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Abstract

Objective: Laterality anomalies are almost always associated with severe cardiac anomalies.
Demographic properties, type of the procedures, associated anomalies, and early and mid-term
prognosis of four types of laterality anomalies were analysed.Methods:A total of 64 consecutive
patients with laterality anomalies were enrolled between July 2014 and July 2020. We grouped
the patients as situs solitus dextrocardia (SSD) (n= 12; 18.7%); situs inversus (SI) (n= 16; 25%);
right atrial isomerism (RAI) (n= 29; 45.3%); and left atrial isomerism (LAI) (n= 7; 10.9%).
TAPVC was only present in the RAI group (31%). Incidence of mitral or tricuspid atresia
was higher in the SSD group (25%). All the patients were followed up with a mean of
19.06 ± 17.6 (0.1–72) months. Results: Early postoperative mortality was 17 patients, among
107 procedures (15.8%). Twelve patients were in the neonatal period. All ten patients survived
after isolated ductal stenting. Fourteen of the deaths were in the RAI group (48.3%). The 3-year
survival rates were 85% in LAI, 78.7% in SI, 55.8% in SSD, and 38% in RAI groups. According to
the multivariable Cox regression model, mechanical ventilation, kidney injury, RAI, and com-
plex surgery in the neonatal period were independent risk factors for early mortality.
Conclusion: Laterality anomalies are one of the most challenging patients who commonly
had univentricular physiology. The most prevalent anomaly was RAI, and RAI had the worst
outcome and survival. Ductal stent is an acceptable first intervention during the neonatal period
in suitable patients. Complex procedures may carry a high risk of death in the neonatal period.

Heterotaxy syndrome is a rare disease and occurs in just over 1 in 10,000 live births. The word
heterotaxy is derived from the Greek: heteros – meaning other than; taxis – meaning arrange-
ment. Heterotaxy, therefore, literally means a pattern of the anatomical organisation of the tho-
racic and the abdominal organs, which is not the expected usual or normal arrangement, also
known as "situs solitus".1 Although it has become traditional to use heterotaxy to describe
patients who have neither the normal nor the mirror-imaged arrangement, controversy still
exists. Some authors prefer that all arrangements other than situs solitus should be included
in the spectrum of heterotaxy.2

Those having isomeric right atrial appendages frequently have bilaterally tri-lobed lungs,
each with a short bronchus and absence of the spleen. Those having isomeric left atrial append-
ages frequently have bilaterally bi-lobed lungs, each with a long bronchus and multiple spleens.
Nevertheless, in patients with heterotaxy, the anatomy of the atrial appendages does not always
correspond with the bronchial arrangement, and the correlation of splenic anatomy with the
atrial appendages is actually weaker than the bronchial counterpart. Hence, the absence or pres-
ence of multiple spleens is not always easy to document, even at autopsy.3 Immune system dys-
function is usually associated with right isomerism, but it may also present with left isomerism.4

Thus, significant uncertainty and overlapping may occur during diagnosing heterotaxy
syndrome.

Dextrocardia might be seen with situs inversus or with situs solitus, and the incidence of 1/
30,000 live births and generally presents with the high occurrence of associated cardiac and/or
extracardiac anomalies.4 The incidence of Dextrocardia with situs solitus has been reported as
43.1% and 74% in recent studies among all patients with Dextrocardia.5,6

In this context, the term of cardiac and visceral laterality abnormalities may define a broader
spectrum of congenital heart diseases, which constitute one of the most challenging surgical
groups because of the high incidence of severe cardiac and non-cardiac anomalies. Many studies
have been performed to compare the patients with right and left isomerism, whereas studies
analysing all types of lateralisation anomalies are rare.

