Pająk et al. Cardiovascular Ultrasound (2017) 15:21
DOI 10.1186/s12947-017-0114-7

RESEARCH

Open Access

Preoperative single ventricle function
determines early outcome after secondstage palliation of single ventricle heart
Jacek Pająk1* , Michał Buczyński1, Piotr Stanek2, Grzegorz Zalewski2, Marek Wites2, Lesław Szydłowski3,
Bogusław Mazurek3 and Lidia Tomkiewicz-Pająk4

Abstract
Background: Second-stage palliation with hemi-Fontan or bidirectional Glenn procedures has improved the outcomes
of patients treated for single-ventricle heart disease. The aim of this study was to retrospectively analyze risk factors for
death after second-stage palliation of single-ventricle heart and to compare therapeutic results achieved with the
hemi-Fontan and bidirectional Glenn procedures.
Material and methods: We analyzed 60 patients who had undergone second-stage palliation for single-ventricle
heart. Group HF consisted of 23 (38.3%) children who had been operated with the hemi-Fontan method; Group BDG
consisted of 37 (61.7%) who had been operated with the bidirectional Glenn method. The analysis focused on 30-day
postoperative mortality rates, clinical and echocardiographic data, and early complications.
Results: The patients’ ages at the time of repair was 33 ± 11.2 weeks; weight was 6.7 ± 1.2 kg. The most common
anatomic subtype was hypoplastic left heart syndrome, in 36 (60%) patients. The early mortality rate was 13.3%.
Significant preoperative atrioventricular valve regurgitation, single-ventricle heart dysfunction, pneumonia/
sepsis, and arrhythmias were associated with higher mortality rates after second-stage palliation. Multivariate
analysis identified significant preoperative single-ventricle heart dysfunction as an independent predictor of
early death after second-stage palliation. No differences were found in the analyzed variables after bidirectional Glenn
compared with hemi-Fontan procedures.
Conclusion: Significant preoperative atrioventricular valve regurgitation, arrhythmias and pneumonia/sepsis are closely
correlated with mortality in patients with single-ventricle heart after second-stage palliation. Preoperative significant
single-ventricle heart dysfunction is an independent mortality predictor in this group of patients. There are no differences
in clinical, echocardiographic data, or outcomes in patients treated with the hemi-Fontan compared with bidirectional
Glenn procedures.
Keywords: Second-stage single-ventricle palliation, Single-ventricle heart, Hemi-Fontan, bidirectional Glenn procedure,
Hypoplastic left heart syndrome, Extracellular matrix, CorMatrix

* Correspondence: jacekpajak@poczta.onet.pl
1
Pediatric Heart Surgery and General Pediatric Surgery Department, Medical
University of Warsaw, ul. Żwirki i Wigury 63A, 02-091 Warszawa, Poland
Full list of author information is available at the end of the article
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Pająk et al. Cardiovascular Ultrasound (2017) 15:21

