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Abstract: Objectives: To investigate primary and secondary surgical outcomes following transcaval
repair (TCR), modified Warden repair, and transatrial repair techniques for partial anomalous pul-
monary venous connections (PAPVCs) and sinus venosus atrial septal defects (ASDs). Methods:
This is an observational cohort clinical study. Patients who underwent TCR, modified Warden repair,
and transatrial surgical repair for PAPVC and ASD between January 2003 and October 2019 at our
institution were included in the study. Patients had one of the surgical procedures based on the
anatomy of the defect. Results: Ten patients, seven (70%) males and three (30%) females, were
included in the analysis. Seven patients underwent TCR, two patients the modified Warden tech-
nique, and one patient underwent transatrial surgical repair. Mean age was 57 years ± 14.7. Mean
EuroScore II was 3.4 ± 3.5. The baseline left ventricle ejection fraction was 45 ± 6.5%. No patient
had previous stroke, pacemaker (PM) implantation, or myocardial infarction. Total cardiopulmonary
bypass and cross-clamping time were 123 ± 72.5 and 100 ± 48.5 min, respectively. Mean mechanical
ventilation, mean intensive care unit, and mean hospital length of stay for the transcaval, modified
Warden, and transatrial groups were 4.6 ± 10.7, 5.7 ± 8.8, and 10.5 ± 9.2 days, respectively. Superior
caval or pulmonary venous obstruction, sinus node dysfunction, and PM implantation were not
present at follow-up. The patient who underwent transatrial repair had died at 5.5-year follow-up
due to myocardial infarction. Total survival rate at 6 years was 90%. Conclusions: The findings
from this study elicit that all three techniques have low postoperative morbidity and are feasible and
reliable procedures.

Keywords: transcaval repair; sinus node dysfunction; pulmonary venous obstruction; pacemaker
implantation

1. Introduction

Surgical repair of partial anomalous venous connection (PAPVC) remains one of
the most performed congenital cardiac surgery procedures. The ‘’Achilles heel” for the
correction of PAPVC is the high rate of pacemaker (PM) implantation due to sinus node
dysfunction and superior caval or pulmonary vein obstruction during surgery [1,2]. The
important point is the selection of an appropriate surgical procedure based on the anatomy
of the defect. Adult patients operated upon with the Warden technique had an increased
rate of early complications and reoperation [3]. However, complications such as direct im-
plantation of PAPVC (that has been associated with pulmonary hypertension) or superior
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vena cava (SVC) obstruction [4,5] are not easily mitigated. Surgical techniques to mitigate
the risk of SVC obstruction or sinus node dysfunction include transcaval (TCR), transatrial,
and modified Warden approaches [6,7]. Most studies do not supply information regarding
the surgical outcomes of these techniques, such as incidence of myocardial infarction (MI),
stroke rate, or long-term follow-up [8,9]. On the other hand, PAPVC with ASDs is a rare
anomaly, and most studies in the international literature mainly describe case reports of
these techniques including only between 3 and 20 patients [10–12]. To increase the number
of patients, previous and recent publications tend to group adults and children, expecting
similar outcomes [13,14]. Due to the persistent increased pulmonary and intracardiac pres-
sures in the adult population compared to children, which leads to chronic physiological
changes, we cannot expect similar outcomes between the two populations after cardiac
surgery. Unfortunately, prospective clinical studies have not been conducted to compare
the outcomes of these techniques; thus, the risks of these surgical approaches have not been
systematically weighed against their proposed benefits. Moreover, the impact of a high
EuroScore II value has not been fully investigated. The goal of this study is to investigate
and compare primary and secondary outcomes following surgical repair of PAPVC through
TCR, transatrial, or modified Warden techniques.

2. Material and Methods
2.1. Study Design

This is an observational cohort, single center clinical study with data collected and
entered in an adult congenital heart disease (ACHD) institutional database. Patients with bi-
lateral partial anomalous pulmonary venous connection, patients who refused treatment, or
patients who were missing information were excluded from the study. Surgical indications
were obtained according to the European Society of Cardiology’s clinical guidelines [15].

