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Abstract

Aim: To study the long-term outcome after surgery for pulmonary atresia and ventric-
ular septal defect (PA-VSD), and to determine association between the contribution
of major aorto-pulmonary collateral arteries (MAPCAs) to the pulmonary blood flow,
comorbidity and cause of death.

Methods: Patients who had undergone surgery for PA-VSD from January 1st 1994
to December 31st 2017 were studied retrospectively. Survival was cross-checked
against the Swedish National Population Register.

Results: Seventy patients were identified, giving an incidence of 5.3 newborns per
100 000 live births. In 41 patients (59%) the pulmonary blood flow originated from
a patent ductus arteriosus (PDA), while 29 patients (41%) had contribution of the
pulmonary blood flow from MAPCAs. Extracardiac disease was found in 34 patients
(49%), 16 of whom had 22qg11-microdeletion syndrome (23%). Survival at follow-up
was similar in patients with and without MAPCAs (72.4% vs. 75.6%, n.s.), with a me-
dian follow-up time of 14.3 years (3.2-41.8 years). No difference was found in mortal-
ity in patients with or without any syndrome or extracardiac disease.

Conclusion: Long-term survival did not differ between those with and without
MAPCAs and no difference in mortality was seen in patients with and without con-

comitant extracardiac disease or any kind of syndrome.

KEYWORDS
22q11-microdeletion syndrome, congenital heart defect, major aorto-pulmonary collateral
arteries, pulmonary atresia with ventricular septal defect, pulmonary blood flow

a role in the development of this congenital heart defect, but the

Pulmonary atresia with ventricular septal defect (PA-VSD) with or
without major aorto-pulmonary collateral arteries (MAPCAS) is an
uncommon congenital malformation, with an incidence of 4-10 per
100 000 liveborn children, accounting for about 2.5% of congenital
cardiac defects.™® Genetic and environmental factors seem to play

precise mechanism is still unclear. The association with the 22q11-
microdeletion syndrome is well-known, and is reported in up to
41% of all the PA-VSD patients, and in up to 65% of patients with
MAPCAs.>” In patients with 22g11-microdeletion syndrome 75%
have a congenital heart defect, and of these about 24% have PA-VSD
with or without MAPCAs.®

Abbreviations: PA-VSD, Pulmonary atresia and ventricular septal defect; MAPCAs, Major aorto-pulmonary collateral arteries; PDA, Patent ductus arteriosus.
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Patients with PA-VSD can be diagnosed prenatally by ultra-
sound, but it can be difficult to map the pulmonary blood supply.’
The pulmonary vascular supply in patients with MAPCAs varies
regarding origin, number, size, course and the part of the lung sup-
plied, and is thus demanding for all the health care professionals
involved.!® Cardiac catheterisation and/-or multi row detector
computed tomography can be used once the child is born to vi-
sualise the anatomy before surgery.!* The optimal treatment for
this malformation is biventricular repair with closure of the ven-
tricular septal defect to create blood flow from the right ventricle
to the pulmonary arteries through a conduit with an acceptable
right ventricular pressure. In order to repair the defect, initial pal-
liative strategies, such as inserting an aorto-pulmonary shunt or
a right ventricle to pulmonary artery connection, are required.?
Survival without surgery is limited to a few years in the major-
ity of patients PA-VSD, with or without MAPCAs.'® Several stud-
ies have been presented on postoperative results and follow-up
of PA-VSD patients.?%!3 In recent years, extensive research has
been performed to determine how the most favourable results
can be achieved in patients with PA-VSD and contribution to the
pulmonary blood flow from MAPCAs.3101415 \We here report the
results on long-term survival, associated comorbidities and causes
of death in patients with PA-VSD with or without MAPCAs in our
hospital.