Background
Second-stage palliation, using the hemi-Fontan or bidirectional Glenn procedures in the surgical treatment of
single-ventricle heart has reduced the complication rate
and improved outcomes after the final stage, i.e. the Fontan
operation. Anatomically, second-stage palliation for singleventricle heart represents one-half of systemic venous-topulmonary arterial anastomosis, while hemodynamically it
leads to normalization of the volume load of the single ventricle [1–3]. Such an intermittent stage promotes better tolerance and gradual transition to the hemodynamic model
after the Fontan operation. Second-stage palliation of
single-ventricle heart performed with the hemi-Fontan
method consists of anastomosing the superior vena cava
(SVC) with the pulmonary arteries close to the SVC insertion to the right atrium, while the SVC insertion is separated from the right atrial cavity by means of a transverse
patch sutured to the right atrial walls. Such a location of
the incision line, anastomosis and patch suturing lines, and
future scar formation in this region, pose a risk of damaging
the sinus node and/or impulse conduction pathways from
the sinus node. These issues may lead to arrhythmias, a
severe complication, given the post-Fontan operation circulation physiology [4]. Performing hemi-Fontan as secondstage palliation necessitates performing the Fontan
operation, using the “lateral tunnel” technique, which consists of suturing a patch inside the right atrium that directs
flow from the vena cava to the pulmonary arteries. Thus,
hemi-Fontan does not allow for a selection of the Fontan
operation technique to match the anatomy of a defect [5].
In 2011, we decided to switch our second-stage palliation surgical technique from the hemi-Fontan to the
bidirectional Glenn. In bidirectional Glenn, the SVC is
anastomosed with the pulmonary arteries at a distance
from the sinus node region and conduction pathways,
an arrangement that would seem to decrease the risk of
arrhythmias developing. However, no reports have been
published that unambiguously favor either of the
methods. Hence, we are our attempting to evaluate
hemi-Fontan and bidirectional Glenn based on our clinical outcomes. Both in the hemi-Fontan and bidirectional Glenn technique, achieving a wide anastomosis
between the SVC and the pulmonary arteries may require using a biological or artificial patch to enlarge the
anastomosed site. Since the beginning of 2013, we have
placed an extracellular matrix (ECM) patch, derived
from porcine small intestinal submucosa [6, 7], in all
children with single-ventricle heart operated for enlargement of pulmonary artery anastomoses.
The aim of the present study was to retrospectively
analyze risk factors of mortality after second-stage palliation
of single-ventricle heart, and to compare the therapeutic
results achieved with hemi-Fontan and bidirectional
Glenn procedures.
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Methods
We conducted a retrospective review of all the patients
who had undergone second-stage palliation for singleventricle heart in the Pediatric Heart Surgery Department
(University School of Medicine in Katowice, Poland) between 2003 and 2015. The study protocol was approved
by the local ethics committee. Depending on the method
of surgical treatment, the patients were assigned to one of
two groups. Group HF consisted of 23 (38.3%) children, in
whom second-stage palliation had been performed using
the hemi-Fontan method in the years 2003–2011. Group
BDG consisted of 37 (61.7%) children who had been
treated in the years 2011–2015, with the bidirectional
Glenn procedure. In this group, 15 (40.5%) patients had a
direct end-to-side anastomosis made between the SVC
and the right pulmonary artery, while the remaining 22
(59.5%) patients had the SVC and right pulmonary artery anastomosis extended by use of an ECM patch
(CorMatrix®; Cardiovascular, Inc., Roswell GA, USA).
Patient demographics, clinical characteristics, imaging,
operative reports, hospital records, and clinical reports
were collected, and a retrospective analysis of the data
was performed.
In all the patients, anatomical details were determined,
and the children were deemed qualified for surgical
treatment based on echocardiographic findings. Echocardiograms were interpreted by two readers, who assessed
the single-ventricle morphology and function and atrioventricular valve function. The single-ventricle function
was assessed semi-quantitatively according to the following scale: 1, good; 2, fair; 3, decreased, and 4, poor [8, 9].
Significant impairment of the single-ventricle heart
function was defined as a score of more than fair.
Semi-quantitative assessment was also used in evaluating
valvular competence, the scale being 0, none; 1, mild; 2,
moderate; 3, severe [8–10]. Significant regurgitation was
defined as a score more than mild. The examinations were
performed before operation and on day 2 postoperatively.
The analyses performed in the two groups included
postoperative 30-day mortality rates and these variables:
anatomy of the defect; age; body mass; aortic clamp
time; oxygen arterial blood saturation (Sat O2) on day 1,
3 and 5 postoperatively; pneumonia or sepsis; atrioventricular valve regurgitation (AVVR); single-ventricle
function; arrhythmias; intubation time; duration of
hospitalization; and relations between these variables
and their effect on the outcomes.
The diagnosis of a clinically significant arrhythmia in
the perioperative period was based on the Cardiosurgical
Postoperative Intensive Care Unit monitoring system and
a review of all available electrocardiograms. “Arrhythmia”
was defined as a rhythm requiring treatment with an
antiarrhythmic medication or pacing, or led to cardiopulmonary resuscitation.

