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Abstract

Background: Some patients with congenital heart defects are considered inoperable because of severe pulmonary
arterial hypertension (PAH) at birth, and some of these patients are followed for a long period. Recently, PAH-
specific drugs have been developed to treat PAH. These drugs might make it possible to operate in adult patients
with congenital heart defects who were previously considered inoperable. However, it is unclear which cases are
appropriate for treatment and how they should be managed.

Case presentation: We describe a 32-year-old woman who was diagnosed with a ventricular septal defect, patent
ductus arteriosus, and coarctation of the aorta, as well as severe PAH at birth. The attending physician at the time
decided not to perform total repair. We re-evaluated the patient’s haemodynamics at 32 years of age. Her mean
pulmonary artery pressure was 105 mmHg, pulmonary vascular resistance was 14.5 Wood units and pulmonary
blood flow-to-systemic blood flow ratio (Qp/Qs) was 2.8. However, she had good vasoreactivity to oxygen.
Vasoreactivity testing with 100% oxygen showed decreases in the following measures: the mean pulmonary artery
pressure was 88 mmHg, pulmonary vascular resistance was 3.8 Wood units, and Qp/Qs was 10.8. We repaired the
cases of coarctation of the aorta, patent ductus arteriosus and ventricular septal defect without the occurrence of a
pulmonary hypertension crisis after surgery by using PAH-specific drugs. Furthermore, the continuous use of PAH-
specific drugs improved the patient’s symptoms and the 6-min walk distance and decreased the mean pulmonary
artery pressure and pulmonary vascular resistance. Her mean pulmonary artery pressure was 22 mmHg, and her
pulmonary vascular resistance was 4.7 Wood units at the one-year follow-up.

Conclusions: With perioperative use of PAH-specific drugs, CHDs can be repaired without the occurrence of a
pulmonary hypertension crisis after surgery in patients with a good vasoreactivity response to oxygen, even if the
PVR is high. Medical treatment and surgery can therefore treat PAH and improve patients’ exercise capacity over
time.
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Background
Some patients with congenital heart defects (CHDs) are
considered inoperable because of severe pulmonary arterial
hypertension (PAH) at birth, and some of these patients are
followed over a long period. Recently, PAH-specific drugs
have been developed to treat PAH [1]. These drugs might
make it possible to operate in adult patients with CHD who
were previously considered inoperable. However, it is un-
clear which cases are appropriate for treatment and how
they should be managed. We present a patient who under-
went repair of a ventricular septal defect (VSD), patent
ductus arteriosus (PDA), and coarctation of the aorta
(CoA) and had severe PAH that was managed by PAH-
specific drugs before and after surgery.

Case presentation
A 32-year-old woman was diagnosed with VSD, PDA,
and CoA, as well as severe PAH at birth, in another hos-
pital. The attending physician at the time decided not to
perform repair for VSD and CoA because the patient
also had severe PAH and Eisenmenger syndrome. The
patient reported experiencing dyspnoea upon exertion at
the age of 32 years and was administered home oxygen
therapy and macitentan 10mg/day. She was referred to
our hospital for an evaluation and treatment for VSD,
CoA, and PAH. The patient was diagnosed with World
Health Organization functional class II PAH. Her heart
rate was 93 bpm, blood pressure was 114/58 mmHg, and
SpO2 was 84% in the upper limbs and 68% in the lower
limbs under 2 L oxygen. The cardiovascular examination
revealed an increased intensity of P2 and a pansystolic
murmur in the third right intercostal space upon auscul-
tation. She had a clubbed finger. Her 6 min walk dis-
tance was 360 m with a minimal SpO2 value of 60% in
the upper limbs under 2 L oxygen. The blood examin-
ation showed elevated B-type natriuretic peptide (149
pg/mL) and polycythaemia levels (haemoglobin level,
19.9 g/dL). Chest radiography revealed an enlargement
of the pulmonary artery (Fig. 1a). Transthoracic