2.2. Surgical Techniques

All surgical operations were performed by the same surgeon (AD). TCR consisted of a
lateral aspect incision of the SVC extending up to the superior board of the pulmonary vein.
This incision was extended in a cephalad manner and inferiorly to incorporate the junction
of all anomalous pulmonary veins in continuity with the SVC. The incision did not cross the
cavoatrial junction. This allows for excellent exposure both to the anomalous pulmonary
venous orifices in the SVC and to the ASD. There are three important landmarks in the repair
(Figure 1): the ASD rim, the junction of the most superior anomalous pulmonary vein with
the SVC, and the junction of the most inferior anomalous pulmonary vein with the SVC [16].
Transatrial repair consists of an incision of the right atrium and extension of the incision
to the inferior vena cava to increase surgical exposure. The posterior pericardium just
superior to the dome of the left atrium was incised, and the pulmonary venous confluence
was identified with a longitudinal incision made along the entire length of the confluence
to create a wide opening. A matching incision was made on the superior aspect of the roof
of the left atrium, placing gentle traction leftward on the left atrial appendage [17]. The
modified Warden technique consists of a longitudinal incision made along the anterior wall
of the cephalic end of the divided SVC up to the innominate vein–SVC junction, which
is then anastomosed to the posterior edge of the right atrial appendage. The native SVC
orifice in the right atrium is rerouted to the left atrium through the ASD with a pericardial
patch to drain the anomalous pulmonary veins into the left atrium [18]. Preoperative
planning was based on the anomaly location. In the event the PAPVC drained up to
1 cm from the cavoatrial junction, a transatrial technique was applied. In the event that
PAPVC drainage was higher in the SVC, depending on the presence of a left persistent
superior vena cava and its development, a modified Warden or TCR technique was applied.
Patients with a large SVC underwent the TCR technique, while patients with non-large SVC
underwent the modified Warden technique. This was done to avoid SVC obstruction [13]
(Figure 2). Surgical exposure was performed through median sternotomy in all patients.
The pericardium was opened, thus exposing the heart. The SVC was dissected up to the
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azygos vein confluence to obtain adequate surgical exposure. Regarding the cannulation
technique, cardiopulmonary bypass was established through ascending aortic and bicaval
vein cannulation. The superior venous cannula was placed close to the innominate vein
confluence. A third venous cannula was inserted in the presence of a left SVC. A single-
patch technique was used to direct the flow from the anomalous vein through the ASD to the
left atrium. In all patients, an autologous pericardial patch pretreated with glutaraldehyde
was used for the repair. The incision at the SVC was closed primarily.
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2.3. Primary and Secondary Outcomes

The primary outcomes were cardiac death, death from any other cause, PM implan-
tation, SVC or pulmonary vein obstruction, and MI. Secondary outcomes were infection,
stroke, and NYHA class at discharge. With respect to in-hospital outcomes, the analyzed
variables were cardiopulmonary bypass time, aortic cross-clamp time, intensive care unit
(ICU) and in-hospital length of stay, and infection rate. Early, mid, and long-term survival
analyses were performed during check-ups at our hospital.

2.4. Statistical Analysis

Data were extracted manually from the database and analyzed using SPSS version
26 (SAS Institute, Cary, NC, USA). The Ethical Committee approved this manuscript in
accordance with the 1975 Declaration of Helsinki as revised in 2013, IRB 311223. This
research was conducted with the informed and appropriate consent of each participant.

2.5. Clinical Data

Preoperative/postoperative data and complications were based on definitions set
forth in the Society of Thoracic Surgeons’ adult database [19]. Stroke and TIA were defined
according to the Stroke Council of the American Heart Association—American Stroke
Association [20]. Primary pulmonary hypertension is defined by a mean pulmonary artery
pressure >25 mmHg at rest or >30 mmHg during exercise in the presence of pulmonary
capillary wedge pressure ≤15 mmHg [21]. Unilateral total pulmonary venous connection
was defined as two anomalous pulmonary venous connections coming from the same
side. Based on the preoperative data, EuroScore II was calculated to predict the risk of
postoperative mortality. With respect to mortality, we included all deaths after cardiac
surgery, regardless of the cause. Early mortality was defined as mortality occurring during
the first 30 days after operation [22]. The composite endpoint of in-hospital safety (all-cause
mortality, stroke, life-threatening bleeding, acute kidney injury (RIFLE Stage 2 or 3 or renal
replacement therapy)), coronary artery obstruction requiring intervention, major vascular
complication, and valve-related dysfunction were evaluated. The patient selection process
was performed according to STROBE II recommendations.

