Among those 13 patients who underwent repair
of the atrioventricular valve and had at least moderate
atrioventricular valve regurgitation, 10 had HLHS, 3 had
an unbalanced atrioventricular septal defect, and 1 had
Ebstein anomaly; 2 with HLHS and 2 with an unbalanced
atrioventricular septal defect died. Among the 4 patients
who had at least moderate atrioventricular valve regur-
gitation by echocardiography but did not undergo an
atrioventricular valvuloplasty at the time of BCPA, 1 has
undergone orthotopic heart transplantation.

Three of the 15 patients who have died or undergone
transplantation had an additional source of pulmonary blood
flow through the insertion of a systemic–pulmonary shunt or
maintenance of native antegrade pulmonary blood flow, as
opposed to only 2 of the event-free survivors (P � .01). Of
the 4 patients who had a modified Blalock–Taussig shunt
placed at the time of BCPA, only 1 was alive at follow-up.
Before the operation, all 4 of these patients had relatively

small pulmonary arteries according to the Nakata index and
also had elevated mean pulmonary arterial pressures. Those
who died or subsequently underwent transplantation were
mechanically ventilated longer and had a longer total stay at
the time of BCPA.

Freedom From Death or Transplantation
The Kaplan–Meier survival curves presented in Figures E1
through E6 show estimates of freedom from death or trans-
plantation to 11 years after BCPA in patient groups dichot-
omized by certain preoperative variables. In each of these
analyses, it appears that the probability of freedom from
death or transplantation diverges for each set of patients at
2 to 3 years after BCPA. In this study, the median time to
Fontan operation after BCPA was 2.5 years (0.5-6.7 years).
To further evaluate the early risk of death or transplantation,
separate survival analyses were done for all patients up to 3
years from BCPA. All dichotomized patient groups shown
in Figures E1–E6 were also found to have significantly
different transplantation-free survival rates up to 3 years
after BCPA.

Multivariable Analysis
Table 4 summarizes results of the Cox proportional hazard
modeling for 15 multiply imputed data sets. Multivariable
analysis of preoperative variables showed only atrioventric-

TABLE 1. Demographic and cardiac morphologic charac-
teristics of patients undergoing bidirectional cavopulmo-
nary anastomosis

Characteristic
Alive

(n � 152)
Death or OHT

(n � 15) P value

Demographic
Age at anastomosis (mo) 6.7 (2.4–31.8) 8.0 (3.0–15.9) .43
Weight at catheterization

(kg)
6.1 (3.4–12.1)* 5.9 (4.1–10.7) .47

Male sex 93 (61%) 10 (67%) .68
Era (2000-2005) 97 (64%) 7 (47%) .19

Morphologic
Left ventricular dominance 58 (38%) 4 (27%) .38
Hypoplastic left heart

syndrome
71 (47%) 8 (53%) .62

Unbalanced
atrioventricular septal
defect

10 (7%) 4 (27%) .02†

Bilateral superior venae
cavae

18 (12%) 5 (33%) .04†

Interrupted inferior vena
cava

8 (5%) 0 (0%) �.999†

Values are median with range or number of patients for continuous and
categorical variables, respectively. P values are obtained from Wilcoxon
rank–sum test (continuous variables) and �2 test (categorical variables)
except as noted. OHT, Orthotopic heart transplantation. *Data for 150
patients. †Fisher exact test.
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ular valve regurgitation to be an independent risk factor for
death or transplantation (hazard ratio 2.8, 95% confidence
interval 1.1–7.1, P � .02). We considered the following for
inclusion in the model: atrioventricular valve regurgitation,
single-ventricle end-diastolic pressure, transpulmonary gra-
dient, and pulmonary vascular resistance. There was evi-
dence of moderate collinearity between pulmonary vascular
resistance and transpulmonary gradient (Spearman correla-
tion 0.6). With the additional concern of model parsimony,
we excluded pulmonary vascular resistance from the model.
Even with the imputed data, the total number of deaths or
transplantations was small (15 events total), resulting in a
rate of 5 events per variable in the final 3-variable model.
This low event rate precluded investigation of variable
interactions. Assessment of the proportional hazards as-
sumption and the functional forms of the three model co-
variates according to cumulative sums of martingale resid-
uals10 indicated adequate model fit.