The aim of this study is to analyse the incidence, outcomes, associated anomalies, survival
rates, and risk factors for mortality among various lateralisation anomalies.
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Materials and methods

We retrospectively reviewed the patients' medical records, who
underwent congenital cardiac surgery in our institute between
July 2014 and July 2020. Among 1658 patients, we identified 64
patients (3.86%), which were defined as lateralisation anomalies
according to the classification of Anderson et al.7 Patients were
divided into four groups according to their dominant anatomic
features: Situs Solitus with Dextrocardia (SSD) (n= 12; 18.75%),
Situs Inversus (SI) (n= 16; 25%), Right Atrial Isomerism (RAI) (n
= 29; 45.3%) and Left Atrial Isomerism (LAI) (n= 7; 10.9%).
Thirty-five of the patients were male, and 29 were female
(45.3%). Female dominance in LAI (85.7%) and male dominance
in the RAI group (81.3%) were prominent. Gender distribution
was balanced in other groups. At the time of the surgery, the
median age was 5 weeks (0.5–168 weeks). The median body weight
was 6.25 kg (2.35–47.7 kg).

Associated cardiac anomalies in each group were presented in
Table 1. RAI was mostly associated with unbalanced complete
Atrioventricular Septal Defect (AVSD) (72.4%). Associated
Total Anomalous of Pulmonary Venous Connection (TAPVC)
was only present in the RAI group (31%). Incidence of mitral or
tricuspid atresia was higher in the SSD group (25%) than in the
other groups. Pulmonary outflow restriction was more prevalent
than pulmonary overflow (67.2% vs. 20%, respectively) (p= 0.33)
in all groups. Ventricular hypoplasia was present in 82.7% and 75%
in the RAI and SSD group, respectively. Only 6.9 % (n= 2) patients
had biventricular physiology in the RAI group and none in the SSD
group. Biventricular physiology was present in 42.8% and 37.5% in
LAI and SI groups, respectively.

A total of 107 procedures were performed in 64 patients
(Table 2). Eleven of the patients had primary intervention in
another centre. Fifty-two procedures were performed during the
neonatal period. All neonatal procedures except ductal stenting,
which was performed in the cardiac catheterisation laboratory,

were performed with median sternotomy. Cardiopulmonary
bypass was used only when necessary during shunt operations.
In patients with ductus-dependent pulmonary circulation, the
arterial duct was encircled with silk ligatures and banded using
a ligaclip.8 Bilateral banding was performed first, and ductal stent-
ing was performed a few days later in the cardiac catheterisation
laboratory in patients who had hybrid procedure. Modified
Fontan operations were performed with extracardiac conduit
(20 mm PTFE graft) and routine 4 mm fenestration. Nine patients
underwent definitive Fontan or Kawashima operations.
Biventricular repair was performed in six patients.

Hospital mortality was defined as death before discharge or
death within one month from surgery. Patient-dependent and
patient un-dependent preoperative risk factors were evaluated
using the Cox regression model. Preoperative mechanical ventila-
tion was the most prevalent risk factor (20.3%).

Follow-up was complete for all patients. Patients who did not
come to regular hospital visits were contacted by phone to com-
plete their follow-up records. This study was approved by the insti-
tutional ethics committee (ATADEK 2020-23/09).

Statistical analysis

In the study, the distribution of variables was classified, and
descriptive results were obtained using SPSS version 15
(Statistical Package for the Social Sciences for Windows) program.

Table 1. Patient’s characteristics and pathologies

N (%)
SSD

(n= 12)
SI

(n= 16)
RAI

(n= 29)
LAI

(n= 7)

Gender: female 7 (58.3) 3 (18.7) 13 (44.8) 6 (85.7)

Pulmonary outflow
restriction

7 (58.3) 11 (68.7) 19 (65.5) 6 (85.7)

Pulmonary overflow 3 (25%) 5 (31.2) 4 (13.8) 1 (14.3)

UCAVSD 0 4 (25) 21 (72.4) 3 (42.8)

LV hypoplasia 4 (33) 6 (37.5) 18 (62) 3 (42.8)

RV hypoplasia 5 (41.6) 1 (6.2) 6 (20.7) 0

Left SVC 2 (16.7) 4 (25) 5 (17.2) 1 (14.3)

Bilateral SVC 3 (25) 2 (12.5) 11 (37.9) 3 (42.8)