2.6. Preoperative Evaluation

Preoperative diagnostic check-ups included medication records, routine blood analysis,
an electrocardiogram (ECG), and a chest X-ray. The diagnosis of PAPVC and ASD for all
patients was confirmed by echocardiography and CT-scan imaging. Coronary angiography
was performed in patients older than 40 who presented significant risk factors for coronary
artery disease.

2.7. Postoperative Evaluation

Patients had a postoperative ECG upon ICU arrival and on postoperative day 1, 2, and
3. Postoperative chest X-rays and echocardiography were performed on all patients.

2.8. Definitions

Persistent left superior vena cava (PLSVC) is a rare vascular anomaly that begins at the
junction of the left subclavian and internal jugular veins and passes through the left side of
the mediastinum adjacent to the arcus aorta. It mostly drains into the right atrium via the
coronary sinus (CS). Although PLSVC is infrequent among all vascular anomalies, it is the
most common thoracic venous anomaly. SVC obstruction is a narrowing or blockage of the
superior vena cava (SVC). Pulmonary valve stenosis is a narrowing of the valve located
between the lower right heart chamber (right ventricle) and the lung arteries.
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3. Results

Thirteen patients were initially screened for inclusion in this analysis. Three patients
were excluded from the study due to bilateral partial anomalous pulmonary venous con-
nection (one patient) or the patient refusing treatment (two patients). The final study
population included ten patients (seven males and three females) with PAPVCs and ASDs
that underwent surgical repair (Table 1). The mean age of the patients was 57 ± 14.7 years.
Pulmonary artery hypertension (PAPs > 35 mmHg) was present in six patients. Three
patients had had previous cardiac surgery. Mean EuroScore II was 3.4 ± 3.5. The base-
line left ventricle ejection fraction was 45 ± 6.5%. No patient had previous stroke, PM
implantation, or MI. Patient #1 had permanent atrial fibrillation, persistent left superior
vena cava, and a small right superior vena cava. Patient #2 had a previous ASD closure,
while patient #10 had a previous ASD and a ventricular septal defect repair at 7 months.
Seven patients were treated by TCR (four males and three females, mean age of 51.8), two
by modified Warden procedure (two males, mean age 68), and one by transatrial repair
with unilateral total drainage directly into the right atrium (a 71-year-old male). In five
patients, associated procedures were required to treat valvular disease and/or coronary
artery disease. Patients #1, #3, #7, and #10 required an additional surgical valve procedure.
Patients #3 and #8 underwent concomitant coronary artery bypass.

Table 1. Patients’ characteristics and surgical procedures.

Nr. Male Sex Age at Surgery
(Years) Pulmonary Veins Left SVC Acquired

Disease
Surgical

Procedure
Associated
Procedure

1 Yes 67.4 PAPVC Yes MR + TR Modified Warden MVR + TVR

2 Yes 71.3 PAPVC No - Transatrial -

3 No 67.7 UTAPVC Yes MR + TR + CAD TCR MVR + TVR + CABG

4 Yes 24.9 UTAPVC No - TCR -

5 Yes 68.6 PAPVC No - Modified Warden LA closure

6 No 55.2 UTAPVC No - TCR -

7 Yes 52.2 UTAPVC No TR TCR TVR

8 Yes 63.6 PAPVC No CAD TCR CABG

9 No 59 PAPVC No - TCR -

10 Yes 40 PAPVC + DCRV No TR TCR + PVR + ASD
creation TVR + LA closure

PAPVC—partial anomalous pulmonary vein connection, UTAPVC—unilateral total anomalous vein connec-
tion, DCRV—double chambered right ventricle, MR—mitral regurgitation, TR—tricuspid regurgitation, CAD—
coronary artery disease, TCR—transcaval, PVR—pulmonary valve replacement, MVR—mitral valve replacement,
TVR—tricuspid valve repair, CABG—coronary artery bypass, LA—left auricle.

3.1. In-Hospital Outcomes

Primary outcomes in terms of cardiac death, death from other causes, SVC and
pulmonary vein obstruction, PM implantation, and MI rate were 0% at hospital discharge.
Secondary outcomes included cardiopulmonary bypass and cross-clamp time, which were
123 ± 72.5 min and 100 ± 48.5 min, respectively. Mean mechanical ventilation, mean
ICU, and mean hospital length of stay for the three groups were 4.6 ± 10.7, 5.7 ± 8.8, and
10.5 ± 9.2 days, respectively. Stroke rate was 0% (Table 2). Patient #1 with permanent atrial
fibrillation had early postoperative bradycardia, which resolved without PM implantation.
All patients survived the surgical procedure and were discharged from the hospital. NYHA
class at discharge was III for patient #2 and II for the other patients. There was one urinary
tract in-hospital infection in the TCR group, due to Escherichia Coli, which was treated
medically (Table 3).
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Table 2. Patients in-hospital outcomes.