Discussion
This study helps to define commonly collected preoperative
patient characteristics that distinguish patients at highest
risk for death or transplantation after BCPA. Despite the
ventricular volume unloading associated with the BCPA
and its possible favorable impact on atrioventricular annular
dilation, preoperative atrioventricular valve regurgitation
was found to be a significant risk factor for death or trans-
plantation after BCPA. Although an increase in atrioven-
tricular valve regurgitation has not been shown in other
analyses12,14 to be associated with less favorable outcomes,
our study suggests it to be an important short- and long-term
prognosticator. Although some patients with at least moderate
atrioventricular valve regurgitation have fared well in our se-
ries and probably benefited from the hemodynamic conse-
quences of BCPA, an important subgroup fared poorly.

Previous studies found no decrease in survival among
patients who underwent repair of the systemic atrioventric-

TABLE 2. Echocardiographic and catheterization variables before bidirectional cavopulmonary anastomosis
Alive Death or transplantation

Variable No. Value No. Value P value

Echocardiographic
Atrioventricular valve regurgitation (0-4 ordinal scale) 109 8

Median 2 (0–4) 3 (1–3.5) .01
Moderate or more (�3, No.) 12 (11%) 5 (63%) �.01

Semilunar valve regurgitation (0-4 ordinal scale) 109 8
Median 0 (0–2.5) 0.5 (0–2) .10
Present (�0, No.) 26 (24%) 4 (50%) .20

Single ventricle function (0-4 ordinal scale) 109 8
Median 4 (2–4) 4 (4–4) .31

Catheterization
Single-ventricle end-diastolic pressure (mm Hg) 144 15

Median 8 (2–22) 11 (7–17) .02
�12 mm Hg (No.) 25 (17%) 7 (47%) .01

Transpulmonary gradient (mm Hg) 132 12
Median 6 (1–36) 8.5 (4–12) .03
�9 mm Hg (No.) 20 (15%) 6 (50%) �.01

Pulmonary vascular resistance (U · m2) 135 10
Median 1.8 (0.3–7.1) 2.4 (1.3–4.8) .01
�2 U · m2 (No.) 55 (41%) 9 (90%) �.01

Mean pulmonary arterial pressure (mm Hg) 134 12
Median 13.3 (6–42) 16.5 (7–20) .12
�18 mm Hg (No.) 17 (13%) 4 (33%) .07

Atrial pressure (mm Hg) 139 13
Median 7 (1–15) 8 (3–9) .41
�7 mm Hg (No.) 72 (52%) 9 (69%) .26
Nakata index (mm2/m2, median) 134 198.5 (48–802) 14 184.5 (60–479) .27
Ratio of pulmonary to systemic resistance (median) 128 0.11 (0.01–0.50) 10 0.13 (0.05–0.27) .18
Ratio of pulmonary to systemic flow (median) 137 1.16 (0.23–4.70) 11 1.04 (0.37–1.69) .24
Balloon dilatation of coarctation 150 20 (13%) 15 2 (13%) �.999
Atrial septostomy 150 6 (4%) 15 0 (0%) �.999

P values obtained with Wilcoxon rank–sum test (continuous variables) and Fisher exact test (categorical variables).
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ular valve at the time of BCPA.12,14 The need for atrioven-
tricular valve repair of any type was collinear with atrio-
ventricular valve regurgitation in our analysis and strongly
associated with subsequent death or transplantation. This
finding is consistent with the analysis of the multicenter
Congenital Heart Surgeons Society database report of tri-
cuspid valvuloplasty at BCPA in HLHS as an independent
risk factor for death after BCPA.15

It is probable that both the exact anatomic mechanism of
atrioventricular valve regurgitation (whether annular dila-
tion, valve prolapse, chordal tethering, or another mecha-
nism) and the specific surgical approaches to the regurgita-
tion significantly affect survival after BCPA. In our study,
because of the relatively small numbers of patients with
heterogeneous anatomic diagnoses and unspecified mecha-
nisms of valvular regurgitation, further meaningful analysis
and interpretation of data from those who underwent val-
vuloplasty was not possible. In the future, prospective stud-
ies that delineate the exact mechanisms of atrioventricular
valve regurgitation by means of emerging technologies,
such as 3-dimensional echocardiography, and the prospec-
tive collection of the surgical methods used to correct the
regurgitation will be essential in defining which subgroups
of patients have more favorable outcomes.

