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Table 1 The American College of Rheumatology/European League Against Rheumatism criteria for
the classification of systemic sclerosis (SSc)

Skin thickening of the fingers of both hands extending proximal to the metacarpophalangeal joints
(score 9)

Skin thickening of the fingers: Puffy fingers (score 2), Sclerodactyly of the fingers (score 4)

Fingertip lesions: digital tip ulcers (score 2), Fingertip pitting scars (score 3)

Telangiectasia (score 2)

Abnormal nailfold capillaries (score 2)

Pulmonary arterial hypertension (score 2) and/or interstitial lung disease (score 2)

Raynaud’'s phenomenon (score 3}

SSc-related autoantibodies (score 2): anticentromere, anti-topoisomerase I, or anti-RNA polymerases III)

The criteria are not applicable to patients with skin thickening sparing the fingers or to patients who
have a scleroderma-like disorder that better explains their manifestations. The total score is deter-
mined by adding the maximum weight (score) in each category. Patients with a total score of 9 are

classified as having definite SSc.
(modified the table of ref. 2)

Fig. 1. a) skin sclerosis in patients with limited cutaneous systemic scle-
rosis (1cSSc), b) skin sclerosis in patients with diffuse cutaneous SSc (dcSSc).

WIE L) REPLHETT S, EEBELOEEED ?E L2 B MK 3 % diffuse cutaneous SSc
EIE L L Ci&, modified Rodnan total skin thick- (dcSSc, Fig. 1b) @ 2 D23 &N 5. 1¢SSc Tid,
ness score (MRSS) 2MER &h, 51 Kl THRE REITDIo THBELITET L 2N L% W
FEWIEEETHSE Y. /B E LCid, BEEL #%, dcSSc TIXFAE 5 LI ORI B2 RE (LS
AR B X ) EAICBBEFE ¥ % limited cutaneous BEIZHEITL, ZFORITEBRICBERT 2ERED
SSc (1eSSc, Fig.1a) &, LR, KB, f#Ei b 5.
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Fig. 2. a) Raynaud’s phenomenon, b) fingertip pitting scars, ¢) digital tip

ulcers.

Fig. 3. a) heliotrope rash, b) Gottoron's papules/sign.
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Fig. 4. a) Facial erythema that resembles seborrheic dermatitis, b) flag-
ellate erythema.
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Fig. 5. a) mechanic hand, b) reverse Gottoron’s sign, c) skin ulcer.

Fig. 6. capillaroscopic findings (small pictures) and dermoscopic findings
(large pictures) corresponding to capillaroscopic findings. a) Normal pattern,
b) Scleroderma pattern (early pattern). few enlarged/giant capillaries, few
capillary hemorrhages, relatively well-preserved capillary distribution and
no evident loss of capillaries. ¢) scleroderma pattern (active pattern): fre-
quent giant capillaries (fine long arrows), frequent capillary hemorrhages
(heavy short arrows), moderate loss of capillaries with some avascular areas
(asterisks), mild disorganization of the capillary architecture and absence of
ramified capillaries. d) scleroderma pattern (late pattern): irregular capillary
enlargement, few or absent giant capillaries, absence of hemorrhages, se-
vere loss of capillaries with large avascular areas (asterisks), severe disorga-
nization of the normal capillary array and frequent ramified/bushy capillar-
ies (fine long arrows).
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Secure Combination Therapy With Low-Dose Bosentan and
Ambrisentan to Treat Portopulmonary Hypertension
Minimizing Each Adverse Effect

Hironori MurAokA,' MD, Teruhiko IMAMURA,> MD, Masaru HATANO,' MD, Hisataka Makt,' MD,
Atsushi Yao,' MD, Koichiro KiNucawa,” MD, and Issci Komuro,' MD

SUMMARY

Although endothelin receptor antagonists (ERAs) including bosentan and ambrisentan are essential tools for the
treatment of pulmonary arterial hypertension (PAH), each agent has a specific adverse effect with non-negligible fre-
quency, ie, liver dysfunction for bosentan and peripheral edema for ambrisentan. These adverse effects often hinder the
titration of the doses of ERAs up to the therapeutic levels. Portopulmonary hypertension, which is complicated with liver
cirrhosis and successive portal hypertension, is one of the PAHs refractory to general anti-PAH agents because of the un-
derlying progressed liver dysfunction and poor systemic condition. We here present a patient with portopulmonary hy-
pertension, which was treated safely by combination therapy that included low-dose bosentan and ambrisentan, minimiz-
ing the adverse effects of each ERA. Combination therapy including different types of ERAs at each optimal dose may
become a breakthrough to overcome portopulmonary hypertension in the future. (Int Heart J 2015; 56: 471-473)

Key words: Pulmonary artery hypertension, Endothelin receptor antagonist, Liver cirrhosis

is complicated with liver cirrhosis and successive

portal hypertension, is one form of pulmonary arteri-
al hypertension (PAH), its precise mechanism remains un-
known thus far."” It is speculated that excessive pulmonary
blood flow via portosystemic shunts exerts shear stress on the
PA owing to portal hypertension, which leads to proliferation
and hyperplasia of PA intima and media, and then raises pul-
monary vascular resistance (PVR).** While the therapeutic
strategy of PoPH conforms to that of idiopathic PAH (IPAH),
there is no established strategy to treat PoPH. Clinical manage-
ment of PoPH is difficult because of the underlying liver dys-
function and fluid retention.