echocardiography showed a perimembranous-type VSD
(17 × 21mm) with a bidirectional shunt and a tricuspid
regurgitation pressure gradient of 125 mmHg (Fig. 2a
and b, three of the additional movie files show this find-
ing in more detail [see Additional files 1.mpeg, 2.mpeg,
3.mpeg, 4.mpeg and 5.mpeg]). The left ventricular ejec-
tion fraction was 57%, and the tricuspid annular plane
systolic excursion value was 21 mm. Computed tomog-
raphy showed the presence of CoA immediately distal to
the left common carotid artery and PDA (Fig. 3a and b).
Right heart catheterization (RHC) revealed a mean pul-
monary artery pressure (PAP) of 105 mmHg, a pulmon-
ary vascular resistance (PVR) of 14.5 Wood units, a
pulmonary blood flow-to-systemic blood flow ratio (Qp/
Qs) of 2.8, and a PVR systemic vascular resistance ratio
(Rp/Rs) of 0.36. Vasoreactivity testing with 100% oxygen
showed decreases in the following measures: the mean
PAP was 88 mmHg, PVR was 3.8 Wood units, Qp/Qs
was 10.8, and Rp/Rs was 0.07 (Table 1).
We repaired the CoA by extended end-to-end anasto-

mosis and closed the VSD with a patch. Immediately
after surgery, the mean PAP was 33mmHg under nitric
oxide (NO) inhalation (20 ppm). We resumed maciten-
tan immediately and added selexipag. We also added
intravenous epoprostenol because withdrawal from NO
was difficult. Adding epoprostenol enabled us to with-
draw NO and subsequently administer tadalafil. After we
increased the dose of epoprostenol to 10 ng/kg/min, we
substituted epoprostenol with subcutaneous treprostinil.
The patient’s length of stay in the intensive care unit
was 43 days. An indwelling catheter-related thrombus
formed at 14 days postoperatively, and cardiac tampon-
ade occurred 35 days postoperatively. The hospitalization
period was 86 days. RHC performed 2months postoper-
atively showed a mean PAP of 27 mmHg and a PVR of
5.5 Wood units (with the patient on macitentan 10mg/
day, tadalafil 40 mg/day, selexipag 3.6 mg/day, and tre-
prostinil 10 ng/kg/min) (Table 1). We reduced the doses
of selexipag and treprostinil gradually. Chest radiography

Fig. 1 Chest radiography. a Enlargement of the pulmonary artery before surgery. b 1 year after surgery
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Fig. 2 Transthoracic echocardiography. a Perimembranous-type VSD in the parasternal long-axis view before surgery. b Tricuspid regurgitation
before surgery with a peak pressure gradient of 125 mmHg. c 1 year after surgery. d Tricuspid regurgitation at 1 year after surgery with a peak
pressure gradient of 36 mmHg

Fig. 3 Contrast-enhanced computed tomography. a Before surgery. VSD and CoA (yellow arrow). b The three-dimensional reconstruction of
contrast-enhanced computed tomography images. CoA (yellow arrow) and PDA (green arrow). c After surgery. AO, aorta; LV, left ventricle; RV,
right ventricle; LA, left atrium; RA, right atrium; VSD, ventricular septal defect; PDA, patent ductus arteriosus
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performed at 1 year postoperatively showed slight enlarge-
ment of the pulmonary artery (Fig. 1b). Transthoracic
echocardiography performed at 1 year postoperatively re-
vealed an estimated right ventricular systolic pressure of
36mmHg (Fig. 2c and d, two of the additional movie files
show this finding in more detail [see Additional files
4.mp4 and 5.mp4). The left ventricular ejection fraction
was 60%, and the tricuspid annular plane systolic excur-
sion value was 18mm. RHC performed 1 year postopera-
tively showed a mean PAP of 22mmHg and a PVR of 4.7
Wood units (with the patient on macitentan 10mg/day,
tadalafil 40mg/day, and treprostinil 5 ng/kg/min) (Table
1). Her case of dyspnoea upon exertion was resolved. Her
6min walk distance was 450m with a minimal SpO2 value
of 96% in the upper and lower limbs under 2 L oxygen.
She regained the ability to live independently, while she
required the support of her parents before surgery.