PAPVC 0 0 1 (3.4) 1 (14.3)

TAPVC 0 0 9 (31) 0

Mitral atresia 2 (16.6) 2 (12.5) 2 (6.9) 0

Tricuspid atresia 1 (8.3) 0 0 0

Hypoplastic aortic arch 1 (8.3) 1 (6.2) 1 (3.4) 0

LV: Left Ventricle; PAPVC: Partial Anomalous of Pulmonary Venous Connection; RV: Right
Ventricle; SVC: Superior Vena Cava; TAPVC: Total Anomalous of Pulmonary Venous
Connection; UCAVSD: Unbalanced Complete Atrio-ventricular Septal Defect.

Table 2. Procedures and mortalities

SSD
(12)

Sİ
(16)

RAİ
(29)

LAİ
(7) Total

Mortality
(N, %)

Ductal stenting 3 1 5 1 10 –

SPS 5 8 19 3 35 7 (20)

Glenn procedure 9 7 12 1 29 1 (3.4)

Pulmonary banding 2 2 2 – 6 1 (16.7)

Hybrid intervention 1 1 – – 2 1 (50)

TAPVC repair þ
SPS shunt

– – 2 – 2 2 (100)

Aortic arcus repair
þ TAPVC repair þ
pulmonary banding

– – 1 – 1 1 (100)

Aortic arcus repair
þ SPS shunt

– 1 – – 1 1 (100)

TAPVC repair þ
Glenn shunt

– – 4 – 4 –

Kawashima pro-
cedure

– – – 1 1 –

Fontan completion – 3 3 2 8 1 (12.5)

Biventricular repair – 4 – 2 6 –

Glenn take-down
RV-PA conduit
replacement

– – 1 – 1 1 (100)

PVO repair – – 1 – 1 1 (100)

Total procedure
number

20 27 50 10 107 17 (15.8)

SPS: Systemic-to-Pulmonary Shunt, PVO: Pulmonary Venous Obstruction, TAPVC: Total
Pulmonary Venous Connection.
Italic represents significant of P values.
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The normality of data was analysed using Kolmogorov–Smirnov.
Continuous variables are presented as mean ± SD, median with
range, and categoric variables presented as frequencies and per-
centages of the total. Continuous variables were compared using
Kruskal–Wallis and significant results were compared using
Post Hoc tests. Categorical variables were compared using the
Chi-square test. Overall survival analyses of the groups were evalu-
ated with Kaplan–Meier curves, and differences were tested with a
log-rank test. A statistically significant difference was accepted
with a p-value of <0.05. The effects of covariates on the possibility
of mortality in univariate and multivariate analysis are reported as
hazard ratios with the 95% confidence interval using Cox propor-
tional hazards regression.

Results

Early postoperative mortality was 17 patients, among 107 proce-
dures (15.8%). Twelve patients were in the neonatal period.
Seven of them died after systemic to pulmonary shunt operations
(20%). One of the two patients who underwent hybrid procedure
died (50%). All four patients who underwent complex neonatal
surgery (associated TAPVC or aortic arch repair) died (100%).
Causes of deaths were presented in Table 3. All ten patients sur-
vived after isolated ductal stenting, but procedural complication
during ductal stenting (cardiac arrest) was a cause of death in
one patient who had the hybrid procedure. One patient who
had poor preoperative condition died after pulmonary banding
(16.7%). Mortality rate was 3.4% (n= 1) after Glenn operations.
All four patients who underwent associated TAPVC repair during
Glenn operations survived. No mortality was observed after biven-
tricular repairs or Kawashima operation. One patient died after
Fontan completion (12.5%). This patient had a Kawashima oper-
ation in another centre. Deep cyanosis and multiple pulmonary
arterio-venous collaterals were present. He died after hepatic vein
redirection because of septicemia and multiple organ failure. One
patient who had recurrent severe pulmonary vein stenosis after
TAPVC repair died of pulmonary hypertension crisis. The last
patient had superior vena cava syndrome after Glenn operation.
Although Glenn take-down and RV-PA conduit (Sano modifica-
tion) placement were performed successfully, the patient died of
cardiac arrest in the early postoperative period.