Pająk et al. Cardiovascular Ultrasound (2017) 15:21

Page 3 of 7

Statistical methods

To assess differences between the groups in qualitative
data, we employed the chi-square test or the Fisher’s
exact test, whereas quantitative data were evaluated with
the t-Student test or Mann-Whitney test. Correlation of
quantitative data was analyzed by the Spearman’s correlation coefficient (rs); for qualitative data, we employed
the chi-square or the Fisher’s exact test. The stepwise logistic regression was used to determine factors affecting
postoperative mortality rates.
Surgical technique

In all patients in both groups, the procedure was performed through a median sternotomy. The ascending
aorta was cannulated. In 10 (27.0%) patients in Group
BDG, two venous cannulas were inserted, one into the
right atrium and another high in the SVC. In these patients, a direct SVC-right pulmonary artery anastomosis
was performed with the patient in moderate hypothermia
(approximately 32o C). In the remaining children from
both groups, a single venous cannula was inserted into the
right atrium, and the procedure was performed in deep
hypothermia (approximately 18o C) with low flow (cardiac
output approx. 50 ml/kg) or with cardiac arrest; crystalline
cardioplegia was administered.
In Group HF, all children had a hemi-Fontan anastomosis constructed between the SVC and the pulmonary
arteries, and an oval polytetrafluorethylene patch was sutured below the SVC outlet to the right atrium, which
separated the SVC outlet from the remaining RA. The
anterior part of the SVC-PAs anastomosis was enlarged
by use of a homogenous pulmonary artery patch.
In Group BDG, 5 (13.5%) children had a direct
bidirectional Glenn anastomosis performed in deep
hypothermia with low flow. The remaining 22 patients
(59.5%) had a modified Norwood I procedure (aortic
arch ECM patch reconstruction and bilateral pulmonary
artery banding), in which the pulmonary arteries were
dissected from the main pulmonary artery trunk, the
stumps were proximally closed with sutures, and the
junction between the pulmonary arteries and SVC was
reconstructed with an ECM (CorMatrix®) tube larger in
diameter than the pulmonary artery diameter (Fig. 1).
No patient had a surgical correction because of insufficient tricuspid valve.
Postoperatively, all the patients were hospitalized in
the Cardiosurgical Postoperative Intensive Care Unit. All
patients received heparin in the early postoperative
period, then antiplatelet medication until the Fontan
operation was performed.

Results
Patients characteristics are reported in Tables 1 and 2.
All children with HLHS operated on in the years

Fig. 1 Pulmonary arteries reconstruction with ECM (CorMatrix®) tube
in bidirectional Glenn anastomosis. The ECM patch is used for aortic
arch reconstruction in the stage I Norwood operation

2003–2013 received the Norwood I procedure as
modified by Sano et al. [11] as the first-stage operation (part of Group HF). Since 2013, we have routinely used our modification of the Norwood
procedure in the first-stage of HLHS treatment; the
modification consists of reconstructing the aortic arch
with an ECM patch and in bilateral pulmonary arteries banding (part of Group BDG). Patients with diagnoses other than HLHS had made earlier main
pulmonary artery banding or systemic – pulmonary
anastomosis as a first stage operation or they required
no operation.
Table 1 illustrates that Group BDG patients were significantly older than Group HF patients at the time of
operation [36 weeks (range 19–72) vs. 28 weeks (range
10–42); p = 0.03]. Otherwise, no significant differences
were noted in body mass, intubation time, aortic clamp
time, arterial blood saturation, duration of hospitalization,
arrhythmias, pneumonia/sepsis, mortality rate, AVVR, or
systemic ventricular function.
Risk factors and mortality (Table 2)
Postoperative arrhythmias

Postoperative arrhythmias were recorded in 9 of the 60
(15%) children, 5 (22%) in Group HF; 3 (13.0%) of these
children had slow sinus rhythm, and 2 (9%) had sinus
bradycardia. Among the 4 (11%) in Group BDG, 1 (3%)
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Table 1 Comparison of patients with single-ventricle heart operated on with the hemi-Fontan (Group HF) or bidirectional Glenn
(Group BDG) procedure
Group HF (n = 23)
m (min-max, %)