2 | SUBJECTS AND METHODS

2.1 | Study population

All patients who had undergone surgery due to PA-VSD from
January 1st 1994 to December 31st 2017 at the Queen Silvia
Children’s Hospital, Sahlgrenska University Hospital were included.
Since 1994, paediatric cardiac surgery has been performed at two
centres in Sweden, Lund University Hospital and the Queen Silvia
Children's Hospital in Gothenburg“; there is no private alternative
for this treatment. Each centre has approximately 5 million inhabit-
ants in its referral area. The study was performed as a retrospective
study, using the Queen Silvia Children's Hospital paediatric cardio-

thoracic database and patient's medical records at local hospitals.

2.2 | Data collection

Patients with PA-VSD were identified from the paediatric cardiotho-
racic database at the hospital, and important clinical data were re-
trieved by manually searching the patient's original medical records.
The diagnoses, including the source of pulmonary blood flow supply,
were confirmed in all patients through catheterisation, angiography
and surgical reports, as well as data from echocardiography and
computed tomography examinations. Survival was cross-checked
against the Swedish National Population Register as of 1st May
2020, providing reliable and complete data. All medical records were
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Key Notes

e This is the first Swedish study published on patients op-
erated on for pulmonary atresia and ventricular septal
defect.

e We found an incidence of 5.3% per 100 000 new-
borns, with a long-term survival, median follow-up time
14.3 years (3.2-41.8 years) of 72.4% and 75.6% in pa-
tients with and without major aorto-pulmonary collater-
als respectively.

e Almost 50% of patients had concomitant extracardiac

disease or some type of syndrome.

retrieved with no patient lost to follow-up. The study was approved
by the Regional Ethics Committee (No. 518-16, T1123-17).

2.3 | Statistical analysis

The primary outcome was all-cause mortality; secondary outcomes
were extracardiac diseases, including syndromes, reoperation and
catheter interventions. Differences between groups were studied
using the chi-squared test and Student's t-test. Survival was esti-
mated using Kaplan-Meier curves and the log-rank test to compare
survival between groups using IBM SPSS Statistics, version 23. A

p-value <0.05 was considered statistically significant.

3 | RESULTS

Between January 1st 1994 and December 31st 2017, 70 patients
with PA-VSD had undergone surgical treatment at our hospital. In 12
cases, children born before 1994 had been given surgical treatment
before 1994, while 58 patients were born during the study period.
According to the Swedish National Board of Health, the total num-
ber of live births in the referral area covered by the hospital during
the study period was 1 091 406 (Statistics Sweden, www.scb.se), giv-
ing an incidence of 5.3 newborns per 100 000 live births.

Of the 70 patients, 39 were boys and 31 were girls, with a me-
dian age of one day (0-480 days) at presentation (Table 1). In 41
patients (59%) the pulmonary blood flow originated from a single
patent ductus arteriosus (PDA) supplying confluent pulmonary
arteries (Group 1). In 29 patients (41%) the pulmonary blood flow
originated from MAPCAs with or without a contribution from a PDA
(Group 2) (Figure 1). No central pulmonary arteries could be found in
four patients (5.7%) (Group 2).

Various syndromes or chromosomal abnormalities (excluding
22q11 microdeletion syndrome) were found in 10 patients, and 36
patients (51%) had an extracardiac disease (Table 2). The 22q11 mi-
crodeletion syndrome was found in five out of the 41 patients with-
out MAPCASs (12%) and in eleven of the 29 patients with MAPCAs


http://www.scb.se

WIEZELL eT AL.

R RYWHRSE \C A P/EDIATRICA

TABLE 1 Clinical and demographic data for the PA-VSD patients included in this study

All Group 1 (non-MAPCA) Group 2 (MAPCA)
N=70 n=41 n=29 p=value
Male 39 27 (66%) 12 (41%) n.s.
Female 31 14 (34%) 17 (59%) n.s
Birthweight, kg, mean (range) 3.1(1.4-4.9) 3.1(1.4-4.9) 3.1(1.6-4.1) n.s.
Median age at presentation, days 1(1-480) 1(1-18) 1(0-480) p < 0.05
(range)
Median age at first operation, days 12 (1 day-6.9 years) 7 (1 day -148) 56 (2 days-6.9 years) p < 0.001
(range)
Intrauterine diagnosis? 7 1 6 n.s

Group 1: PA-VSD only, Group 2: PA-VSD+MAPCAs.
?Intrauterine diagnosis only from 2011.

