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Significance of Pulmonary Venous
Obstruction in Total Anomalous
Pulmonary Venous Return

Background. Total anomalous pulmonary venous return (TAPVR) is an uncommon
congenital cardiovascular anomaly with poor natural prognosis. It has been detected
more frequently in recent year due to the advent of echocardiography and cardiovas-
cular magnetic resonance imaging (MRI). The aim of this study was to evaluate the
clinical manifestations and outcomes in TAPVR patients with or without pulmonary
venous obstruction (PVO).

Methods. From January 1985 to December 2002, a total of 27 cases with TAPVR at
our institution were reviewed. Accurding to the preseace or assence of PVO, patients
were divided into PVO group and non-PVO group. Patients’ sex, age at diagnosis,
types of TAPVR, clinical manifestations, surgical treatment and outcomes were eval-
uated.

Results. All of them had received 2-dimensional (2-D) and color Doppler echo-
cardiography examination. Cardiac catheterization was performed in all but 1 patient
who died at the first day of birth. In addition, 10 of 27 cases had cardiovascular MRI
for further study. The number of cases in PVO group and non-PVO group were 15
(56%) and 12 (44%), respectively. There was no significant difference in sex or pul-
monary venous drainage sites between both groups. Cyanosis was more prevalent in
the PVO group (80% vs. 30%, p = 0.038). Four (27%) cases PVO group and 3 (25%)
cases of the non-PVO group had of the non-isolated cardiac lesions. Pulmonary hy-
pertension was present in 18 (69%) of 26 cases who had received cardiac
catheterization. Among them, 10 had PVO and 5 had systemic level of pulmonary ar-
terial pressure. Seven (30%) of 23 patients who had received operation died; in
contrast, 3 of 4 patients without operation expired. The remaining 1 did not had sur-
gery because of complex heart disease. There was no significant difference in surgi-
cal mortality between PVO and non-PVO groups (33% vs. 27%).

Conclusions. Cyanosis is an obvious clinical symptom of obstructed TAPVR. Surgi-
cal mortality made no significant difference between obstructed and non-obstructed
groups. Early detection and surgical treatment for TAPVR are important. Although
cardiac catheterization and angiocardiography is the golden standard for the diagno-
sis, 2-D and color Doppler echocardiography can also provide quick and accurate di-
agnostic images of TAPVR.

otal anomalous pulmonary venous return (TAPVR)
Trepresents arare form of congenital cardiac defects
since introduced first by Wilson in 1798." As the advent
of 2-dimentisnal (2-D), color Dopplor echocardiography,”
angiography,’ and magnetic resonance imaging (MRI),*
TAPVR can be early detected. The clinical symptoms
and signs in TAPVR are variable. TAPVR patients with

pulmonary venous obstruction (PVO) usually present
with cyanosis and dyspnea even sudden death in the first
2 months,” and patients without PVO tend to present in
heart failure later. Without proper surgery or treatment,
the prognosis of these patients is grim in the first year of
life.® Early detection and prompt management are very
important. In this study, we presented the clinical mani-
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festations, the findings of echocardiography, cardiac
catheterization and MRI, and the outcomes of our
TAPVR patients with or without PVO.

METHODS

From January 1985 through December 2002, a total
of 27 TAPVR patients were diagnosed at Taipei Veterans
General Hospital. We analysed these patients’ sex, age at
diagnosis, types of TAPVR, clinical manifestations, sur-
gical treatment and outcomes. A comparison was also
made between patients with PVO (PVO group) and with-
out PVO (non-PVO group).

According to the different drainage sites of the
anomalous pulmonary veins to the heart, TAPVR is clas-
sified into 4 types: supracardiac type (anomalous pulmo-
nary vein draining into upper part of heart), intracardiac
type (anomalous pulmonary vein draining into middle
part of heart), infracardiac type (anomalous pulmonary
vein draining below the heart), and mixed type (which
has two or more drainage sites).

Patients with any 1 of the following criteria were con-
sidered having PVO: more than 50% reduction in the diam-
eter of anomalous pulmonary vein in angiography or MRI
films; (2) pressure gradient greater than 10 mmHg across
the narrowing site; (3) high blood flow velocity detected
within the pulmonary venous turbulent exceeding 1.5
m/sec by Doppler technique. Pulmonary hypertension is
defined as a mean pulmonary artery pressure (PAP) greater
than 25 mmHg at rest. Statistical analysis was performed by
using the Chi-square test for the categorical variables. Dif-
ference was defined to be significant in all comparisons if p
< 0.05 at the significant level of 95 percent confidence in-
terval and of power of 90 percents.