Group BDG (n = 37)
m (min/max, %)

p value

Age 33 ± 11.2 (weeks)

28 (10–42)

36 (19–72)

0.03

Body mass 6.7 ± 1.2 (kg)

6 (4–9)

7 (4–10)

0.19

Mechanical ventilation (days)

4 (2–25)

4 (1–20)

0.46

HLHS

13 (56.5%)

23 (62,2%)

0,66

TA

2 (8,7%)

4 (10,8%)

0,99

Unbalanced A-V canal

2 (8,7%)

3 (8,1%)

0,99

DILV

1 (4,3%)

3 (8,1%)

0,99

Other

5 (21,7%)

4 (10,8%)

0,28

Aortic clamping time (min)

39 (27–58)

39 (21–61)

0.62

Mechanical ventilation (days)

4 (2–25)

4 (1–20)

0.46

Type of single-ventricle

SatO2 (%) - 1 postoperative day

75 (40–86)

77 (61–92)

0.96

SatO2 (%) - 3 postoperative day

78 (63–85)

80 (65–92)

0.64

SatO2 (%) - 5 postoperative day

78 (70–87)

81 (60–91)

0.642

Length of stay (days)

11 (5–19)

10 (7–18)

0.42

M median, SatO2 oxygen arterial blood saturation, HLHS hypoplastic left heart syndrome, TA tricuspid atresia, DILV double inlet left ventricle

had slow sinus rhythm, 1 (3%) had sinus bradycardia,
and 2 (5%) had tachyarrhytmias with a moderate reaction to pharmacotherapy.

were intubated significantly longer than those who did
not develop postoperative pneumonia/sepsis, both in
Group HF (p = 0.025) and in Group BDG (p = 0.009).

Pneumonia/sepsis

Pre-and postoperative A-V valve regurgitation and singleventricle heart function

Pneumonia/sepsis developed in 9 of the 60 children
(15.0%), 5 of 23 (22%) in Group HF and 4 of 37 (11%) in
Group BDG, a statistically insignificant difference. The
children who developed postoperative pneumonia/sepsis
Table 2 Echocardiographic data, complication and outcome in
patients with SV operated on employing the hemi-Fontan and
bidirectional Glenn procedures
Group HF Group BDG Total
p value
(n = 23)
(n = 37)
(n = 60)
n (%)
n (%)
n (%)
Postoperative Arrhythmias

5 (22)

4 (11)

9 (15.0)

0.28

Postoperative Sepsis

2 (9)

4 (11)

6 (10)

0.99

Preoperative AVVR (0 + 1)

18 (78)

30 (81)

48 (80)

0.89

Preoperative AVVR (2 + 3)

5 (22)

Postoperative AVVR (0 + 1) 20 (87)

7 (19)

12 (20)

33 (89)

53 (88)

Postoperative AVVR (2 + 3) 3 (13)

4 (11)

7 (12)

Preoperative SV function
(1 + 2)

19 (83)

31 (84)

50 (83)

Preoperative SV function
(3 + 4)

4 (17)

6 (16)

10 (17)

Postoperative SV function
(1 + 2)

20 (87)

33 (89)

53 (88)

Postoperative SV function
(3 + 4)

3 (13)

4 (11)

7 (12)

Death

4 (17,4)

4 (10,8)

8 (13,3)

