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The Warden procedure for partially anomalous pulmonary
venous connection to the superior caval vein

Daniel J. DiBardino,! E. Dean McKenzie,' Jeffrey S. Heinle,' Jason T. Su,” Charles D. Fraser Jr!

"Division of Congenital Heart Surgery; *Division of Pediatric Cardiology, Baylor College of Medicine,
Houston, TX, USA

Abstract Purpose: When there is partially anomalous pulmonary venous connection to the superior caval vein,
intracardiac repair alone can result in obstruction. Although the Warden procedure involving translocation of
the superior caval vein is commonly performed as an alternative to atriocavoplasty, follow-up of a larger number
of patients in the modern era is lacking. We report and discuss the experience of a single institution with the
Warden procedure for correction of partially anomalous pulmonary venous connection to the superior caval vein.
Merhods: Since 1995, all 16 patients presenting with partially anomalous pulmonary venous connection to the
superior caval vein underwent the Warden procedure at a mean age of 7.1 * 4.2 years, with a range from 0.2
to 14.3 years, and a mean weight of 24.7 = 14.0 kg, with a range from 4.1 to 52.9 kg. There were 9 males and
7 females. In 8 patients, we performed 10 concomitant procedures, including closure of an atrial or ventricular
septal defect in 7, and advancement of the aortic arch in the other. Resz/ts: There were no deaths, and only one
episode of postoperative sinus bradycardia with intermittent junctional rhythm, which resolved spontaneously
during temporary atrial pacing. All patients were discharged home in normal sinus rhythm at an average of
4.1 £ 2.2 days after the procedure, with a range from 2 to 10 days. All are currently in the first grade of the
New York Heart Association up to 5.6 years postoperatively. There is currently no evidence of sinus nodal dys-
function, nor obstruction of the superior caval vein, in any patient. Conclusion: The Warden procedure for par-
tially anomalous pulmonary venous connection to the superior caval vein produces excellent results, preserves
the function of the sinus node, and should be routinely considered for the repair of this lesion.

Keywords: Partially anomalous pulmonary venous return; sinus venosus atrial septal defect; intracardiac repair; atriocavoplasty

ARTIALLY ANOMALOUS PULMONARY VENOUS

connection is a rare lesion, most commonly asso-

ciated with a sinus venosus interatrial commu-
nication. When the anomalous pulmonary veins are
draining to the superior caval vein, intracardiac repair
alone is often not possible. In this setting, Shuster
and associates' were the first to advocate patch atrio-
cavoplasty to allow unobstructed intracardiac repair,
and this approach was subsequently endorsed by
others.?? Nowadays, however, it is more frequent to
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use the Warden procedure, involving placement of an
intracardiac baffle and translocation of the superior
caval vein to the right atrial appendage. Follow-up
of a larger series of patients undergoing this latter
procedure, to the best of our knowledge, is lacking
in the modern era. We report and discuss here the
use of the Warden procedure for partially anomalous
pulmonary venous connection to the superior caval
vein at Texas Children’s Hospital.

Methods

Characteristics of patients

Since the first of July 1995, 16 patients have pre-
sented with partially anomalous pulmonary venous
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Table 1. Symptoms of patients undergoing the Warden procedure
for partial anomalous pulmonary venous return to the superior
caval vein.

Symptom Frequency Percentage
Poor weight gain n=3 19
Easy fatigability n=3 19
Frequent upper respiratory n=2 13
tract infections
Occasional shortness of breath n=2 13
Severe congestive heart failure n=1 6
Grunting and tachypnea n=1 6
Diaphoresis with feeds n=1 6

Figure 1.

Preoperative cross-sectional echocardiogram with Doppler flow
interrogation demonstrating anomalous drainage of the right pul-
monary veins to the superior caval vein. APV: aorto pulmonary
window; ASD: atrial septal defect; LA: left atrium; RA: right

atrium.

connection to the superior caval vein. There were
9 males and 7 females. Mean age was 7.1 = 4.2 years,
with a range from 0.2 to 14.3 years, and mean weight
was 24.7 £ 14.0kg, with a range from 4.1 to
52.9kg. Symptoms were present in 9 patients at the
time of surgical referral (Table 1). Patients without
symptoms were diagnosed after the discovery of a
murmur, and put forward for surgery to limit the
effects of chronic right heart overload. All patients
underwent transthoracic cross-sectional echo-Doppler
examination, while cardiac catheterization was
required for further delineation of concomitant lesions
and hemodynamic assessment in 5 patients (Fig. 1).
Details concerning the precise segment of lung

draining anomalously to the superior caval vein are
listed in Table 2.

Operative technique

All patients underwent median sternotomy and
aortobicaval cannulation. It is essential to cannulate
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Table 2. Segments of lung with anomalous venous drainage the
superior caval vein.

n Lung segment
7 Right lung (all segments)
6 Right upper lobe

3 Right upper and middle lobes

Table 3. Operative data for patients undergoing the Warden
procedure for partial anomalous pulmonary venous return to the
superior caval vein.