Discussion and conclusions
CHDs are diagnosed at birth or in early childhood, and
whether surgery is indicated is usually discussed. Most
cases of CHDs with severe PAH diagnosed 20–30 years
ago were deemed inoperable because effective drugs for
PAH were not available. However, over the past two de-
cades, PAH-specific drugs have been developed. Epo-
prostenol was first clinically applied for the treatment of
idiopathic PAH in 1995. Subsequently, endothelin recep-
tor antagonists, phosphodiesterase-5 inhibitors, and sol-
uble guanylate cyclase stimulators have been used
clinically [1]. These drugs improve exercise capacity,
haemodynamics, and survival in patients with PAH [2]
and may change the treatment strategy for adult CHD–
PAH patients considered inoperable at childhood.
Cases of PAH associated with CHD are divided into

four clinical groups: (i) Eisenmenger syndrome; (ii) PAH
associated with a prevalent systolic/pulmonary shunt;
(iii) PAH with small/coincidental defects; and (iv) PAH
after defect correction [3]. The optimal treatment

strategy for PAH associated with a prevalent systolic/
pulmonary shunt is controversial. Some guidelines are
based on criteria of defect closures that depend on the
PVR, Qp/Qs, and Rp/Rs values and the patient’s reactivity
to oxygen [3–5]. However, these criteria may no longer be
applicable in current practice because they were deter-
mined on the basis of evidence acquired before PAH-
specific drugs were developed. Recently, a ‘treat-and-re-
pair’ strategy has been proposed for CHD patients who
initially have a systolic/pulmonary shunt but high PVR
[6–8]. With this strategy, patients are initially treated with
PAH-specific drugs and then repair is performed by the
closure of the CHD. In the present case, a high Qp/Qs at
baseline and a dramatic reduction in PVR with 100% oxy-
gen were observed, indicating that the level of pulmonary
artery reactivity was maintained. Thus, the perioperative
use of PAH-specific drugs can prevent pulmonary hyper-
tension crises. Hence, we decided to repair the VSD and
CoA. Although combination therapy with four PAH-
specific drugs (macitentan, tadalafil, selexipag, and epo-
prostenol) was required immediately after surgery, we
were able to decrease the number of medications adminis-
tered and doses of these medications.
We consider this study to have the following strengths.

First, the patient showed a good response to oxygen in
the vasoreactivity test. Second, PAH-specific drugs were
administered before surgery to prevent a pulmonary
hypertension crisis from occurring after surgery. Third,
the PAH-specific drugs were continued after surgery.
In conclusion, this case demonstrates that with the peri-

operative use of PAH-specific drugs, CHDs can be
repaired without the occurrence of a pulmonary hyperten-
sion crisis after surgery in patients with a good vasoreac-
tivity response to oxygen, even if the PVR is high. Medical
treatment and surgery can therefore treat PAH and im-
prove exercise capacity over time. The accumulation of
additional cases and investigations are warranted regard-
ing perioperative management and long-term efficacy.

Table 1 Hemodynamics of right heart catheterization before and after surgery

After surgery Before surgery

Baseline Oxygen Two months One year

HR (/min) 95 92 111 80

BP (mmHg) (s/d/m) 165/60/100 156/66/105 90/50/66 107/72/83

PAP (mmHg) (s/d/m) 160/70/105 140/57/88 44/14/27 40/8/22

PAWP (mmHg) 12 12 5 5

RAP (mmHg) 7 7 7 6

Qp (L/min) 6.4 20.1 4.0 3.6

PVR (WU) 14.5 3.8 5.5 4.7

Qp/Qs 2.8 10.8 1 1

PVR/SVR 0.36 0.07 0.37 0.22

HR heart rate, BP blood pressure, PAP pulmonary artery pressure, PAWP pulmonary artery wedge pressure, RAP right atrial pressure, Qp pulmonary blood flow, PVR
pulmonary vascular resistance, Qs systemic blood flow, SVR systemic vascular resistance, s/d/m systolic/diastolic/mean
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Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s40949-020-00033-z.

Additional file 1: Video 1. Transthoracic echocardiography in the
parasternal long-axis view before surgery.

Additional file 2: Video 2. Transthoracic echocardiography in the
parasternal long-axis view with color Doppler before surgery.

Additional file 3: Video 3. Transthoracic echocardiography in the
parasternal short-axis view before surgery.

Additional file 4: Video 4. Transthoracic echocardiography in the
parasternal long-axis view after surgery.

Additional file 5: Video 5. Transthoracic echocardiography in the
parasternal short-axis view after surgery.
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