The interactions of pulmonary arterial pressure, atrial
pressure, atrioventricular valve regurgitation, and ventricu-
lar function contribute to the postoperative physiologic state
in patients who undergo BCPA. In previous studies, ele-
vated pulmonary arterial pressure after Glenn and Fontan
procedures has been shown to be an independent marker of
poor long-term outcome.12,16 In this study, neither preoper-
ative atrial pressure, mean pulmonary arterial pressure, nor
pulmonary vascular resistance was found to be indepen-
dently associated with death or transplantation. We also
examined transpulmonary gradient, which, representing the
difference between pulmonary arterial and atrial pressure,
incorporates both measurements. Although strongly associ-

ated with time to death or transplantation in univariate
testing, transpulmonary gradient was not found to be inde-
pendently associated with a poor outcome in this cohort.

Systemic ventricle end-diastolic pressure of at least 12 mm
Hg was found to be associated with decreased survival in
univariate analysis but was not found to be associated with
poor outcome in multivariable testing. Because echocardio-
graphically assessed ventricular function was not different
between groups, investigations of the important relationships
between ventricular function and end-diastolic pressure and
atrioventricular valve regurgitation could not be made.

Previous studies of patients with complete cavopulmo-
nary connections have shown heterotaxy syndrome to be
associated with poor long-term survival.13 In our study,
common anatomic components of either right or left atrial
isomerism pertinent to the surgical approach required at
BCPA were included for analysis. Those who underwent a
Kawashima variation of BCPA because of an interrupted
inferior vena cava with azygous continuation to a superior
vena cava were at no increased risk of death or transplan-
tation in follow-up when compared in univariate analysis
with those who had an intact inferior vena cava. In univar-
iate analysis, the presence of bilateral superior venae cavae
(and thus either ligation of a superior vena cava or bilateral
BCPAs at the time of second-stage palliation) and unbal-
anced atrioventricular septal defect were associated with
death or transplantation. Multivariable analysis, however, did
not elucidate an independent effect of either anatomic variant.
In this study, no complete data existed to evaluate the influ-
ences of known chromosomal abnormalities, significant devel-
opmental delays, or the presence of pulmonary venous obstruc-
tion on transplantation-free survival after BCPA.

As suggested in separate actuarial transplantation-free
survival analyses at 3 years of follow-up, at least some of
the risks that each subgroup carries are borne before or at
the typical timing of Fontan completion. The beneficial
hemodynamic effects of BCPA for single-ventricle physi-
ology have been well documented.17-19 Survival of patients

TABLE 3. Operative factors and postoperative course at
bidirectional cavopulmonary anastomosis

Alive
(n � 152)

Death or OHT
(n � 15) P value

Operative factors Value Value
Atrioventricular

valvuloplasty (No.)
12 (8%) 7 (47%) �.001

Additional pulmonary
blood flow source (No.)

2 (1%) 3 (20%) �.01

Hemi-Fontan (No.) 59 (39%) 5 (33%) .79
Postoperative course

Intubation time (d, median) 1 (0–54) 3 (1–39) �.001
Stay (d, median) 8 (4–103) 14 (5–166) �.01

P values obtained from Wilcoxon rank sum test (continuous variables) and Fisher
exact test (categorical variables). OHT, Orthotopic heart transplantation.