AVVR atrioventricular valve regurgitation, SV single ventricle

0.79

0.99

0.99

0,464

Significant preoperative AVVR (Grade 2 or 3) was
present in 12 (20%) of the 60 investigated patients, and
postoperative AVVR was present in 7 (12%).
In Group HF, significant preoperative AVVR was
present in 5 of 23 (22%) patients, of whom 4 (80%) had
significant single-ventricle dysfunction. AVVR developed
in 3 (13%) children with HLHS and 2 (8%) patients with
unbalanced atrioventricular septal defect (UAVSD). Two
(9%) children with HLHS had postoperative improvement of atrioventricular valve function, whereas 3 (13%)
with this defect had no improvement (and died) - 2 (9%)
of them developed arrhythmias, and 1 (4%) had fatal
pneumonia/sepsis.
In Group BDG, 7 of 37 (19%) children had significant
AVVR, shown in preoperative echocardiography; 5 (14%)
had HLHS and 2 (5%) had UAVSD. Six (86%) patients
with significant AVVR also had significant singleventricle dysfunction. After bidirectional Glenn, echocardiography in 3 (8%) patients with HLHS revealed
improvement in tricuspid valve competence, whereas no
improvement was seen in the other 4 (11%); 2 (5%) of
these patients developed arrhythmias, and 2 (5%) developed pneumonia/sepsis; these four children died.
The rates of postoperative single-ventricle heart
function of grades 1–2 and 3–4 were similar in the
two groups.
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Mortality

Four of 23 (17.4%) children in Group HF died. Three
(75%) had significant atrioventricular valve regurgitation
before and after operation. Postoperatively, 2 of the patients (50%) developed arrhythmias – sinus bradycardia
in 1 (25%) and slow sinus heart rhythm in the other
(25%). None of the deceased children presented with
tachyarrhythmia. One (25%) deceased child, with significant atrioventricular valve regurgitation, developed sepsis. In 1 (25%) child, sinus bradycardia occurred, and the
patient died due to low cardiac output despite effective
atrial pacing. The deceased patients in Group HF had
significantly more frequent arrhythmias (75% vs. 11%;
p = 0.02) and AVVR (75% vs. 11%; p = 0.02) than did
the survivors.
Four for 37 (10.8%) children from Group BDG died.
All had significant atrioventricular valve regurgitation.
Two (50%) of the children also developed supraventricular tachyarrhythmia, and 2 (50%) had pneumonia/sepsis.
The deceased patients In Group BDG had significantly
more frequent arrhythmias (50% vs. 6%; p = 0.05), more
frequent significant AVVR (100% vs. 9%; p < 0.001) and
more frequent pneumonia/sepsis (50% vs. 6%; p = 0.05)
than did the survivors.
Univariate and multivariate analysis of risk factors and death

Univariate analysis was performed to identify risk factors
for death by patient characteristics and clinical and
echocardiographic data (Table 3). Preoperative singleventricle heart dysfunction (grade 3–4; significant
impairment); preoperative clinically significant AVVR
(grade 2–3; worse than mild); arrhythmias; and sepsis
were associated with death. Multivariate analysis then
was performed, with logistic regression in a model that
took statistically significant preoperative variables from
the univariate analysis. In the multivariate analysis, significant preoperative single-ventricle heart dysfunction
was the only independent prognostic risk factor for
Table 3 Univariate analysis of risk factors for second-stage
palliation of single-ventricle heart
Variables

Survived

Deaths

Total

p value

n

%

n

%

n

%

Preoperative SV function
(0 = 1 + 2,1 = 3 + 4)

0

49

94.2

1

12.5

50

83.3

1

3

5.8

7

87.5

10

16.7

Preoperative AVVR
(0 = 0 + 1,1 = 2 + 3)

0

31

59.6

1

12.5

32

53.3

1

21

40.0

7

87.5

28

46.7

Arrhythmias

0

48

92.3

3

37.5

51

85.0

1

4

7.7

5

62.5

9

15.0

0

49

94.2

5

62.5

54

90.0

1

3

5.8

3

37.5

6

10.0

52

100

8

100

60

100

Postoperative sepsis

Total

<0.001

0.020

0.001

0.027
–

death in second-stage palliation of single-ventricle heart
anatomy (odds ratio 4.7; p < 0.001) (Fig. 2).