Mean Range
Variable (min) (min)

152.1 = 47.6 83-288
76.5 £23.2 53-139

Cardiopulmonary bypass time
Aortic cross-clamp time

Deep hypothermic arrest (n = 1) 29 N/A
Concomitant Procedures Frequency Percentage
Patent Foramen Ovale closure n=>5 42
Ventricular septal defect closure n=2 13

Ligation of aberrant duct n=1 6

Left pulmonary vein ostial resection n =1 6

Aortic arch advancement n=1 6

high at the junction of the superior caval vein with
the brachiocephalic vein when planning the Warden
procedure. After initiating cardiopulmonary bypass,
the intracardiac anatomy is inspected, paying partic-
ular attention to the adequacy of the atrial septal
defect. One patient required enlargement of the
defect, and 1 patient with an intact atrial septum
required atrial septectomy prior to construction of
the intraatrial baffle. The superior caval vein is tran-
sected above the highest returning anomalous vein,
the cardiac end being oversewn with a running
suture. We utilize an autologous pericardial patch to
baffle the orifice of the superior caval vein and the
anomalous pulmonary venous return to the left atrium.
After the completion of any additional intracardiac
repair, the right atrium is closed, and the transected
end of the superior caval vein is translocated to an
opening made in the right atrial appendage. Prior to
completing this anastomosis, it is critical to resect
any potentially obstructing pectinate muscles from
within the atrium. A total of 10 concomitant pro-
cedures were performed in 8 patients, including
advancement of the aortic arch in one patient requir-
ing 29 min of deep hypothermic circulatory arrest.
Operative data are listed in Table 3.

Results

There were no deaths. The mean time to extubation
was 0.5 £ 1.1 days, with a range from 0 to 3 days,
and mean time to discontinuation of inotropes was
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Figure 2.

Late postoperative cross-sectional echocardiogram of the same patient.
Note the presence of the intraatrial baffle and unobstructed pul-
monary venous flow to the left atrium. Abbreviations as in Figure 1.

0.3 £ 0.8 days, again with a range from O to 3 days.
Stridor developed in one patient, necessitating rein-
tubation for 2 days. Sinus bradycardia with inter-
mittent junctional rhythm occurred in one patient,
and resolved spontaneously after 3 days of temporary
atrial pacing. All patients were discharged home in
normal sinus rhythm at an average of 4.1 = 2.2 days
after the procedure, with a range from 2 to 10 days.
All patients are currently in the first grade of the
New York Heart Association functional classifica-
tion up to 5.6 years postoperatively, with a range
from 0.3 to 67.1 months. There is evidence of nei-
ther sinus nodal dysfunction, nor obstruction of the
superior caval vein, in any patient (Fig. 2).

Discussion

Of 109 patients undergoing repair of a sinus venosus
interatrial communication reported by Kyger and
associates’, atriocavoplasty was required in only 6
patients. Although the overall incidence of persist-
ent sinus nodal dysfunction was 11%, this complica-
tion occurred in one-third of the patients undergoing
atriocavoplasty. Trusler and associates’ have reported
on 29 patients with partially anomalous pulmonary
venous connection to the superior caval vein or the
cavoatrial junction. Their atriotomy was only extended
into the superior caval vein in 11 cases, 3 of which
were closed primarily, and 8 of which underwent
atriocavoplasty. In this series, 8 from 18 of these chil-
dren having postoperative catheterization were found
to have narrowing of the atriocaval junction, with
gradients as high as 6 mmHg, while 6 patients were in
junctional rhythm. These experiences demonstrate
the dilemma of augmenting the atriocaval junction.
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Patch atriocavoplasty can raise the risk of produc-
ing sinus nodal dysfunction, while failure to do so
results in an unacceptable incidence of obstruction.
Amongst others, DeLeon and associates® found that
atriocavoplasty was associated with a 13% rate of
sinus node dysfunction, including sinus bradycardia
and intermittent complete heart block requiring
pacer placement, while Agrawal and associates’
recently reported an 8% rate of sinus nodal dysfunc-
tion, including junctional rhythm requiring place-
ment of a pacemaker, on long-term follow-up of
atriocavoplasty.

As far as we are aware, it was Gerbode and his
colleagues® who were the first to report animal experi-
ments involving translocation of the superior caval
vein. Lewis’ then suggested that the anastomosis
may be useful in cases of partially anomalous pul-
monary venous connection, but did not attempt the
procedure in clinical practice. The first clinical expe-
rience was reported in 1958,'" with a second report
appearing in 1967.'"" Pacifico and Kirklin'? then
utilized the atriocaval anastomosis in a patient requir-
ing takedown of a Glenn anastomosis. Warden and his
colleagues, however, had continued to use the tech-
nique for repair of partially anomalous pulmonary
venous connection, and discussed the long-term out-
come in their 14 survivors in 1984."> Obstruction
had developed at the atriocaval anastomosis in one
patient at 11 months, requiring reoperation, while
permanent sinus nodal dysfuction was evident in 3
of 13 patients for whom postoperative electrocardio-
grams were available.

Subsequent to this, surgeons using Warden’s
technique have achieved superior results. Williams
et al.'* described using the technique in 6 patients, all
of whom remained in normal sinus rhythm up to 18
months postoperatively, with no evidence of superior
caval venous obstruction. Gaynor and associates!’
reported comparable success in a series of 11 patients,
all remaining in normal sinus rhythm 2 years or more
after the operation. Obstruction at the baffle requir-
ing reoperation occurred in 1 patient, but no patient
had superior caval venous obstruction. Now, with our
added experience using the Warden procedure, we
conclude that it is a safe and effective technique for
repairing partially anomalous pulmonary venous con-
nection to the superior caval vein, avoiding as it does
the need for patch atriocavoplasty, and preserving the
function of the sinus node. In our opinion, it should
be routinely considered for the repair of this lesion.
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