Pulmonary circulation with
confluent pulmonary
arteries and PDA

Pulmonary circulation

partially or only via
MAPCAs

41 patients (deceased 10)

29 patients (deceased 8)

Ductus and MAPCAs
MAPCAs only
/ 8 patients \ / 21 patients \
Confluent Non- Confluent No central
pulmonary co‘nﬂuent pulmonary pulmonary
arteries pulmonary arteries arteries
arteries
5 patients (deceased 3) 3 patients 17 patients (deceased 5) 4 patients

FIGURE 1 Pulmonary blood flow in 70 patients with PA-VSD

(38%, p < 0.05). The various extracardiac diseases are listed in
Table 2. Additional cardiac diagnoses are seen in Table 3.

The surgical procedures used in all patients are given in Figures 2
and 3. Preceding the surgical corrections in patients without
MAPCAs, 31 patients underwent a modified Blalock-Taussig shunt
as the first operation, nine patients a central shunt, and one pa-
tient underwent a Potts anastomosis (Figure 2). In patients with
MAPCAs, there was considerable variation of the type of surgery
performed both initially and at subsequent procedures (Figure 3).
Unifocalisation of the MAPCAs was performed in 19 of these pa-
tients, seven of whom underwent unifocalisation in combination
with a Blalock-Taussig shunt and three in combination with a central
shunt at first surgery. In four patients, unifocalisation was achieved
together with correction at the first surgery. Three patients un-
derwent a Sano shunt and in six patients a transannular patch was
inserted. Corrective surgery was accomplished in 58 of the 70 pa-
tients (83%) at a median age of 16 months (4 days-19 years). The
numbers of patients in Groups 1 and 2 receiving corrective surgery
were 35/41 (85%) and 23/29 (79%), respectively (n.s.). Fenestration
of the patch to close the VSD was used in two patients in Group
1 and in nine in Group 2 (p < 0.02). Both patients in group 1 who
had fenestrated VSD patches were alive at follow-up. In one patient,
the homograft was anastomosed only to the left pulmonary artery

due to interruption of the right pulmonary artery after a complica-
tion following a Blalock-Taussig shunt operation; this patient had
acceptable systemic right ventricular pressure. In the other patient,
the fenestration had closed spontaneously. Among the nine patients
with PA-VSD and MAPCAs who received a fenestrated VSD patch
three died: one who had Holt-Oram syndrome and a bronchial ste-
nosis and concomitant pneumonia, one due to an infection, and one
after fatal lung bleeding with cardiac arrest at catheterisation. These
three patients all had a systemic right ventricular pressure at fol-
low-up before death. Among the remaining six patients with a fenes-
trated VSD patch, all have a right ventricular pressure lower than
the systemic pressure with a left to right shunt across the fenestra-
tion not considered to indicate closure of the fenestration. In one
of these six patients the fenestration even closed spontaneously.
Estimating the residual right ventricular pressure in survivors after
corrective surgery by using Doppler measurements at follow-up, we
found 21/31 (67%) of the patients without MAPCAs and 9/18 (50%)
of patients with MAPCAs (n.s) to have a right ventricular pressure
lower than half the systemic pressure.