No hospital mortality had seen in the SSD group. Hospital mor-
tality rates were 12.5% (n= 2) in SI, 14.3% (n= 1) in LAI and
48.3% (n= 14) in RAI group. It was statistically significant between
the groups (p = 0.004). Median ICU and hospital stays were 6 days

(1–120 days) and 14 days (3–120 days), respectively. They were not
statistically different between the groups.

ECMO support was applied in six patients because of ECPR
(n= 4), low cardiac output (n= 1), and failure to wean from
CPB (n= 1). Although one of them was weaned from ECMO sup-
port, all died of multiorgan failure. Renal replacement therapy
(peritoneal dialysis n= 14; continue veno-venous hemofiltration
n= 4) needed in 18 patients (28.1%). Permanent pacemaker
implantation was performed in four patients (6.2%). All of them
were in the LAI group (p< 0.001). Postoperative complications
were presented in Table 4.

We analysed the preoperative risk factors, Pulmonary Venous
Obstruction (PVO) repair, complex procedure, and patients’
groups on the possibility of early mortality by univariate analysis
and were presented in Table 5. Preoperative mechanical ventila-
tion, kidney injury, coagulopathy, myocardial dysfunction, hepatic
impairment, circulatory collapse, and extreme prematurity were
statistically significant in the univariate analysis as preoperative
risk factors. The mortality rate was 53.8% and 83.3% in patients
with more than two preoperative risk factors and more than three
preoperative risk factors, respectively. Having more than two and
three preoperative risk factors were also found to be independent
risk factors on early mortality (p= 0.002, HR 4.672 and 1.751–
12.469 %95 CI; p< 0.001, HR 14.109 and 4.542–43.826 %95 CI,
respectively). PVO repair and complex procedures in the neonatal
period were independent risk factors on early mortality with the
HR 8.589 and 9.753, respectively. RAI was also statistically signifi-
cant in univariate analysis (p= 0.003, HR 6.586 and 1.887–
22.986 %95 CI). The statistically significant variables were preop-
erative mechanical ventilation, kidney injury, complex procedure,
and RAI inmultivariate analysis. Details were presented in Table 6.

A total of eight patients died during the follow-up period.
Surprisingly, the SSD group, which had no early postoperative
mortality, had a statistically higher follow-up mortality rate than
other groups (p= 0.008). No late mortality had seen in the LAI
group. Late mortality rates were 41.7% (n= 5) in SSD, 6.2% (n= 1)
in SI and 6.9% (n= 2) in RAI group. Four patients, who had shunt-
dependent pulmonary circulation, died suddenly at home 5 to 15
months after shunt operations, probably due to shunt thrombosis.
One patient died 5 months after a pulmonary banding operation.
Other three patients who had successful Glenn procedures died 8,
24, and 45 months after the procedures due to pneumonia and/or
sepsis.

The estimated survival time was 42.86 ± 4.49 months for the
total cohort. The 1- and 5-year survival rates were 73.4 and
50%, respectively. The 3-year survival rates were 85% in LAI,
78.7% in SI, 55.8% in SSD, and 38% in RAI groups. The p-value
of the log-rank test for cumulative survival for groups was
0.054. Survival plots for groups and total cohort were presented
in Figures 1 and 2.