TCR
7 Patients

Modified Warden
2 Patients

Transatrial Repair
1 Patient

SVC obstruction n (%) 0 0 0

Pulmonary vein obstruction
n (%) 0 0 0

Sinus node dysfunction n (%) 0 1 0

MI n (%) 0 0 0

CPB time minutes
(mean ± SD) 87.25 ± 13.4 132.5 ± 35.2 185

Aortic x-clamp time minutes
mean 54 85 161

Infection n (%) 1 (14.3%) 0 0

Type of infection Urinary tract
(E. coli) 0 0

NYHA class at
discharge mean II II III

Stroke/TIA n (%) 0 0 0

Cardiac deaths n (%) 0 0 0

Death from any other cause
n (%) 0 0 0

Alive at discharge n (%) 7 (100%) 2 (100%) 1 (100%)
SVC—superior vena cava, MI—myocardial infarction, CPB—cardiopulmonary bypass, NYHA—New York Heart
Association, TIA—transient ischemic attack.

Table 3. Postoperative data based on single patients’ outcomes.

Nr. SVC Ob-
struction

Pulmonary
Vein Ob-
struction

Sinus Node
Dysfunction MI Infection Type of

Infection
Stroke or

TIA
Cardiac
Deaths

Death from
Any Other

Cause

Alive at
Dis-

charge

1 No No No No No No No No No Yes
2 No No Yes No Yes E. Coli No No No Yes
3 No No No No No No No No No Yes
4 No No No No No No No No No Yes
5 No No No No No No No No No Yes
6 No No No No No No No No No Yes
7 No No No No No No No No No Yes
8 No No No No No No No No No Yes
9 No No No No No No No No No Yes

10 No No No No No No No No No Yes

SVC—superior vena cava; MI—myocardial infarction: TIA—transient ischemic attack.

3.2. Follow-Up
3.2.1. Primary Outcomes

SVC or pulmonary venous obstruction, sinus node dysfunction, and PM implantation
were not present at follow-up. At follow-up, patient #2, who underwent transatrial repair,
had died of MI by the 5.5-year follow-up. Overall, mean survival at six years was 90%
(Table 4).
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Table 4. Primary outcomes at follow-up.

Transcaval Repair Modified Warden Transatrial Repair

Number of Patients 7 Number of Patients 2 Number of Patients 1

SVC obstruction n (%) 0 0 0

Pulmonary vein obstruction n (%) 0 0 0

MI n (%) 0 0 1 (100%)

PM implantation n (%) 0 0 0

Cardiac death n (%) 0 0 1 (100%)

Death from any other cause n (%) 0 0 0

Alive at follow-up n (%) 7 (100%) 2 (100%) 0

SVC-superior vena cava, MI—myocardial infarction, PM—pacemaker.

3.2.2. Secondary Outcomes

The impact of a high EuroScore II value on long-term survival was significant, as
demonstrated by the death of patient #2 (Table 5).

Table 5. The impact of EuroScore II > 7 on long-term survival.