In Group 1, 18 of the 41 patients had undergone one conduit
exchange during the study period, and one of these had undergone
two conduit exchanges. In Group 2, five patients out of 29 had un-
dergone a conduit exchange, two of whom patients had undergone
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TABLE 2 Comorbidities (syndromes and extracardiac anomalies)

All
N=70
Patients with extracardiac manifestations including 34 (49%)
22911 microdeletion syndrome and other
syndromes

Male 14 (41%)
Female 20 (59%)
22911 microdeletion syndrome only 16 (23%)
Extracardiac manifestation, no verified syndrome 7 (10%)
VACTERL association (with anal atresia) 1
Charge syndrome 1
Trisomy 21 1
Goldenhar syndrome 1
Klippel Feil syndrome 1
Smith-Lemli-Opitz syndrome 1
Alagille syndrome 3
Holt-Oram syndrome 1
Chromosome 18P deletion 1

Situs inversus with levocardia and asplenism 1
Duodenal atresia and malrotation of intestines 1
Oesophageal atresia 1
Neurofibromatosis 1

Left lung hypoplasia 1
Congenital kyphosis 1
Scoliosis 1

Cleft palate (1 with 22g11 microdeletion syndrome and 2

1 with Klippel Feil syndrome)

Anal atresia (1 with patient with 22q11 microdeletion 2
syndrome and 1 with VACTERL association)

Polycystic left kidney (in patient with 22q11 1
microdeletion syndrome)

Malrotation (in patient with 22q11 microdeletion 1
syndrome)

Bronchial stenosis (in patient with Holt-Oram 1
syndrome)

Group 1: PA-VSD only, Group 2: PA-VSD+MAPCAs.

two exchanges. Catheter interventions, mostly balloon dilatation
with or without stent insertion due to pulmonary artery branch ste-
nosis, were performed in 37 patients, 19 in Group 1 and in 18 in
Group 2 (Table 4). A Melody® valve was inserted in eight patients:
six in Group 1 and two in Group 2 (Figures 2 and 3). One patient in
Group 1 underwent two Melody® valve insertions.

Death occurred in 18 patients, at a median age of 1.3 years
(9 days-19 years). Three died within 30 days of the last major sur-
gery, and 15 later than this (Table 5). Ten patients, six in Group 1
(14.6%) and four in Group 2 (13.8%), died before corrective surgery
could be undertaken. Eight patients died after corrective surgery,
four in each group. Survival at follow-up was similar in patients with
and without MAPCASs (72.4% vs. 75.6%, n.s); the median follow-up
time was 14.3 years (3.2-41.8) (Figure 4).
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Group 1 (hon-MAPCA) Group 2 (MAPCA)

n=41 n=29 p=value

17 (41%) 17 (59%) n.s.

9 (53%) 5 (50%) n.s.
8 (47%) 12 (76%) n.s.

5(12%) 11 (38%) p < 0.05

6 (15%) 1(3%) -

1 0 -

1 0 -

1 0 -

1 0 -

1 0 -

1 0 -

0 3 -

0 1 -

0 1 -

1 0 -

1 0 -

1 0 -

1 0 -

1 0 -

0 1 -

1 0 -

2 0 -

0 1 -

0 1 -

0 1 —

0 1 -

All deaths except three were related to cardiac disease: one
death was the result of a car accident, one due to a lethal intracranial
complication after an episode of otitis, and the third due to severe
scoliosis and pronounced respiratory insufficiency (Table 4). We
found no statistically significant difference in mortality when com-
paring patients with (10 patients, 29%) and without (8 patients, 22%)
any syndrome or extracardiac disease (Table 4).

4 | DISCUSSION

The present study describes the outcome of 70 patients treated
for PA-VSD at one hospital in Sweden from a very uniform and
constant referral area, with no private alternative for treatment,
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TABLE 3 Associated cardiac