Specific attention should be paid to patients with PoPH
when an endothelin receptor antagonist (ERA), one of the es-
sential tools to treat PAH,>” is administered, since its adverse
effects, such as liver dysfunction or peripheral edema,®” are
also problematic in patients with PoPH."”

We here present a patient with PoPH refractory to tadala-
fil and beraprost, which was managed safely by the addition of
2 types of ERAs, low dose bosentan and ambrisentan, thus
minimizing the adverse effects of each agent.

ﬁ Ithough portopulmonary hypertension (PoPH), which

CASE REPORT

A 57-year-old man, who had been followed at another

hospital for liver cirrhosis (Child-Pugh A) with a history of
ruptured esophageal varicoses 10 years previously was admit-
ted to our hospital on December 2011 complaining of dyspnea
on effort (WHO functional class IIT). Chest X-rays showed di-
lated bilateral PA, and an electrocardiogram (ECG) indicated
right heart overload (Figure 1A and B). Elevated right ven-
tricular systolic pressure (RVSP, 124 mmHg) was estimated
along with enlargement of the RV cavity by transthoracic
echocardiography (Figure 2A). His plasma level of B-type
natrinretic peptide (BNP) was 664 pg/mL.

We performed the first hemodynamic study at a month
after the admission,'®"” and found elevated mean PA pressure
(mPAP, 62 mmHg) and decreased cardiac index (CI, 1.76 L/
minute/m?). Other differential diagnoses including connective
tissue disease, adult congenital heart disease, respiratory dis-
ease, or chronic thromboembolic pulmonary hypertension
were excluded by systemic inspection with blood examination,
computed tomography, lung perfusion scintigraphy, and tran-
sthoracic echocardiography, and finally he was diagnosed as
PoPH."”

Next, 125 mg of bosentan was administered as the first
ERA rather than ambrisentan, considering severe bilateral leg
edema and relatively reserved hepatic function. Both 180 ug of
beraprost as a prostanoid and 40 mg of tadalafil as a phos-
phodiesterase type S (PDE-5) inhibitor were initiated as a
3-drug combination therapy (Figure 3).

The second hemodynamic study showed persistent eleva-
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tion of mPAP (62 versus 57 mmHg) after 2-month treatment.
We could not increase the dose of bosentan up to the standard
dose because of potential worsening of liver dysfunction as a
side effect of bosentan.

After ambrisentan was added as the second ERA at a half
dose of 2.5 mg, hemodynamic study showed a significant de-
crease in mPAP down to 42 mmHg while maintaining the CI
level. Peak oxygen consumption increased from 10.9 to 17.8
mL/kg/minute accompanied by improved WHO functional
class (from III to TI). No side effect such as liver dysfunction or
worsening of leg edema was observed during the treatment pe-
riod.

He was then followed as an ambulatory patient and he
had no complaints. After 17 months, a follow-up hemodynam-
ic study showed a significant decrease in PVR, although mPAP
increased relatively accompanied by elevated CI probably due
to increased preload. Transthoracic echocardiography demon-

B.

A.

Figure 1. Chest X-ray (A) and clectrocardiogram (B) obtained on admis-
sion.

MURAOKA, ET AL

Int Heart J
July 2015

strated amelioration of both RV dilatation and a left-side shift
of the ventricular septum (Figure 2B).

DiscussioN

Although PoPH is one form of secondary PAH, there is
no established strategy to manage it, probably because of un-
derlying liver dysfunction and fluid retention. The prognosis of
PoPH is very poor, and there are few reports describing the
treatment of PoPH."

A.

Diastole

B.

Diastoie %

Figure 2. Transthoracic echocardiography on admission (A) and at 3
months after the initiation of treatment (B). Dilatation of the RV and left-
side intraventricular septum were improved by the treatment.

PVR 1317 % MMM Sim
1248
mPAP 51
‘%\N\M’ﬁ%wmmmﬁuwu’m [———— -
wPAP 42
\\\?w?s?f‘ PVR 529
Peak V02
178
Peak VO2
15.9
hY
o e __W_N»_NM_MM’,.«:«"‘”w\”’"““*m»ﬂ'“’“‘w\”“MMN.MM .. AST 24
5 . -
VANt N 8NP 65

Dac1l

s

e BNP16 R

I3a-d2 Febel2 Mes3Z Awe32 Magedl Gunil Bdd? Al Sepa2 0ot 12 Nowd? Peci?  Geesd FebeIE Mard2  Ape33 May-id

Figure 3. Time course of the treatment.
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We intended from the beginning to initiate “3-drug com-
bination therapy™ consisting of (I) ERA, (II) a prostanoid, and
(III) a PDE-5 inhibitor, considering the refractoriness of PoPH
to any anti-PH treatments and the recently cumulating evi-
dence supporting sequential combination therapy.*"”

However. we could not increase the dose of bosentan up
to the standard range because of the emergence of liver dys-
function. Bosentan is accompanied by liver dysfunction with
increased transaminase enzymes in 5-10% of patients, while
fluid retention rarely occurs.”™'” On the other hand, the com-
mercially available other ERA ambrisentan frequently facili-
tates fluid retention while maintaining liver function,™® and
we could not administer the standard dose of ambrisentan in-
stead of bosentan after taking into consideration his peripheral
edema. Although little has been reported,” combination thera-
py including the 2-ERAs bosentan and ambrisentan was suc-
cessfully performed by decreasing the dose of each agent
within a safe range and preventing the adverse effects of the 2
drugs. Low-dose 2-ERA combination therapy may be safe, es-
pecially in patients with PAH and who are suffering from liver
dysfunction or fluid retention.