Discussion

In this study, we analysed the outcomes of 64 patients with abnor-
mal laterality. Most of the patients were in the RAI group, and they
had the worst outcome. The early mortality rate was 26.5% in the
total cohort, while the RAI mortality rate was 48.3%. RAI was
mostly associated with Unbalanced CAVSD and TAPVC. None
of the patients with RAI and SSD were suitable for biventricular
repair. Biventricular repair could be performed in four patients
in group SI (25%) and two (28.6%) patients in LAI. Nine out of
17 deaths were due to infectious complications in the early

Table 3. Causes of mortalities in the early postoperative period

SSD SI RAI LAI Total

Causes of death (n, %)

Septicemia 0 9 (64.2) 0 9 (53)

Sudden cardiac
arrest

1 (50) 4 (28.5) 0 5 (29.4)

Heart failure 1 (50) 0 0 1 (5.9)

PVO 0 1 (7.1) 0 1 (5.9)

Dysrhythmia 0 0 1 (100) 1 (5.9)

Total 0 2 14 1 17

PVO: Pulmonary Venous Obstruction.
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Table 4. Postoperative complications

SSD (12) SI (16) RAI (29) LAI (7) Total (64) p value

Hospital mortality (%) 0 2 (12.5) 14 (48.3) 1 (14.3) 17 (26.5) 0.004

Late mortality (%) 5 (41.7) 1 (6.2) 2 (6.9) 0 8 (12.5) 0.008

Total mortality (%) 5 (41.7) 3 (18.7) 16 (55.2) 1 (14.3) 25 (39) 0.05

ECLS (%) 1 (8.3) 1 (6.3) 3 (10.3) 1 (14.3) 6 (9.3) 0.93

Peritoneal dialysis (%) 2 (16.7) 1 (6.2) 9 (31) 2 (28.6) 14 (21.8) 0.25

CVVHD (%) 1 (8.3) 1 (6.2) 1 (3.4) 1 (14.3) 4 (6.2) 0.74

Tracheostomy (%) 0 0 4 (13.8) 1 (14.3) 5 (7.8) 0.24

Delayed sternal closure (%) 0 0 2 (6.8) 0 2 (3.1) 0.48

Permanent pacemaker (%) 0 0 0 4 (57.1) 4 (6.2) <0.001

ICU stay (Median) 9 (1–39) 5 (2–100) 7 (1–120) 4 (1–50) 6 (1–120) 0.75

Hospital stay (Median) 14.5 (6–39) 15.5 (4–120) 12 (3–120) 8 (6–57) 14 (3–120) 0.85

CVVHD: Continuous veno-venous hemodiafiltration; ECLS: Extracorporeal Life Support; ICU: Intensive Care Unit.
Italic represents significant of P values.

Table 5. Predictors of the early mortality by univariate analysis

Variable Patients (N, %)

Univariate

B SE HR (%95 Qİ) p value

Preoperative mechanical ventilation 13 (20.3) 2.129 0.499 7.403 (3.162–22.329) <0.001

Prematurity 7 (10.9) 0.920 0.643 2.509 (0.711–8.851) 0.15

PHT 7 (10.9) 0.336 0.754 1.399 (0.319–6.129) 0.66

Kidney injury 6 (9.4) 3.068 0.578 21.507 (6.930–66.745) 0.001

Coagulopathy 6 (9.4) 2.360 0.550 10.587 (3.605–31.090) <0.001

Myocardial dysfunction 5 (7.8) 1.660 0.645 5.258 (1.484–18.632) 0.010

Hepatic impairment 3 (4.7) 3.084 0.720 21.853 (5.330–89.598) <0.001

LBW 2 (3.1) −3.053 6.172 0.47 (0.000–8469.644) 0.73

Circulatory collapse 2 (3.1) 4.363 1.240 78.524 (6.912–892.070) <0.001

Extreme prematurity 1 (1.6) 2.485 1.095 11.996 (1.401–102.687) 0.02

Extracardiac anomaly 1 (1.6) 0.000 8.063 1 (0.000–7,302,038.376) 1

Cerebrovascular disease 1 (1.6) −3.028 8.326 0.048 (0.000–590,903.010) 0.72

Hypothyroidy 1 (1.6) 1.760 1.049 5.811 (0.744–45.403) 0.09

Mechanical circulation support (ECMO) 1 (1.6) −3.027 9.095 0.048 (0.000–2,673,888.861) 0.74