All Group 1 (non-MAPCA) Group 2 (MAPCA) abnormalities
N=70 n=41 n=29
Right-sided aortic arch 18 11 7
Single coronary artery 1 1 0
Left superior vena cava to 2 2 0
coronary sinus
Dextrocardia 1 1 0
Criss-cross heart 1 1 0
Right-atrial isomerism 1 1 0
Double aortic arch 1 1 0
Left superior vena cava 4 2 2
Double discordance 1 1 0
Abnormal left pulmonary artery 1 0 1
from ductus arteriosus
Aberrant right subclavian artery 1 0 1
Coronary artery fistula from 1 1
left coronary artery to main
pulmonary artery
Group 1: PA-VSD only, Group 2: PA-VSD+MAPCAs.
CDeath >
CDeath D = Blalock-Taussig Shunt
CCON D CDeath > < CS > =Central shunt
CCON > _CON > Potts = Potts anastomosis
CCON > CMEL D ~ Correction
C_CON > C_MEL D Expl = Exploration
C_CON > i E::et:vaker change
Sano = Sano shunt
% = Conduit exchange
oM CMEL > = Melody® valve
= \Sgge;:z; + fenestration of
- g;)crfnfgf; insertion of
> MEL >
CMEC >
PA-VSD BT > < CortFen >
n=41 »_Cor > o
Cor >
_Cor > > PM

Te>—— >
rE
Potts

FIGURE 2 Flowchart showing surgical procedures in Group 1 (without MAPCAS), including Melody® valve implantation

thereby comprising an unselected cohort of patients. There were
no drop-outs, thus ensuring complete and reliable data on follow-
up. The incidence of 5.3 patients with PA-VSD per 100 000 live
births in the present study is well in line with previous reports be-
tween 4.2 and 10 per 100 000 live births.!>1"1® When grouping
the patients into those with PA-VSD only and those with MAPCAs

we found a similar distribution, that is 59% and 41%, respectively.
This is in agreement with a study by Kaskinen et al?> who reported
the long-term outcome in patients with PA-VSD born in Finland
1970-2007. In patients with both PA-VSD and MAPCAs (Group 2),
four (13.8%) lacked central pulmonary arteries (Figure 1), well in

line with previous reports.>*’
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B> B O
—— e TS D
BT > > > > GCS —» Ui > Cor > Coeath >
BT > :f CS+Uni cs »<_Corr+UnitFen MEL
< BT+Uni_ > > BT > UNI » Corr > > VsD > VD
< BT+Uni_> > BT+Uni_ > > UNI _Cor >
BT+ > ——»_Comtlni_> C Deatht >
= Blalock-Taussig Shunt
Sano < CS_ > = Central shunt
Sano > Sano »_Corr+Fen > Potts = Potts anastomosis
Sano —»C CS+Uni > Uni > Uni »_Corr+Fen > = Correction
Expl = Exploration
et
Sano = Sano shunt
PA-VSD+ < Comrtn > = Conduit exchange
»< Corr+Uni+Fen > e > CMEL > = Melody® valve
MAPCAs -
»_Trans > »_Corr+Fen Uni = Unifocalization of MAPCAs
n=29 < Sano cs = Transannular patch
vsD = VSD closure
< Cor > —— < BT+uni_> = Blalock-Taussig Shunt +
@ unifocalization of MAPCAs
< Corr+Uni__>= Correction + unifocalization
= Correction + fenestration of
VD pateh
< GomrUni+Fen = Correction + unifocalization
+ fenestration of VSD patch
Awaiting Corr = Awaiting correction
>G5 > Awaiting Corr - Patient died in a car
>G5 > > Awaiting Corr accident
»C Awaiting Corr
U o G

FIGURE 3 Flowchart showing surgical procedures in Group 2 (with MAPCAS), including Melody® valve implantation

The significantly earlier clinical presentation in our patients with
PA-VSD where the pulmonary blood flow was solely dependent on
ductal flow, compared to those with MAPCA connections, was clear
in our study. This has been described in some other reports,?° while
others, surprisingly, have not found such a difference,? in spite of
studying a rather large and population-based cohort. In the pres-
ent study, all the patients diagnosed during the last five years of the
study period were identified prenatally, reflecting the development
of foetal cardiology in Sweden in recent years. This screening pro-
gramme has also been unevenly introduced in the referral area. In a
comprehensive register study on live-borns with major congenital
heart disease in Denmark during the period 1996-2013, the number
of newborns with PA-VSD was found to decline significantly as a
consequence of the introduction of generalised prenatal screening
starting in 2004.% Early information on the long-term outcome in
patients with this complex lesion is of the utmost importance to the
foetal cardiologist to be able to give relevant advice.