Endothelin binds two opposite-effect receptors, ie, ET.R
and ETyR. Although the precise mechanism remains unknown,
ET,R stimulation seems to cause vasoconstriction, whereas
ETR stimulation seems to lead to vasodilation. Both receptors
interact together intricately, and how this “cross-talk™ contrib-
utes to the development of PAH remains unknown.””

Bosentan antagonizes both ET,R and ETR, whereas am-
brisentan antagonizes only ET,R selectively”” Although there
is no experimental or clinical evidence, combination therapy
with the above 2 different-type antagonists may have had a
synergistic vasodilation effect in the present patient.

The PAP level was probably not normalized because of
the underlying untreatable portal hypertension. The establish-
ment of combination therapy consisting of optimal doses of
bosentan and ambrisentan, or including macitentan, the next
generation ERA,™ would be a future concern.
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Abstract Pulmonary arterial hypertension (PAH) is a
progressive and life-threatening disease characterized by
elevated pulmonary vascular resistance, which results in
right-heart failure. We present a case of interferon (IFN)-o-
induced PAH developed after living donor liver transplanta-
tion. Although IFN is categorized as a “possible” risk factor
for PAH in the current international classification, it is still
under recognized. Moreover, the prognosis of IFN-induced
PAH is poor in the limited number of published cases. In
our case, we achieved good outcome by the withdrawal of
IFN and administration of combination therapy using tada-
lafil, beraprost, and treprostinil. Since IFN is an important
treatment option in current medical therapy, its contribution
to the pathogenesis of PAH should be taken into considera-
tion. In conclusion, our case suggests the importance of
PAH screening in patients treated with IFN.

Keywords Interferon - Pulmonary arterial hypertension -
Treprostinil

Introduction

Pulmonary arterial hypertension (PAH) is a severe and
progressive disorder, characterized by elevated pulmonary
artery pressure (PAP), and pulmonary vascular resistance
(PVR) [1, 2. It may be idiopathic, but also associated with
many underlying conditions and diseases [3, 4]. Interferon
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(IFN) has received more attention recently as a risk fac-
tor for the development of PAH [3]. Since IFN-induced
PAH is potentially lethal, it requires careful diagnosis and
treatment. In this case report, we showed a case of IFN-a-
induced PAH which was difficult to diagnose but eventu-
ally achieved good outcome by the withdrawal of IFN and
administration of combination therapy. Prior approval and
informed consent was obtained both from the institutional
research ethics committee and the patient, and this study
was performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments.

Case report

A 51-year-old male with a history of living donor liver
transplantation (LDLT) for liver cirrhosis secondary to
HCV infection was admitted to our hospital because of pro-
gressive severe hypoxemic respiratory failure. He received
LDLT 2.5 years before and had been receiving IFN-a
treatment after the transplantation. Prior to LDLT, he was
thought to have portal hypertension since he had complica-
tions with esophageal varices, but he did not have symp-
toms of pulmonary hypertension at the time. (In echocar-
diogram prior to LDLT, the estimated right ventricular
systolic pressure (RVSP) was 12 mmHg). He has had dysp-
nea since 15 months after LDLT. Suspecting IFN-induced
interstitial pneumonia (IP), surgeons did a series of exami-
nations. However, there were no signs of IP, and IFN ther-
apy was continued. At the time of admission, he had WHO
functional class III symptoms, and blood examination
revealed markedly elevated plasma level of B-type natriu-
retic peptide (1264 pg/ml). Echocardiogram demonstrated
severe right ventricular enlargement and elevated estimated
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Table 1 Patient’s data about hemodynamic parameters and exercise capacities

1st RHC 2nd RHC 3rd RHC 4th RHC 5th RHC
Time after 1st RHC 1 months 2 months 3 months 6 months
Medication IFN-a (100 pg/week)  Stop IFN-a Tadalafil 40 mg  Tadalafil 40 mg  Tadalafil 40 mg
Tadalafil 40 mg Beraprost 120 ug  Beraprost 120 pg  Beraprost 120 pg
DOB 2 pg/kg/min Treprostinil 50 ng/kg/min
HR {(bpm) 69 79 61 74 57
BP (systolic/diastolic/mean: 113/82 97/58 112/62 116/78 101/57
mmHg)
RAP (mmHg) 6 12 7 4 2
PAP (systolic/diastolic/mean: ~ 81/23/52 99/35/55 78/18/46 80/28/47 69/25/39
mmHg)
PCWP (mmHg) 10 9 6 6 4
CI (L/min/m?) 2.01 3.03 224 2.37 2.46
PVR (WU) 124 8.1 10.5 10.6 83
SvO, (%) 58 65 60 69 79
6MWT (m) 280 302 413 395
BNP (pg/ml) 1264 1001 1027 340 336

RHC right-heart catheterization, IFN interferon, PAH pulmonary arterial hypertension, DOB dobutamine, HR heart rate, BP blood pressure, RAP
right atrial pressure, PAP pulmonary arterial pressure, PCWP pulmonary capillary wedge pressure, CI cardiac index, PVR pulmonary vascular
resistance, SvO, mixed venous oxygen saturation, 6MWT 6-min walk test, BNP brain natriuretic peptide