RESULTS

There were 14 boys and 13 girls; the age at diagnosis
ranged from 1 day to 10 years with the median age of 2.3
months. Among them, 15 (56%) patients had PVO and
the other 12 (44%) did not have PVO.

Twenty-six patients received cardiac catheterization
and the other 1 who died at the age of 1 day had only
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echocardiographic diagnosis. Twenty-three of them had
surgical treatment. Three of 4 patients who did not re-
ceive operation died and the other 1 had complex heart
disease with single ventricle and pulmonary stenosis.
Total correction was not attempted.

As shown in Table 1, the cyanotic features between
the PVO and non-PVO groups were statistically different
(p =0.038). TAPVR may be associated with various car-
diac defects and heterotaxy. Seven (26%) cases had asso-
ciated cardiovascular lesions, which included transposi-
tion great arteries with pulmonary atresia or pulmonary
stenosis in 4, common atrioventricular canal type single
ventricle in 2, and hypoplastic left heart syndrome with
coarctation of the aorta in 1. In this study, 4 cases (27%)
with PVO and 3 cases (25%) without PVO had non-iso-
lated TAPVR had no statistical difference. Meanwhile,
the heterotaxy syndrome presented equally in obstructed
and non-obstructed groups (p = 0.747).

All the patients of the infracardiac and mixed type

Table 1. General characteristics and clinical manifestations in
TAPVR patients with and without PYO

Parameters PVO group Non-PVO group p value
(n=15) n=12)
Age at diagnosis (month) 3.0° 22 NS
Sex (M/F) 8/7 6/6 NS
Cyanosis 12 (80)° 4(33) 0.038
Tachypnea 15 (100) 11 (92) NS
Difficult to feeding 9 (60) 5(42) NS
Frequent respiratory 2(13) 2(17) NS
infection
Failure to thrive 4 (27) 5(42) NS
Non-isolated TAPVR 4(27)°¢ 3(25)¢ NS
Drainage sites NS
Supracardiac 9 (60) 6 (50)
Cardiac 3(20) 6 (50)
Infracardiac 2(13) 0
Mixed 1(7) 0
Pulmonary hypertension ~ 10/14 (71)°¢ 8 (67)f NS
Surgical treatment 12 (80) 11 (92) NS
Mortality 7 (47) 4 (33) NS

The median age of month; ° number in the parentheses represents
percentage; °2 had heterotaxy; 92 had heterotaxy; ¢ 1 patient with
PVO did not receive cardiac catheterization, 3 of the 10 patients with
pulmonary hypertension had PAP/SAP > 1; 2 had PAP/SAP > 1.
TAPVR = total anomalous pulmonary venous return; PVO =
pulmonary veinous obstruction; PAP = pulmonary artery pressure;
SAP = systemic artery pressure.
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Fig. 1. (A) Sequential coronal sections of magnetic resonance imaging of a 1-month-old boy with supracardiac total anoma-
lous pulmonary venous return. Confluence of pulmonary veins was noted to form a common vertical vein (V.V.) with segmental
stenosis (*), which ascended upward then turned to right side and drain to superior vena cava. (B) Compatible picture of

cardioangiography.

RE
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Fig. 2. Two sequential coronal sections of magnetic reso-
nance imaging in a 2-month-old girl with intracardiac total
anomalous pulmonary venous return. The pulmonary veins
drained into the coronary sinus (CS) and into the right
atrium. Dilatation of the main pulmonary artery (PA) was
also noted.

patients had PVO there was no significant difference in
drainage sites between both groups (p = 0.583 and p =
0.947, respectively).

Among 26 patients who received cardiac cathe-
terization, 18 had pulmonary hypertension. Ten of 14
(71%) cases in PVO group and 8 (67%) in non-PVO
group had mild to severe pulmonary hypertension, but

they showed no significant difference in pressure. Only 3
patients of the PVO group had systemic or suprasystemic
level of pulmonary hypertension.

Of the 23 patients who had received operation, 7
cases (30%) expired (all < 1 y/o). Three of the other 4 pa-
tients without surgical correction died. There was no sig-
nificant difference in surgical mortality between PVO and
non-PVO groups.

Ten of 27 cases had MRI examination due to some
imaging limitations of echocardiography or angiography
in assessing pulmonary vein and pulmonary venous con-
fluence. Among them, 6 were of supracardiac type, 3 were
of intracardiac type and the other 1 was of mixed type. We
found that MRI is compatible with cardioangiography and
echocardiography for diagnosis of TAPVR (Figs. 1 and 2).