TABLE 4. Multivariable analysis based on 15 data sets
with missing data multiply imputed: Independent risk fac-
tors for death or transplantation after bidirectional cavo-
pulmonary anastomosis (n � 167)

Preoperative variables
Hazard
ratio*

95% Confidence
interval P value

Atrioventricular valve
regurgitation

2.8 1.1–7.1 .02

Transpulmonary gradient (mm Hg) 1.1 1.0–1.2 .24
Single-ventricle end-diastolic

pressure (mm Hg)
1.1 0.9–1.2 .34

Total number of deaths and transplantations was 15. *Hazard ratios are
based on a 1-unit increase in the value of the corresponding covariate.
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ultimately destined to undergo the Fontan operation has
been improved with the interposition of a BCPA operation.1

As defined by this and previous studies, some subgroups of
patients after BCPA have decreased survival at short- and
long-term follow-up. Orthotopic transplantation after a bi-
directional Glenn or Fontan operation has been associated
with 10-year survivals comparable to those of patients under-
going transplantation for other reasons.20 Further, Michielon
and colleagues21 have suggested that BCPA could be consid-
ered the best bridge to transplantation for patients with failing
single-ventricle physiology. With the identification and careful
follow-up of patients at high risk for death, orthotopic trans-
plantation could be carefully considered for selected patients
before attempts at Fontan completion. The use of the BCPA as
a final palliative surgical procedure, as suggested by some
authors, was not evaluated in this study, because all patients
were intended to receive Fontan completion provided they did
not first die or undergo transplantation.22,23

Limitations
This study was retrospective in nature and subject to the biases
inherent in such analyses. In particular, this study was affected
by selection bias caused by including only patients on whom
BCPA had been performed, not all patients for whom BCPA
was considered. This study was not designed or meant to
describe interstage mortality or the rate of nonintervention for
all patients who in the future might be candidates for BCPA for
anatomic and physiologic reasons. Therefore, the results of this
study cannot be extrapolated to all patients for whom BCPA
would be considered in the future.

Echocardiographic data were limited to 117 patients
since 1999, and thus data for 6 of 15 patients who died after
BCPA are not available. Quantitative analyses of ventricular
function, such as the measurement of �p/�t, were not per-
formed at the time of the initial reading.24,25 Additionally,
routine recordings of the angiographic grade of ventricular
function or atrioventricular valve regurgitation were not avail-
able to validate echocardiographic findings.

Complete data for a greater number of patients, and in
particular for those who died or underwent transplantation,
would facilitate identification of other independent risk fac-
tors through multivariable modeling. The limited data in
this study preclude the full evaluation of complex interac-
tions that likely exist between the hemodynamic and mor-
phologic variables in these patients.

Conclusions
Transplantation-free survival after BCPA is high when the
procedure is used as a palliative before the Fontan proce-
dure. At least moderate atrioventricular valve regurgitation
is a significant risk factor for death or transplantation. The
elucidation of the complex relationships between ventricu-
lar function and atrioventricular valve regurgitation and the

exact mechanism of atrioventricular valve regurgitation in
the patient with single-ventricle physiology are important
goals of future investigations. Careful consideration is
needed to determine the best long-term management of
patients determined to be at high risk.
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Figure E1. Kaplan–Meier plot of freedom from death or transplantation after bidirectional cavopulmonary anas-
tomosis (BCPA) by classification of pulmonary vascular resistance (Rp).
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Figure E2. Kaplan–Meier plot of freedom from death or transplantation after bidirectional cavopulmonary anas-
tomosis (BCPA) by classification of single-ventricle end-diastolic pressure (SVedp).
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Figure E3. Kaplan–Meier plot of freedom from death or transplan-
tation after bidirectional cavopulmonary anastomosis (BCPA) by
classification of transpulmonary gradient (TPG).
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Figure E4. Kaplan–Meier plot of freedom from death or transplan-
tation after bidirectional cavopulmonary anastomosis (BCPA) by
presence of presence of bilateral superior venae cavae (SVC).
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Figure E5. Kaplan–Meier plot of freedom from death or transplan-
tation after bidirectional cavopulmonary anastomosis (BCPA) by
presence of unbalanced atrioventricular canal (UAVC).
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Figure E6. Kaplan–Meier plot of freedom from death or transplan-
tation after bidirectional cavopulmonary anastomosis (BCPA) by
degree of preoperative atrioventricular valve regurgitation
(AVVR).
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