RVSP of 72 mmHg. He was referred to our department for
further investigation and treatment. We conducted various
examinations to rule out possible causes of PAH such as
chronic thromboembolic pulmonary hypertension, IP, pul-
monary tumor thrombotic microangiopathy, and pulmo-
nary venous occlusive disease. Right-heart catheterization
showed markedly elevated mean PAP and PVR as well
as depressed cardiac index. Hepatic wedge pressure was
within normal limit, which excluded the possibility of por-
topulmonary hypertension. From those examinations, he
was diagnosed with IFN-a-induced PAH. Table i shows the
change of hemodynamic parameters and exercise capaci-
ties. His clinical status partially improved by withdrawal of
IFN-a and treatment with tadalafil and beraprost during the
first 4 months (Table 1, 4th RHC), and then significantly
improved 3 months after the addition of subcutaneous
treprostinil (Table i, 5th RHC). Since he has been taking
tacrolimus for his treatment, coadministration of bosentan
was contraindicated. Ambrisentan was unable to be contin-
ued because it caused severe fluid retention.

Discussion

IFN is a virally induced protein produced by activated
macrophages and lymphocytes, resulting in potent immu-
nomodulation. It has been widely used in the treatment of
viral hepatitis but also in other hematological, nephrologic
and dermatological malignancies [6, 7]. The role of IFN is
increasingly considered as a risk factor for PAH supported

@ Springer

by several clinical reports and experimental studies [5,
g—11]. The result of the sub-analysis of a French registry
also suggests that IFN exposure may trigger PAH [5]. How-
ever, most patients diagnosed with IFN-induced PAH in the
French registry and past case reports had other risk factors
for PAH, such as portal hypertension by chronic hepatitis.
In our case, the patient was thought to complicate portal
hypertension before LDLT, which might have a latent dam-
age on pulmonary vasculature. Therefore, IFN-o. may act
as a trigger to develop PAH. It was very regrettable that it
took more than 1 year to diagnose him with PAH since the
onset of dyspnea because adequate workup was not fully
performed. Since IFN is widely used in many diseases
associated with a higher risk to develop PAH, the occur-
rence of unexplained dyspnea and signs of right ventricular
failure should be carefully screened during the period of
IFN treatment.

The treatment of IFN-induced PAH is still challenging
because of the absence of evidence. In most of patients,
IFN withdrawal and treatment with PAH-specific agents
such as endothelin receptor antagonists (ERA) and phos-
phodiesterase 5 inhibitors is not sufficient to improve PAH.
In French registry, repeated hemodynamic assessment was
available in 13 patients exposed to IFN after the diagno-
sis of PAH. Among the 13 patients, 11 patients showed
the increase in PVR, as well as worsening functional and
exercise capacity. Among the 11 patients, 4 patients needed
additional PAH-specific therapy following clinical and
hemodynamic worsening while on IFN, 5 patients showed
clinical and hemodynamic improvements only by IFN
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withdrawal, whereas 2 patients showed no improvement
by IFN withdrawal [5]. Our case is very rare in its good
therapeutic course and significant hemodynamic improve-
ment. Since clinical benefit by treprostinil was shown to be
highly dose dependent, [12, 13] the higher dose of trepro-
stinil (50 ng/kg/min) administered to our patient compared
with previous studies [ 4] might be partially accountable
for the good outcome. Treprostinil can be a better option
for patients with IFN-induced PAH because epoprostenol
(another strong prostanoid agent often used in the treatment
of PAH) infusion has a high risk of infection for them.
However, there is still no evidence to support the routine
use of treprostinil in IFN-induced PAH. Although we could
not use ERA because of side effects in our patient, ERA
has shown preferable evidence in Japanese [15]. ERA will
also be a good choice because IFN is thought to stimulate
pulmonary vasculature to release endothelin-1 and medi-
ates PAH [10, 11]. In the previous report, George PM et al.
also showed that the knockout mouse of IFN receptor 1
(IFNAR1) was protected from the effects of hypoxia on the
right heart, vascular remodeling, as well as raised serum
endothelin 1 levels. This result supports the idea that type I
IFN mediates PAH via an action of IFNAR1 [11]. Although
macitentan is not available in Japan now, it will be a poten-
tial candidate medication in our patient.

In conclusion, our case suggests the importance of PAH
screening in patients treated with IFN. Clinical survey of
IFN-induced PAH is still insufficient, and further prospec-
tive study is needed to determine the link between IFN
exposure and PAH.
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Targeted Therapy Is Required for Management of Pulmonary
Arterial Hypertension After Defect Closure in Adult
Patients With Atrial Septal Defect and Associated
Pulmonary Arterial Hypertension
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SuMMARY

Background: Therapeutic strategies for pulmonary arterial hypertension (PAH) associated with atrial septal defect
(ASD) remain a matter of debate.