Discussion
Our study showed that clinically significant preoperative
AVVR, preoperative single-ventricle dysfunction, pneumonia/sepsis, and arrhythmias were associated with
increased mortality in patients with single-ventricle
heart disease who underwent second-stage palliation.
Only significant preoperative single-ventricle dysfunction was an independent prognostic risk factor. We
did not find significant differences in clinical data,
echocardiographic findings, or outcomes of patients
treated with the hemi-Fontan compared with the bidirectional Glenn technique.
The mortality rate in our patients was higher than
rates reported by centers treating larger numbers of patients [10]. This difference might be due to greater patient complexity in our population, as we aggressively
accept high-risk patients. In recent years, the mortality
rate in our patients from Group BDG has decreased
compared with the rate in Group HF, even though
Group BDG included older children with more complex
defects than did Group I. A high percentage of our patients (20%) had significant AVVR, which has been
reported to have a high perioperative risk [10, 12]. We
emphasize that, except for one patient with complex heterotaxy syndrome, all children in our study who died
had significant AVVR preoperatively; the significant
AVVR persisted after operation, and the children also
developed arrhythmias and/or pneumonia/sepsis.
Significant AVVR in our patients was due to dysfunction of the very valve and/or dysfunction of the singleventricle. Disturbances of the structure/competence of
the valve are most commonly associated with the anatomical background of the single ventricle heart and
usually appear as unbalanced forms of common atrioventricular canal, as well as in heterotaxy syndrome. A
study [10] has shown that even in the absence of associated defects and physiologic derangements, UAVSD
confers risk on patients with single-ventricle heart.
Mortality rates in these patients are high, regardless of
whether valvuloplasty is performed in parallel with the
second-stage palliation of single-ventricle heart [13]. In
view of problems inherent in A-V valvuloplasty and the
unimpressive results, we have not attempted this procedure. In cases of AVVR combined with ventricular
dysfunction, we tried to perform stage II palliation at an
earlier age (about 4 months of life), so the volume load
of the single-ventricle could normalize earlier [1, 3]; with
earlier operation, AVV competence was improved in
children with HLHS but not in those with UAVSD, a result that is concordant with those of others [10].

Pająk et al. Cardiovascular Ultrasound (2017) 15:21

Page 6 of 7

Fig. 2 Following the stepwise elimination of the least significant factor in each step, SV (single ventricle) dysfunction was found to significantly affect
mortality rates (p < 0.001)

In this study, significant single-ventricle dysfunction
was an independent prognostic risk factor in patients
with single-ventricle heart after second-stage palliation.
Dysfunction of the single ventricle determines the occurrence of other complications that increase the risk of
death in the early postoperative period. Bharucha et al.
[14] demonstrated that right ventricular mechanical dyssynchrony and inhomogeneous contraction were worse
in patients with clinically important tricuspid regurgitation and HLHS. Ventricular dysfunction leads to
atrioventricular regurgitation, which in time results in
progressive circulatory insufficiency. Patients with this
insufficiency are susceptible to infections and often
are operated on after numerous infectious episodes,
when they are colonized by pathological bacterial and
fungal flora.
Changing the surgical technique from the hemiFontan to bidirectional Glenn procedure did not significantly affect the prevalence of postoperative arrhythmias
in our cohort. Similarly, as in other reports [15, 16],
sinus bradycardia and slow sinus rhythm were the predominant postoperative cardiac rhythm abnormalities
after second-stage palliation of single-ventricle heart. In
2 patients, supraventricular tachyarrhythmia developed
after the bidirectional Glenn procedure, a complication
that we believe has not been described. In each case of
second-stage single-ventricle palliation, interatrial communication was enlarged surgically. On the one hand,
such management allows for achieving wide interatrial
communication, whereas on the other, it poses a threat
of damaging the impulse conduction pathways between
the sinus node and the sinoatrial node. Love et al. [17]