A main finding of the present study was a relatively high survival
rate (75%) at long-term follow-up, with no statistically significant dif-
ference between patients with or without MAPCAs. This finding is in
line with the results reported in other studies.“? However, any study
on the outcome of patients with PA-VSD should clearly separate the
results into the groups according to the type of pulmonary blood
supply, as the surgical strategy and surgical options vary greatly be-
tween those with and without MAPCAs.

The surgical strategy at our hospital for patients in whom the
pulmonary blood flow supplied by a PDA with no MAPCAs is to
perform corrective surgery after an initial shunt operation, either
using a modified Blalock-Taussig shunt or a central shunt (75% vs.

22%, Figure 2). Death after these procedures occurred in six patients
(15%): five after having received a Blalock-Taussig shunt and one
after surgery to insert a central shunt. This confirms the findings of
other studies of relatively high mortality and morbidity rates after
shunt operations.??23 This has promoted the development of either
right ventricle to pulmonary artery shunt operations, or other types
of palliative right ventricle to pulmonary artery connection.?*?°
The cause of death after palliative shunt surgery in this study var-
ied, including difficulties in creating an increased pulmonary blood
flow due to diminutive pulmonary arteries, shunt dysfunction com-
bined with infections, while in one case pulmonary oedema contrib-
uted to the fatal outcome. Corrective surgery was accomplished in
35/41 (85%) of the patients without MAPCAs and 23/29 (72%) with
MAPCAs (Table 4). These are considerably higher than the values
presented by Kaskinen et al,? who studied all patients in Finland
with PA-VSD from 1970 to 2007, where corrective surgery was per-
formed in 42/66 (64%) of patients without MAPCAs and in 12/43
(28%) of those with MAPCAs. In a comprehensive study carried out
in Toronto, Canada, also covering a long study period, the propor-
tions of patients receiving corrective surgery were closer to the
findings of the present study.'® Four patients (8.8%) with PA-VSD
without MAPCAs in the present study died after corrective sur-
gery, two due to complications after the second corrective surgery
(conduit exchanges), while the other two deaths were sudden and
unexpected; one of these patients also had severe scoliosis and pro-
nounced respiratory insufficiency.

Most recent reports concerning patients with PA-VSD have,
however, dealt with the patient group in which MAPCAs contribute
to the pulmonary blood flow, and various surgical strategies have
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TABLE 4 Corrective surgery and mortality.

All
N=70

Patients with complete 58
correction (%)

Median age at correction, years 1.3 (4 days-19 years)

(range)

Number of patients with one 23
conduit exchange

Number of patients with two 3
conduit exchanges

Number of patients with Melody 8
insertion

Number of patients with two 1

Melody insertions

Total mortality (%) 18 (26%)

Median age at death, years 1.6 (9 days-27.3 years)

(range)

Mortality: No extracardiac 8(22%)

associations

Mortality: Extracardiac 10 (29%)
associations including 22q11

and other syndromes

Mortality: 22q11 microdeletion 5(31%)

syndrome only

Mortality: Syndromes other 4 (36%)
than 22q11 microdeletion

syndrome

Mortality: Extracardiac 1 (10%)
associations, no verified

syndrome

15 (83%)

3(17%)

Mortality: Cardiac causes

Mortality: Other causes

Group 1: PA-VSD only, Group 2: PA-VSD+MAPCAs.