Methods and Results: We identified 5 outpatients who had been diagnosed with ASD-PAH and undergone ASD
closure in combination with targeted therapy with certified PAH drugs. We assessed changes in hemodynamic parame-
ters and exercise capacity. The combination of ASD closure and targeted therapy significantly increased systemic blood
flow (Qs) from the baseline (from 3.3 + 0.6 L/minute to 4.2 + 1.0 L/minute, P < 0.05) with a significant improvement in
the World Health Organization Functional Class (WHO-FC,; from 2.8 + 0.4 to 1.6 = 0.5, P < 0.05). The hemodynamic
data before and after ASD closure without targeted therapy showed further elevation of pulmonary vascular resistance
shortly after ASD closure (678 dyne-sfcm’ to 926 dyne-sfcm’) in 1 case, as well as after a long time since ASD closure
(491.0 + 53.7 dyne-sfem’ to 1045.0 = 217.8 dyne-s/cm’) in 2 cases. This worsening was reversed after the targeted thera-
py, accompanied by an increase in Qs and an improvement in WHO-FC in all cases. Conclusions: Targeted therapy
should be added to ASD closure in adult patients with ASD-PAH. (Int Heart J 2015; 56: 86-93)

Key words: Adult congenital heart disease, Therapeutic strategy

(ASD) has pulmonary arterial hypertension (PAH).

Persistent exposure of the pulmonary vasculature to
increased blood flow results in pulmonary obstructive arteriop-
athy, which leads to an increase in pulmonary vascular resist-
ance (PVR). If PVR approaches or exceeds systemic resist-
ance, the shunt is reversed and the patient may finally develop
Eisenmenger syndrome. It has been reported that 6.1% of adult
patients with septal defects have a complication of associated
pulmonary hypertension (defined by echocardiography), and
3.5% have Eisenmenger syndrome.” The long-term outcome
after surgical repair of ASD without PAH is generally excel-
lent; therefore, ASD closure is recommended to prevent the
development of PAH, reduce the risk of right heart failure and
subsequent arrhythmia, and avoid paradoxical emboli.* In
contrast, the therapeutic strategies for patients with open ASD
and associated PAH (ASD-PAH) remain a matter of debate.
The Guideline of the European Society of Cardiology suggests
that patients with a significant shunt (signs of right ventricular
volume overload) and PVR < 400 dyne-s/cm’ should undergo
ASD closure regardless of symptoms (Class I, Level B)."

ﬁ subset of adult patients with open atrial septal defect

However, the finding was based on only 1 report by Attie, er
al® and thus requires additional evidence. Recently, Beghetti,
et al suggested that a baseline PVR index of < 480 dyne-s-m®/
cm’ and a PVR: systemic vascular resistance (SVR) ratio of <
0.3 may be considered indicative of a favorable outcome fol-
lowing ASD closure.” These criteria are more restrictive than
those provided by the guidelines,"® but they also lack adequate
supporting evidence. In contrast, Engelfriet, et al reported that
the prognosis appeared to be worse in patients with closed
ASD-PAH than in those with open ASD-PAH.” In addition,
Manes, ef al recently showed that the prognosis of patients
with closed congenital heart disease (CHD)-associated PAH
was far worse compared with that of patients with open CHD-
associated PAH.¥ Taken together, there has been no definitive
strategy for patients with ASD~PAH.

In the last decade, there have been striking advances in
treatment options for PAH, including the development of new
drugs, such as prostanoids, endothelin receptor antagonists,
phosphodiesterase-5 inhibitors, and a soluble guanylate cyclase
stimulator.” Targeted therapy with these certified PAH drugs
has led to the improvement of hemodynamic parameters or ex-
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ercise capacity not only in patients with idiopathic PAH '

but also in those with CHD-associated PAH."”'® In addition,
several recent reports have shown that targeted therapy with
certified PAH drugs allows adult patients with uncorrected
ASD-PAH to undergo successful ASD closure.™” Thus, at
present, the therapeutic strategy for patients with ASD-PAH
needs to be revised.

The aim of this study was to determine if the targeted
therapy with certified PAH drugs can improve hemodynamics
and exercise capacity after defect closure in patients with
ASD-PAH. We are convinced of the importance of hemody-
namic correction and improvement of exercise capacity for
longer survival in PAH patients. We examined outpatients at
our hospital who had been preoperatively diagnosed with
ASD-PAH and who had undergone ASD closure. We assessed
hemodynamics and exercise capacity by consecutive catheter
studies and cardiopulmonary exercise tests, respectively. Our
results suggest that ASD closure alone is associated with a risk
of worsening hemodynamics, although the addition of targeted
therapy for PAH improves hemodynamics and exercise capaci-

ty.

METHODS

Patient selection: We conducted a retrospective review of out-
patients who had undergone ASD closure after being preopera-
tively diagnosed with ASD~PAH at our hospital in December
2013. The diagnosis for PAH was decided in accordance with
the global guidelines™ and satisfied the following criteria:
mean pulmonary arterial pressure (nPAP) 2 25 mmHg, PVR 2
240 dyne-s/cm’, and mean pulmonary capillary wedge pres-
sure (MPCWP) < 15 mmHg before surgery. We excluded pa-
tients who had other complex CHD or other possible causes of
pulmonary hypertension, and those whose ASD diameters
were < 15 mm. We identified 6 patients (2 males) with ASD-
PAH who had undergone defect closure in our hospital. We ex-
cluded 1 female patient because of the coexistence of throm-
boembolism in her pulmonary artery. Thus, 5 patients were
enrolled in this study. All patients underwent cardiac catheteri-
zation/hemodynamic examinations before and after ASD clo-
sure.