showed that the atriotomy, right atrial free-wall scars,
and atrial septal scars were predictors of tachyarrhythmias in patients after congenital heart diseases operations. Our patients with tachyarrhythmias had both
atriotomy and atrioseptostomy, which we feel may have
triggered arrhythmias.
For reconstruction of the pulmonary arteries and
widening the SVC-pulmonary arteries anastomoses
we have used an ECM (CorMatrix®) patch. This
material has proven safe in reconstruction of lowpressure vessels. However, Hibino et al. [18] observed that at a mean follow-up of 9.7 months, 8 of
10 patients who underwent central pulmonary artery
reconstruction with CorMatrix® tube had progressive
significant stenosis. To avoid this complication, we
used oversized anastomoses between the pulmonary
arteries and the SVC.
There are limitations of this study. First, the number
of the patients was small, although the study does have
the advantage of uniform management in a single center.
Second, the retrospective nature of the study could have
introduced bias that affected comparisons between treatment groups. A prospective, randomized study of
second-stage palliation (hemi-Fontan vs bidirectional
Glenn procedure) of single-ventricle heart disease is
needed. Third, in all patients, the ventricular function
was evaluated semi-quantitatively. All patients were
qualified to stage II on the base of echocardiographic
examination; in some examinations it was impossible to
visualize the size of all pulmonary arteries; thus, unfortunately, we could not include this important measurement in our analysis.
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Conclusions
Significant preoperative atrioventricular valve regurgitation, arrhythmias and sepsis are closely correlated with
mortality in patients with single-ventricle heart disease
after second-stage surgical palliation. Preoperative significant single-ventricle dysfunction is an important
problem that has not been overcome by staged repair
and has the highest impact on the mortality rate after
second-stage surgical palliation. The bidirectional Glenn
technique in surgical treatment of single-ventricle heart
does not have a lower the incidence of early complications than does the hemi-Fontan operation.
Abbreviations
AVVR: Atrioventricular valve regurgitation; DILV: Double inlet left ventricle;
ECM: Extracellular matrix; HLHS: Hypoplastic left heart syndrome;
SatO2: Oxygen arterial blood saturation; SVC: Superior vena cava;
TA: Tricuspid atresia; UAVSD: Unbalanced atrioventricular septal defect
Acknowledgments
We thank to Dr. H. Stanuch for statistical analysis.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analyzed during the study are available from the
corresponding author on reasonable request.
Authors’ contributions
JP contributed to study conception and design, acquisition of data, analysis
and interpretation of data, drafting and critical revision of the manuscript.
MB participated in the design of the study, collection of data, and drafting
of the manuscript. PS participated in analysis and interpretation of data and
drafting the manuscript. GZ participated in collection and interpretation of
the data. MW contributed to study conception, design and to acquisition
of data. LS contributed to study conception and design, critical revision for
important intellectual content, and final approval of the version to be published.
BM collected data, analyzed and interpreted data, and critically revised the
manuscript. LT-P contributed to acquisition of data, analysis and interpretation of
data, and critical revision of the manuscript. All authors read and approved the
final manuscript.
Ethics approval and consent to participate
As this was a retrospective study based on existing patient data, individual
informed consent was not required. The study was nevertheless registered
and approved by the local ethics committee (KNW/0022/KB/100/16).
Consent for publication
All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Pediatric Heart Surgery and General Pediatric Surgery Department, Medical
University of Warsaw, ul. Żwirki i Wigury 63A, 02-091 Warszawa, Poland.
2
Pediatric Heart Surgery Department, The Independent Public Clinical
Hospital no. 6 of the Medical University of Silesia, Katowice, Poland.
3
Department of Pediatric Cardiology, Medical University of Silesia, Katowice,
Poland. 4Institute of Cardiology, Jagiellonian University, Medical College and
John Paul II Hospital, Krakow, Poland.