Septicemia/endocarditis 1 (1.6) 1.875 1.054 6.519 (0.826–51.464) 0.07

With two risk factors 7 (10.9) 0.185 0.754 1.203 (0.274–5.273) 0.81

With more than two risk factors 13 (20.3) 1.542 0.501 4.672 (1.751–12.469) 0.002

With more than three risk factors 6 (9.4) 2.647 0.578 14.109 (4.542–43.826) <0.001

PVO 5 (7.8) 2.151 0.558 8.589 (2.878–25.633) <0.001

Complex procedure 4 (6.2) 2.278 0.612 9.753 (2.938–32.374) <0.001

LAI 7 (10.9) −1.273 1.032 0.457 (0.060–3.450) 0.45

RAI 29 (45.3) 1.885 0.638 6.586 (1.887–22.986) 0.003

SI 16 (25) −0.960 0.753 0.383 (0.087–1.676) 0.2

SSD 12 (18.7) −3.358 2.586 0.035 (0.000–5.535) 0.19

CI: confidence interval; HR: Hazard ratio; LBW: Low Birth Weight; PHT: Pulmonary Hypertension; PVO: Pulmonary Venous Obstruction; SE: Standard error.
Italic represents significant of P values.
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postoperative period, and all of them were in the RAI group.
According to our multivariable Cox regression model, preopera-
tive mechanical ventilation, kidney injury, being RAI, and complex
procedures in the neonatal period were independent risk factors
for early mortality.

We could not find a study comparing these four types of later-
ality anomalies. Most studies compared heterotaxy patients as RAI,
LAI, and situs inversus. Whereas a respectable number of patients
included in heterotaxy syndrome are SSD. A few of the patients
with SSD have normal atrioventricular and ventriculoarterial con-
nections. Tripathi et al reported a study, which was including 378
patients with Dextrocardia. Situs solitus was present in 43.1%, and
SI was present in 38.1%. Only 3.7% of SSD patients had normal
morphological characteristics.6 Fesslova et al reported a study

including 1508 fetuses with congenital heart disease. There were
94 (6.3%) patients with abnormal visceroatrial situs. SSD was
present in 39.1% of these patients.9 The main morphological char-
acteristics are ventriculoarterial discordant with pulmonary flow
restrictions in SSD. Mitral or tricuspid atresia and one of the hypo-
plasia of ventricles are associated in a part of patients. Most of the
SSD patients are undergoing the Fontan pathway because of the
accompanying complex cardiac anomalies. Considering themajor-
ity of SSD patients among Heterotaxy patients, we believe that SSD
patients should not be underestimated. Some studies compared
patients in the Fontan pathway as heterotaxy syndrome and
non-heterotaxy. Patients with heterotaxy syndrome mostly have
univentricular physiology, and it is not clear that being heterotaxy
is a risk factor in the Fontan pathway. Several studies reported that
heterotaxy is a risk factor for poor long-term outcomes after
Fontan.10,11 In contrast, some studies reported that heterotaxy is
not a risk factor.12–14 Marathe and colleagues recently published
ameta-analysis of 848 patients, including 21 studies. They reported
that even in the early period after the Fontan procedure, mortality
is high, long-term survival after a successful Fontan operation is
comparable to that of the overall Fontan cohort. Therefore, hetero-
taxy should not be considered a significant risk factor for late mor-
tality after its successful Fontan operation.14 Although this study
does not compare patients as heterotaxy and non-heterotaxy, we
found that mortality rates were high in heterotaxy patients, espe-
cially in RAI and SSD groups (55.2% and 41.7%, respectively).
There was no hospital mortality in the SSD group, but all deaths
were in the follow-up period. LAI had excellent surgical results
comparing other groups. Only one (14.3%) patient died after sur-
gery. This patient had surgery under poor preoperative condition.
She was an extremely premature baby (<32 weeks) and mechan-
ically ventilated. Also, she has kidney failure, coagulopathy, receiv-
ing inotropes because of myocardial dysfunction, and AV block
with temporary pacemaker support (preoperative risk score: 5).
She died after a systemic-pulmonary shunt operation.