Hemodynamic measurements: Right heart catheterization was
used to obtain all hemodynamic measurements invasively and
accurately.”™® A Swan—Ganz catheter was introduced from the
femoral or jugular vein. Next, the hemodynamic parameters,
including mean right atrial pressure (IRAP), right ventricular
pressure, mPCWP, mPAP, and mean left atrial pressure (mLAP,
before ASD closure) were determined. Before ASD closure,
the systemic blood flow (Qs or cardiac output (CO), L/minute)

and pulmonary blood flow (Qp, L/minute) were calculated by |

the Fick method according to the following general equations:

Qs (CO) = estimated O, consumption (mL/minute)/arte-
riovenous O, difference (mL/L).

Qp = estimated O, consumption (mL/minute)/pulmonary
arteriovenous O, difference (mL/L).

PVR (dyne»s/cms) before ASD closure was calculated ac-
cording to the following equations:

PVR = 80 x (mPAP (mmHg) — mLAP (mmHg))/Qp (L/
minute)

PVR after ASD closure was calculated according to the

following equations:

PVR = 80 x (mPAP (mmHg) — mPCWP (mmHg))/Qp
(I/minute) :

SVR (dyne-s/cm’) was calculated according to the fol-
lowing equations:

SVR = 80 x (mean arterial pressure (mmHg) — mRAP
(mmHg))/Qs (L/minute) '

For these equations, estimated O, consumption was cal-
culated according to the following equation as described previ-
ously:?"

Estimated O, consumption = body surface area (m”) x
[(138.1 — C x In (age)) + 0.378 x heart rate (bpm)]

(C; 11.49 for male; 17.04 for female)

The mixed vein (MV) O, saturation (%) was calculated
according to the following equation as described previously:zz)

MV O, saturation = (3 x superior vena cava O, saturation
(%) + inferior vena cava O, saturation (%))/4

Then, the arteriovenous O, difference (/L) and pulmo-
nary arteriovenous O, difference (mL/L) were calculated ac-
cording to the following equations:

Arteriovenous O, difference = (arterial O, saturation (%)
— MV O, saturation (%)) x Hb (g/dL) x 1.36/10

Pulmonary arteriovenous O, difference = (pulmonary
vein O, saturation (%) — pulmonary arterial O, saturation (%))
x Hb (g/dL) x 1.36/10

After ASD closure (under the condition of no residual
shunt), CO was measured by one method for each patient, the
thermodilution or the Fick method. During cardiac catheteriza-
tion, acute vasodilator challenge was performed by using in-
haled nitric oxide (20 ppm) or oxygen (10 L/minute).
Cardiopulmonary exercise test: A cardiopulmonary exercise
test (CPX) was performed on the day before the hemodynamic
evaluation using an expired gas analyzer (AE-300S; Minato
Ikagaku, Osaka, Japan) as described previously. ™ An exer-
cise protocol was selected by the attending physician to allow
a patient’s individual performance to be assessed. In addition
to the continuous measurement of O, consumption (VO,), the
peripheral arterial O, saturation (Sp0O,) was monitored by a
pulse oximeter during CPX. The peak VO, was expressed as a
percent of the sex-, age-, body weight-, and body height-ad-
justed normal value for Japanese people.””

Therapeutic options: The most appropriate intervention was
selected for each individual defect. Decisions regarding the
medical therapy were made on an individual basis by the at-
tending physician who took into account all clinical data. We
defined certified PAH drugs according to the global guide-
lines,'® and excluded oral beraprost because it lacks proof of
chronic efficacy.

Statistical methods: Data were analyzed by a two-tailed
paired #-test or repeated measures analysis of variance, fol-
lowed by the Tukey post-hoc test; P values < 0.05 were con-
sidered significant. GraphPad Prism v5.01 (GraphPad Soft-
ware, Inc.) was used to analyze the data. All resuits are
presented as the mean =+ standard deviation.

ResuLTS

Patient characteristics: The baseline data of the 5 patients are
presented in Table 1. The average age at the time of ASD clo-
sure was 40.4 + 17.3 years (range, 28-70 years). The mean
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Table §. Baseline Characteristics
Case | Case 2 Case 3 Case 4 Case 5
Baseline clinical data
Age at operation, years 70 36 40 28 28
Sex F M F F M
Body surface area, m’ 1.57 1.85 149 1.31 1.38
Type of defect Secondum Secondum Sinus venosus Secondum Secondum
Defect size (mm) 25%15 30x31 20% 10 30x 15 30%x24
Medication for PAH None None Beraprost 60 g None None
Baseline hemodynamic data
NIBP (mean), mmHg 147/75 (104) 117/66 (83) 88/56 (68) 90/57 (72) 104770 (81)
mRAP, mmHg 5 3 2 8 5
PAP (mean), mmHg 64/19 (35) 68/27 (43) 87/28 (47) 71/33 (45) 84/20 (41)
mLAP, mmHg 7 5 S 6 5
Qp/Qs 6.0/2.3 (2.6) 7.8/3.9 (2.0) 5.0/35(1.4) 5.9/3.3(1.8) 6.4/3.7(1.7)
PVR, dyne-s/cm’ (PVRL dyne-s-m’/cm’) 375 (589) 390 (722) 678 (1010) 529 (693) 453 (625)
SVR, dyne-sfem’ (SVRY, dynessm/em’)  3412(5357) 1676 (3101) 1798 (2679) 1550 (2031) 1633 (2254)
PVR/SVR 0.11 023 0.38 0.34 0.27
Baseline physiological data
WHO-FC 3 3 3 3 2
Peak VO, (%enormal) 57 81 45 N/A N/A
Change of SpO, (%) -5 -3 -12 N/A N/A

PAH indicates pulmonary arterial hypertension; NIBP, non-invasive blood pressure; mRAP, mean right atrial pressure; PAP, pulmonary arterial pressure;
mLAP. mean left awial pressure; Qp. pulmonary blood flow; Qs. systemic blood flow; PVR, pulmonary vascular resistance; PVRE, PVR index; SVR, sys-
temic vascular resistance; SVRI, SVR index; WHO-FC, World Health Organization Functional Class; VO,, O, consumption; and SpO,, peripheral arterial

O, saturation.