Page 7 of 7

Received: 17 May 2017 Accepted: 5 September 2017

References
1. Seliem MA, Baffa JM, Vetter JM, Chen SL, Chin AJ, Norwood WI Jr. Changes
in right ventricular geometry and heart rate early after hemi-Fontan procedure.
Ann Thorac Surg. 1993;55:1508–12.
2. Fogel MA, Weinberg PM, Chin AJ, Fellows KE, Hoffman EA. Late ventricular
geometry and performance changes of functional single-ventricle throughout
staged Fontan reconstruction assessed by magnetic resonance imaging. J Am
Coll Cardiol. 1996;28:212–21.
3. Jacobs ML, Rychik J, Rome JJ, Apoustopoulou S, Pizarro C, Murphy ID, et al.
Early reduction of the volume work of the single-ventricle: the hemi fontan
operation. Ann Thorac Surg. 1996;62:456–62.
4. Deal BJ, Mavroudis C, Backer CL. Arrhythmia Management in the Fontan Patient.
Pediatric Cardiology November. 2007;28:448–56.
5. Pekkan K, Dasi LP, de Zélicourt D, Sundareswaran KS, Fogel MA, Kanter KR,
Yoganathan AP. Hemodynamic performance of stage-2 univentricular
reconstruction: Glenn vs. hemi-Fontan templates. Ann Biomed Eng.
2009;37:50–63.
6. Scholl FG, Boucek MM, Chan KC, Valdes-Cruz L, Perryman R. Preliminary
experience with cardiac reconstruction using decellularized porcine extracellular
matrix scaffold: human applications in congenital heart disease. World J Pediatr
Congenit Heart Surg. 2010;1:132–6.
7. Quarti A, Nardone S, Colaneri M, Santoro G, Pozzi M. Preliminary experience
in the use of an extracellular matrix to repair congenital heart diseases.
Interact Cardiovasc Thorac Surg. 2011;13:569–72.
8. Wong DJ, Iyengar AJ, Wheaton GR, Ramsay JM, Grigg LE, Horton S, Konstantinov
IE, Brizard CP, d’Udekem Y. Long-term outcomes after atrioventricular valve
operations in patients undergoing single-ventricle palliation. Ann Thorac Surg.
2012;94:606–13.
9. Tomkiewicz-Pająk L, Hoffman P, Trojnarska O, Bednarek J, Płazak W, Pająk JW,
Olszowska M, Komar M, Podolec PS. Long-term follow-up in adult patients
after Fontan operation. Polish Journal of Thoracic and Cardiovascular Surgery.
2013;10:357–63.
10. Lee TM, Aiyagari R, Hirsch JC, Ohye RG, Bove EL, Devaney EJ. Risk factor
analysis for second-stage palliation of single-ventricle anatomy. Ann Thorac
Surg. 2012;93:614–8.
11. Sano S, Ishino K, Kawada M, Arai S, Kasahara S, Asai T, Masuda Z, Takeuchi
M, Ohtsuki S. Right ventricle-pulmonary artery shunt in first-stage palliation
of hypoplastic left heart syndrome. J Thorac Cardiovasc Surg. 2003;126:504–9.
12. Scheurer MA, Hill EG, Vasuki N, Maurer S, Graham EM, Bandisode V, Shirali GS,
Atz AM, Bradley SM. Survival after bidirectional cavopulmonary anastomosis:
analysis of preoperative risk factors. J Thorac Cardiovasc Surg. 2007;134:82–9.
13. Owens GE, Gomez-Fifer C, Gelehrter S, Owens ST. Outcomes for patients
with unbalanced atrioventricular septal defects. Pediatr Cardiol. 2009;30:
431–5.
14. Bharucha T, Khan R, Mertens L, Friedberg MK. Right ventricular mechanical
dyssynchrony and asymmetric contraction in hypoplastic heart syndrome
are associated with tricuspid regurgitation. J Am Soc Echocardiogr. 2013;
2610:1214–20.
15. Reichlin A, Prêtre R, Dave H, Hug MI, Gass M. Balmer C postoperative
arrhythmia in patients with bidirectional cavopulmonary anastomosis.
Eur J Cardiothorac Surg. 2014;45:620–4.
16. Trivedi B, Smith PB, Barker PC, Jaggers J, Lodge AJ, Kanter RJ. Arrhythmias in
patients with hypoplastic left heart syndrome. Am Heart J. 2011;161:138–44.
17. Love BA, Collins KK, Walsh EP, Triedman JK. Electroanatomic characterization
of conduction barriers in sinus/atrially paced rhythm and association with
intra-atrial reentrant tachycardia circuits following congenital heart disease
surgery. J Cardiovasc Electrophysiol. 2001;12:17–25.
18. Hibino N, McConnell P, Shinoka T, Malik M, Galantowicz M. Preliminary
experience in the use of an extracellular matrix (CorMatrix) as a tube
graft: word of caution. Semin Thorac Cardiovasc Surg. 2015;27:288–95.