DISCUSSION

The symptoms and signs of TAPVR are variable,
usually depending on the pathological anatomy and the
changes of hemodynamics. Tachypnea, difficult feeding
and cyanosis are usually the initial symptoms.’ Repeated
respiratory tract infection, and failure to thrive are also
present. More than 92% of our TAPVR patients had
tachypnea initially, but less than 17% of them had fre-
quent respiratory tract infection. It may be due to the in-
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creasing alertness of caregivers and early detection of this
problem with the facility of echocardiography. Cyanosis
is a significant clinical manifestation and is more common
in PVO group.

TAPVR is either an isolated defect with small atrial
septal defect or patent ductus arteriosus or is a non-iso-
lated disorder which is associated with various complex
cardiac abnormalities, such as common atrioventricular
canal, pulmonary stenosis or atresia, mitral atresia,
conotruncal anomalies, systemic venous anomalies or
heterotaxy syndrome. In the report of Delisle et al..® the
non-isolated form accounts for about 38% of cases, and
37% in patients with PVO. In contrast, 7 (26%) of our
cases had non-isolated TAPVR and 4 (57%) of them had
PVO. But it seems not to be significantly different be-
tween heterotaxy syndrome combined with pulmonary
venous obstruction,® which is compatible to our study re-
sults.

Although elevated PAP may be present in patients
with PVO, and intracardiac shunt should be more right to
left direction to induce more cyanosis, many reports
failed to demonstrate that relationship. Gathman and
Nadas’ had reviewed 75 pediatric patients with TAPVR,
and found that only three-fourth patients with markedly
elevated pulmonary artery pressure had anatomic PVO.
Their findings were also confirmed by Delisle et al.,” but
given with no clear explanation.

In sense of the drainage sites, the PVO occurs most
often with the infracardiac type and less often in the
intracardiac type of TAPVR.*® But our findings showed
no significant difference between the PVO and non-PVO
groups. The small number of cases might count.

As the advent of echocardiography, TAPVR can be
readily diagnosed without much difficulty. The sensitiv-
ity and specificity for diagnosis by echocardiography in-
cluding cross-sectional and color Doppler flow mapping
have been reported to be up to 97% and 99%, respec-
tively.”'? Diagnostic cardiac catheterization is currently
not so desirable due to its invasive nature and time-spare
technique as well as the unstable condition of patients in
procedure. It has been reserved for the patients who have
coexisting complex heart lesions or mixed connection of
pulmonary veins. In order to have detailed hemodymanics
and clear anatomy, all our cases had received cardiac
catheterization except 1 died.
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Otherwise, there were more and more performance
of EKG-gated MRI for cardiovascular survey because of
the advantages in obtaining non-invasive, detailed im-
ages and non-irradiation nature.'*'* MRI may achieve a
detection rate of 98% in identifying anomalous pulmo-
nary venous channels,* but the costs of study and the risk
of sedation must be taken into consideration. We had
demonstrated 10 cases with non-contrast enhanced MRI
examination with spin echo and fast gradient echo pulse
sequences and contrast-enhanced 3D MRA for the great
vessels and heart. The results were acceptable and com-
parable with the cardioangiography. It can help us to fur-
ther evaluate the TAPVR with complex heart disease that
the echocardiography is sometimes difficult to detect. In
our study, angiocardiography is the golden standard for
diagnosis of TAPVR. The 2-D and color Doppler echo-
cardiography is noninvasive, safe and portable, and may
be considered as the first choice for diagnosis. Addition-
ally, cardiac MRI can be supplementary if echocardiography
and angiography are inadequate.

The natural course of TAPVR is unfavorable be-
cause of progressing pulmonary artery hypertension and
heart failure. Open heart repair is necessary in most of
the cases to resolve lethal anomaly. The estimated first-
year survival rate in patients with no treatment was only
25%; 50% death occurred before 3 months of age, and
80% death occurred before 1 year of age.'” However, the
operation mortality in patients under 1-year of age de-
creased significant from 50% in 1970s to 30% after
1970s.'“"" In our study, mortality rate was high (75%) in
patients without surgery, and was 30% in those with sur-
gery before 1 year old. There was no statistical differ-
ence in surgical mortality between PVO, in spite that
some reports indicated a higher operative mortality in
TAPVR patients with PVO.'®"
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