Table II. Time Course of Catheterization and Medication After Operation

Case | Case 2 Case 3 Case 4 Case 5
Operation
Date (year) 2011 2012 2007 1993 1971
Procedure Surgical Percutaneous Surgical Surgical Surgical
Medication for PAH None Bosentan 125 mg  Beraprost 120 ug None None
The catheter study just before the use of certified PAH drugs” (after surgical closure)
Postoperative days - - 1 month 13 years 40 years
Medication for PAH - - Beraprost 120 ug None Beraprost 120 xg
The introduction of certified PAH drugs
Postoperative days 4 days before closure 22 months 15 years 40 years
The latest catheter study (after the titration of medical therapy)
Postoperative days 3 years 6 months 6 years 20 years 42 years
Beraprost 240 g Beraprost 120 ug
Medication for PAH Bosentan 125mg  Bosentan 125mg  Sildenafil 60 mg Eﬁfrﬂg éni Bosentan 250 mg
Ambrisentan 7.5 mg 8 Riociguat 6 mg

“Certified PAH drugs do not include beraprost. PAH indicates pulmonary arterial hypertension.

values of mPAP, PVR, and Qp/Qs were 42.2 + 4.6 mmHg,
485.0 + 123.8 dyne-s/cm’, and 1.9 + 0.4, respectively. Oxygen
inhalation test and the histological analysis with lung biopsy
were performed in case 3, showing a substantial decrease in
PVR from 678 to 454 dyne-s/cm’ and 2.1 as an index of pul-
monary vascular disease which had been defined by Yamaki, et
“al,® respectively, both of which indicated a possible vascular
reversibility after ASD closure. On the other hand, nitric oxide
inhalation (20 ppm, 10 minutes) was performed during hemo-
dynamic measurement in cases 1 and 2, showing a small de-
crease in mPAP (case 1; 35 mmHg to 30 mmHg, case 2; 43
mmHg to 37 mmHg) and PVR (case 1; 375 dyne-s/cm’ to 314
dyne-sfcm’, case 2; 390 dyne-s/om’ to 314 dyne-sfem’). In 3 of
the 5 cases (cases 1-3), CPX was performed before ASD clo-
sure and showed that the mean value of the percent peak VO,
apparently decreased (61.0 + 18.3%) and SpO, dropped at the
end of the exercise by 6.7 + 4.7% from the baseline.
Table 11 summarizes the information on medication.

Bosentan was prescribed just after ASD closure in case 1 and
before ASD closure in case 2. In case 3, the first hemodynamic
evaluation following ASD closure was performed 1 month af-
ter the surgery, and sildenafil and ambriscntan were scquential-
Iy added to beraprost at 22 months after ASD closure. In case
4, tadalafil and bosentan were sequentially prescribed after the
first hemodynamic evaluation, when 15 years had passed since
the surgery. In case 5, beraprost was prescribed at some points
between ASD closure and the first hemodynamic evaluation,
and bosentan and riociguat were sequentially added after the
first hemodynamic evaluation, when 40 years had passed since
ASD closure.

Changes in hemodynamics and exercise capacity: Figure |
shows the final results of the hemodynamic parameters after
the combination therapy of ASD closure and targeted therapy
with certified PAH drugs, which did not include beraprost.
Cardiac output after ASD closure was measured by the Fick
method in cases 1-3 and 5, and by the thermodilution method
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Figure 1. Hemodynamic parameters before and after the

combination of ASD closure and targeted therapy. The data on

mPAP (A), PVR (B), and Qs (C) in each patient before and after the combination therapy are presented. Qs significantly in-
creased after the combination therapy (P < 0.05), whereas mPAP and PVR did not show any significant change. mPAP indi-
cates mean pulmonary arterial pressure: PVR, pulmonary vascular resistance: Qs, systemic blood flow; Pre, baseline data
before treatment: and Post-Combination, data after the combination of ASD closure and targeted therapy with certificd PAH

drugs.

in case 4, because in case 4 there was no data of Fick analysis
in the first catheterization after ASD closure. Tricuspid regur-
gitation was moderate in case 4. mPAP decreased in cases 1-3
and increased in cases 4 and 5, resulting in insignificant de-
creases in the values of mPAP and PVR (from 42.2 + 4.6
mmHg to 34.2 + 12.6 mmHg and from 485.0 + 123.8 dyne-s/
cm’ to 419.6 + 198.5 dyne-s/cm’, respectively). On the other
hand, Qs (CO) increased in all patients, showing a statistically
significant increase in Qs (from 3.3 + 0.6 L/minute to 4.2 + 1.0
L/minute, P < 0.05).