been developed based on extensive clinical research and experi-
ence 2426728 The initial surgical strategy for these patients at our
hospital has varied considerably, including: a modified Blalock-Taussig
shunt with or without concomitant unifocalisation of the MAPCAs, in-
serting a central aorto-pulmonary shunt in combination with unifocal-
isation, a right ventricle to pulmonary artery connection using either
a Sano shunt or a transannular patch procedure, or by primary cor-
rection in combination with unifocalisation (Figure 3). Such diversity
in the initial surgical procedures used is hardly surprising considering
the relative rarity of PA-VSD and MAPCAs per se, the variability of the
MAPCAs configuration in patients, and also the long period covered
by the present study. Not only is the care provided customised to the
individual patient, but also depends on the surgeon's preferences. The
survival of patients with PA-VSD with MAPCAs in the present study
(69%) was in line that reported previously,® but did not reach the sur-
vival rates reported by others.}*?”28 |n spite of the greater difficulty in
achieving complete repair in the MAPCAs group in the present study,
(as reflected by the higher number of surgical procedures than the
non MAPCAs group), long-term survival was similar in the two groups,

Group 1 (hon-MAPCA) Group 2 (MAPCA)

n=41 n=29 p-value
35 (85%) 23 (79%) n.s.

1.2 (4 days-6.5 years) 1.8 (10 days-19 years) n.s

18 (44%) 5(17%) p < 0.05
1(2%) 2(7%) -

6 (15%) 2 (7%) -

1(2%) 0 -

10 (24%) 8 (27%) n.s

0.8 (9 days—27.3 years) 3.8 (1.3-19.1 years) p<0.01
6 (25%) 2 (16%) -

4 (24%) 6 (35%) n.s

2 (40%) 3(27%) n.s

2 (33%) 2 (40%) >

0 1(100%) -

9 (90%) 6 (75%) n.s
1(10%) 2 (25%) -

although a significantly higher number of patients with MAPCAs had
undergone fenestration of the VSD patch at correction.
As reported in previous studies, associated comorbidity and syn-

dromes were common in patients with PA-VSD,*32?

reaching an inci-
dence of almost 50%. However, a statistically significant difference
was only found in the incidence of the 22q11 microdeletion syn-
drome between patients with and without MAPCAs (38% vs. 15%,
p < 0.05, Table 2). We could not confirm the finding reported in sev-
eral previous studies that 22q11 deletion syndrome was associated
with increased mortality at surgery for PA-VSD patients.*>3° Also,
somewhat surprisingly, we found no increased mortality in patients

with other extracardiac disease (Table 4).

4.1 | Limitations

The study is retrospective with medical charts being scrutinised
to retrieve relevant clinical data, some of which, for instance data
on right ventricular pressure after correction, exercise testing and
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FIGURE 4 Results of Kaplan-Meier analysis: (A) for all patients, (B) for patients born before 1994 and patients born 1994-2017, (C)
Group 1 (without MAPCAS) vs. Group 2 (with MAPCAs) all years, (D) Group 1 (without MAPCAS) vs. Group 2 (with MAPCAs) born 1994-

2017

quality of life, are incomplete rendering the evaluation of the long-
term outcome apart from mortality, type of interventions and co-
morbidities difficult. The inclusion of a smaller cohort with their first
surgery even before 1994 may to some extent skew some of the

grouped data.

5 | CONCLUSIONS

Pulmonary atresia and ventricular septal defect with or without
MAPCA:s is a rare malformation; the incidence of patients receiving
surgery in this complete cohort from a very stable referral area being
5.3% per 100 000 newborns. No difference was seen in survival be-
tween the groups according to Kaplan-Meier analysis (Figure 4).
Although patients with MAPCAs required more surgical interven-
tions, on average, than the group without MAPCAs, long-term sur-

vival was similar in the two groups, (72.4% vs 75.6%, n.s.) after a

median follow-up time of 14.3 years (3.2-41.8 years). Associated co-
morbidities and syndromes were common in patients with PA-VSD
both with and without MAPCAs in total, almost 50%. No significant
difference was found in survival between patients with and without
22911 microdeletion syndrome, or with and without comorbidities
and syndromes in general.
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