Surgical results were also satisfying in the SI group, and the
mortality rate was 18.7% (n= 3). Both two hospital deaths were
preoperatively poor condition, and preoperative risk scores were
5 and 7 points. Only one patient died during the follow-up period,

Table 6. Predictors of early mortality by multivariate analysis

Variable

Multivariate

B SE HR (%95 Qİ)
p

value

Preoperative
mechanical
ventilation

2.776 0.750 16.061 (3.694–69.830) <0.001

Kidney injury 4.675 1.539 107.217 (5.246–69.830) 0.002

Coagulopathy −0.993 1.861 0.370 (0.010–14.227) 0.59

With more
than three risk
factors

0.103 1.833 1.108 (0.030–40.295) 0.95

PVO 1.573 1.112 4.819 (0.545–42.592) 0.16

Complex pro-
cedure

4.034 1.609 56.463 (2.409–1323.444) 0.012

RAI 2.632 0.826 13.905 (2.754–70.214) 0.001

CI: confidence interval; HR: Hazard ratio; PVO: Pulmonary Venous Obstruction; SE: Standard
error.
Italic represents significant of P values.

Figure 1. Kaplan–Meier curve of cumulative survival for each group (log-rank:
p= 0.054).

Figure 2. Kaplan-Meier curve of cumulative survival for the total cohort.
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probably because of shunt thrombosis causing sudden cardiac
death. This patient had a secondmBT shunt because of thrombosis
of the first one. Except for these patients who had poor preopera-
tive conditions, the results in the SI and LAI groups were excellent.
The 3-year survival rates were 85% in LAI and 78.7% in the
SI group.

Chen et al reported a study which was comparing 42Heterotaxy
patients as RAI and LAI. They found that the 3- and 5-year survival
rates were 79.9% for LAI and 70.8 ± 5.8 for RAI.15 This may be
because some proportion of patients had biventricular repair in
LAI (28.5%) and SI (25%). As Hashmi et al mentioned before in
their study, a high biventricular repair rate in LAI may explain
the improved results compared with patients with right isomer-
ism.16 As far as we know, the most comprehensive study with
biventricular repair in heterotaxy patients is that of Lim et al.
They reported that 371 patients received a diagnosis of heterotaxy
syndrome, and 91 patients underwent biventricular repair. LAI was
present in 73% (66/91) and RAI in 10% (9/91), with undetermined
atrial anatomy in 17% (16/91). They did not indicate the biventric-
ular repair prevalence for each type of isomerism, but survival rates
and functional capacity of survivors in the biventricular repair
group were better than those who underwent single ventricle pal-
liation in heterotaxy patients. The estimated survival was 93.4 ± 3.2
% at 15 years for the biventricular repair group.17 We could per-
form biventricular repair in six patients, and all of them were alive
with a median follow-up time of 25.5 (range 9–72) months.

Dextrocardia is a rare cardiac anomaly, and there is not enough
study in patients undergoing cardiac surgery. Poh et al reported a
study of 41 patients (19 patients with isomerism and 22 patients
without isomerism) with Dextrocardia. Except for one patient
who underwent the Mustard operation, single ventricle palliation
was applied to all patients. They reported that overall survival to 15
years of age was 56%. Mortality rates were 58% in isomerism and
27% in the non-isomerism groups.18 In our study, we identified 12
out of 64 patients as Dextrocardia without isomerism (SSD). All
SSD patients underwent single ventricle repair, and the mortality
rate was 41% (5 out of 12). All five patients died during the follow-
up period. Bhaskar et al have reported a study comparing hetero-
taxy patients as RAI and LAI. They found that the presence of
Dextrocardia is an independent risk factor for mortality (p = 0.009;
HR= 3.0; 95% CI 1.3–6.7).19 Dextrocardia with isomerism is
mostly associated with the common AV valve. According to
Poh and Bhaskar, the technical difficulty of achieving a sustainable
AV valve repair in these patients contributed to their mortality.
Although dextrocardia patients without isomerism are not often
accompanied with common AV valve, mortality remains high.
Poh et al. indicated that dextrocardia patients with bilateral
BCPS have better survival. This may explain the high mortality
rates of SSD patients during follow-up.