Patients with EuroScore II > 7 Survival Time in Years

Patient #2 5.5 years

4. Discussion

The number of adults diagnosed with congenital cardiac abnormalities is higher than
the number of children due to an improved assessment of cardiac anatomy and medical
imaging diagnosis in adults [23]. The main findings from this study can be summarized
as follows: Firstly, TCR was utilized in 70% of patients with ACHD, including patients
with unilateral total anomalous venous connection and ASDs. This technique was shown
to have a high survival rate (100%) and few postoperative complications. However, one
patient had an episode of postoperative bradycardia that was medically treated. Secondly,
the surgical incision at the SVC during TCR is performed away from the sinus node and its
artery, compared to the transatrial technique [24]. As a result, patients who were treated
with TCR (seven patients) presented with persistent sinus rhythm post-surgery. Thirdly,
the TCR, modified Warden, and transatrial techniques resulted in no incidence of SVC or
pulmonary vein obstruction. This finding is in contrast with data reported by Park et al. [8],
who described a high incidence of caval obstruction and stenosis among 3 out of 30 patients
during the first postoperative year following TCR. In addition, Shariari et al. [25] reported
pulmonary venous stenosis among their patient population following TCR repair. Our
study did not evidence these complications, which further emphasizes the complexity of
this procedure and the importance of a surgeon’s experience. On the other hand, Chandra
et al. [26] showed good surgical outcomes with the modified Warden technique. Fourthly,
we had good outcomes at follow-up in terms of survival rate compared to other clinical
studies [26]. Due to the small number of patients undergoing cardiac surgery with this
specific indication for congenital PAPVC repair, most publications tend to group adults
and children, expecting similar outcomes [13]. Due to persistent increased pulmonary and
intracardiac pressure in the adult population compared to children, which leads to chronic
physiological changes, we cannot expect similar outcomes between the two populations
after cardiac surgery.

Fifthly, the appropriate technique must be chosen depending on the anatomy of
the PAPVC.

We performed research on postoperative echocardiographic outcomes after PAPVC
repair in the literature (Table 6).
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Table 6. Postoperative echocardiographic outcomes after PAPVC repair in the literature.

Study and Year
Country of

Origin of the
Study

Journal
Published

Number of
Patients

Age Years
(SD)

Type of
Anomaly Qp:Qs

Pulmonary
Stenosis

N (%)
RVSP mmHg Obstructed SVC

n(%) LVEF % ASD

Touray et al.
2020 [27] Switzerland EHJ 168 40 ± 17 TAPVC +

PAPVC 1.2 ± 0.3 6 (5) 16.8 ± 4.6 5 (4) 62 ± 6 106
(82%)

Rodriguez-Collado
1997 [28] Mexico JCTVS 19 26.2 ± 6.5 TAPVC +

PAPVC NR NR 37.4 ± 14.4 NR 55 NR

Majdalany et al.
2010 [29] USA Congenital Heart

Dis. 28 42 PAPCV +
TAPVC 1.8 1 24–85 NR 55 NR

Griffeth et al.
2022 [30] USA Annals 75 39 (21–57) PAPVC NR NR 30 NR 63 NR

RVSP—right ventricular pulmonary pressure, LVEF—left ventricular ejection fraction, ASD—atrial septal defect,
SVC—superior vena cava.

Surgical outcomes in adult patients with PAPVC are important. An experienced heart-
team including cardiologists, anesthesiologists, perfusionists, and nurses is essential for
good results.

When using other techniques, a higher incidence of rhythm disturbance should be
considered. Due to recent technical developments, some surgeons have been able to
perform a minimally invasive approach through either right or left minithoracotomy to
repair this anomaly with good results. However, this type of approach is based on a
surgeon’s experience and the learning curve associated with this procedure. High-volume
centers may prefer this approach due to the potential benefit to the patient. Nevertheless,
single-lung ventilation may be required to achieve appropriate surgical exposure. In
line with other studies, we have included patients who underwent additional surgical
procedures. The outcome of this study may help to identify those patients who would
benefit from referral to experienced cardiac centers.

5. Limitations

Although this study elicits significant findings on PAPVC and ASD treatment meth-
ods, several limitations need to be acknowledged. Given the retrospective design of the
investigation, a bias with respect to data collection exists. Furthermore, confounding
variables such as patient ethnicity, body mass index, history of diabetes, and acquired dis-
eases, and the long-standing left-to-right shunt, could have impacted patient complications
and survival rates. The size of the patient population is an additional limitation as only
10 patients were included in this study. The STS score includes multiple cofactors, such as
illicit drug use, alcohol use, severity of carotid stenosis, etc., that were not present in our
database. Therefore, we used EuroScore II as a predictive risk score. In addition, we did not
report a frailty score, symptoms of the patients, SPO2 in RA, right ventricle end-diastolic
volume, pulmonary artery pressure, pulmonary valve flow velocity, or Qp/Qs because
these parameters were not available in our database. Multi-institutional studies performed
over a long postoperative period on a larger patient population should be conducted to
further validate the findings from this investigation.

6. Conclusions

Our findings suggest that the three surgical approaches may each play a role, although
a definitive answer cannot be given at present in terms of technique superiority. A multi-
center study would be required for validation purposes.
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