Seventeen out of 64 (26.5%) patients died early postoperative
period. Fourteen of these patients were in the RAI group.
Pulmonary venous return anomalies are mostly associated with
RAI. In our cohort, all nine patients with TAPVC were in the
RAI group. TAPVC is associated with high mortality rates and
poor outcomes, especially in the neonatal period.15,20–23 All three
patients died after TAPVC repair in the neonatal period.
Another patient with pulmonary venous obstruction died after
surgery in the infantile period. Chen et al reported that pulmonary
venous obstruction is a significant risk factor for mortality by uni-
variate and multivariate analysis; p-values were 0.001 and 0.005,
respectively.15 In our study, we found that PVO repair is a sta-
tistically significant risk factor in univariate analysis (p< 0.001;

HR= 8.589; 95% CI 2.878–25.633). In multivariate analysis, it
was not statistically significant. In our study, we found that being
RAI was an independent risk factor in both univariate and multi-
variate analyses. In the multivariate analysis, we found that RAI is
an independent risk factor with the 6.586 HR and the p-value of
0.003. Many studies reported that being RAI is associated with high
mortality and poor survival.15,19,22,24 Banka et al reported a study
that compare Heterotaxy patients as asplenia and polysplenia.
They found that asplenia phenotype is an independent risk factor
by multivariable Cox regression model with the 1.78 HR and p-
value of 0.002.24 Similar to previous studies, RAI, especially when
associated with TAPVC, had the worst prognosis.

Many authors have reported that mortality rates are high in the
neonatal period.15,20,25 In our study, 12 out of 17 hospital mortal-
ities were in the neonatal period. As we mentioned before, per-
forming pulmonary venous connection repair carries a high risk
of death. According to our experience, if possible, complex proce-
dures such as aortic arch repair and anomalous pulmonary venous
return repair should be postponed after the neonatal period. Ductal
stenting and hybrid approach should be considered instead of
complex surgeries during the neonatal period. We performed
ten ductal stenting with no mortality. Also, we performed hybrid
procedures for two patients. One of the hybrid patients died
because of complications of ductal stenting. Patients with pulmo-
nary stenosis who did not require intervention in the neonatal
period had excellent surgical results after the Glenn procedure even
though they had TAPVC repair.

Because of the nature of Heterotaxy Syndrome, patients are
more prone to respiratory complications. Our results showed that
mortality rates were high due to infectious complications in hetero-
taxy patients, especially in RAI. Nine out of 17 deaths (53%) were
because of infection and respiratory complications. Swisher et al
reported a study comparing 87 heterotaxy patients and 634 cardiac
surgical patients with congenital heart disease without laterality
defects. They found the mean length of postoperative hospital stay
(17 vs. 11 days) and mechanical ventilation (11 vs. 4 days) were
significantly high in heterotaxy patients. They reported that pro-
longed ventilatory courses (23% vs. 12.3%; odds ratio, 2.1) and
the need for tracheostomy (6.9% vs. 1.6%; odds ratio, 4.6) were sig-
nificantly higher in heterotaxy patients than the others.26

This study has several limitations. This is a retrospective single-
centre study with the limited number of patients. Heterogeneity of
the pathologies and procedures may influence the statistical
inference.

Conclusion

Laterality anomalies are one of the most challenging patients who
commonly had univentricular physiology. The most prevalent of
them was RAI, and patients with RAI had the worst outcome
and survival. Care should be taken in terms of pulmonary and
infectious complications in the postoperative period.
Biventricular repair should be considered in suitable patients.
Patients with Dextrocardia and RAI need close follow-up to avoid
casualties. Ductal stent and hybrid approaches are acceptable first
interventions during the neonatal period in suitable patients.
Complex procedures carry a high risk of death in the neonatal
period. Therefore, TAPVC repair should be postponed after the
neonatal period if possible.
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