Figure 2 shows the final change in exercise capacity after
the combination therapy. The World Health Organization
Functional Classification (WHO-FC) was significantly im-
proved (from 2.8 + 0.4 to 1.6 £ 0.5, P < 0.05). CPX performed
in cases 1-3 demonstrated that the peak VO, increased in all 3
patients (from 61.0 + 18.3% to 87.0 = 7.0% of the normal val-
ue, NS), accompanied by an improvement in desaturation at
the end of the exercise (from —6.7 £ 4.7% to ~2.0 £ 2.0%, NS),
which is well known to be one marker for the severity of
PAH. 18.26)

ASD closure alone increased PVR, which was reversed by addi-
tional targeted therapy: In cases 3-5, ASD closure was per-
formed, followed by the hemodynamic evaluation without use
of certified PAH drugs. The timing of hemodynamic evalua-
tion and starting certified PAH drugs were different among the
3 cases (Table II). As shown in Figure 3A, in case 3, PVR was
elevated at the time of the hemodynamic evaluation (1 month
after ASD closure) before the use of certified PAH drugs (678
dyne-s/em” to 926 dyne-s/cn’) relative to that before ASD clo-

sure (baseline). Certified PAH drugs were introduced 22
months after ASD closure, and the latest hemodynamic evalua-
tion revealed that the increase in PVR was reduced to a level
similar to that at the baseline (926 dyne-s/cm’ to 509 dyne-s/
cm’), suggesting that targeted therapy with certified PAH drugs
exerted a beneficial effect on remodeling of the pulmonary ar-
tery. Qs (CO) increased (3.1 L/minute to 4.6 L/minute) and
WHO-FC improved (from II to I0) after the titration of certi-
fied PAH drugs, further confirming the beneficial effect of tar-
geted therapy. )

Also in cases 4 and 5 (Figure 3B), in which certified PAH
drugs were started after a long time since ASD closure, PVR
was elevated before the use of certified PAH drugs relative to
the baseline (491.0 = 53.7 dyne-s/cm’ to 1045.0 = 217.8
dyne-s/cnr’). The latest hemodynamic evaluation revealed that
the increase in PVR was reduced to a level similar to that at the
baseline (1045.0 + 217.8 dyne-s/cm’ to 583.0 + 97.6 dyne-s/
cm’). Qs (CO) increased (3.5 + 0.8 L/minute to 4.6 + 0.6 L/
minute) and WHO-FC improved after the titration of certified
PAH drugs. These results suggested that certified PAH drugs
had a beneficial effect even after a long period since ASD clo-
sure.

DISCUSSION

There were several novel findings in this study. First, the
targeted therapy with certified PAH drugs demonstrated im-
provement in the Qs (CO) and exercise capacity after ASD
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Figure 2. Physiological parameters before and after the combination of ASD closure and targeted therapy. The data on
WHO-FC (A), %peak VO, (B), and decrease in SpO, during CPX (C) in each patient before and after the combination ther-
apy are presented. WHO-FC improved in 4 patients (P < 0.05). The %peak VO, and desaturation during exercise improved
in all patients. WHO-FC indicarcs World Health Organization Functional Classification; VO,, O, consumption; SpO,, arteri-
al O, saturation of hemoglobin measured by pulse oximeter; CPX, cardiopulmonary exercise test; Pre, baseline data before
the combination therapy; and Post-Combination, data after the combination of ASD closure and targeted therapy with certi-

fied PAH drugs.

closure, assessed by right heart catheterization and CPX, re-
spectively (Figures 1 and 2). Second, ASD closure alone re-
sulted in an increase in PVR in the 3 patients with ASD-PAH.
In addition, targeted therapy with certified PAH drugs effec-
tively reversed their once-worsened PVR and increased CO,
even after a long period since ASD closure (Figure 3B). Taken
together, we advocate the importance of using certified PAH
drugs for adult patients with ASD-PAH who plan to undergo
or have already undergone ASD closure.

Hemodynamic alteration after ASD closure in patients with
ASD-PAH: To date, hemodynamic changes after ASD clo-
sure in patients with ASD-PAH have remained unclear. As
Manes, et al mentioned, hemodynamic data have often been
lacking or were not obtained, even before and particularly after
defect closure in patients with CHD-associated PAH,” indicat-
ing that the decision for ASD closure had not been made prop-
erly, particularly in the era when certified PAH drugs were not
available and when the medical treatment was inadequate
through the following period. In this study, we demonstrated
that hemodynamic changes were induced by ASD closure with
or without certified PAH drugs in patients with ASD-PAH.
Without use of certified PAH drugs, ASD closure alone expos-
es patients to the risk of PAH worsening, as indicated by an in-
crease in PVR (Figure 3). In contrast, the concomitant use of
certified PAH drugs before or just after ASD closure appeared
to prevent an increase or even caused a decrease in PVR after
ASD closure (cases 1 and 2), which is consistent with the find-

ings of a recent report.'” In addition, the combination of ASD
closure and targeted therapy with certified PAH drugs im-
proved exercise capacity and ameliorated the decrease in SpQO,
at the end of CPX in all 3 cases (cases 1-3, Figure 2). In con-
trast, before the targeted therapy was administered, CPXs per-
formed 4 times did not show any improvement in peak VO, af-
ter ASD closure in case 3 (data not shown). This observation
also suggests the necessity of using certified PAH drugs for pa-
tients with ASD-PAH who have undergone or plan to undergo
ASD closure.

Because we did not perform hemodynamic measurement
after ASD closurce before the titration of certified PAH drugs in
cases 1 and 2, we cannot clarify whether ASD closure alone in
the 2 cases worsened hemodynamics or not. However, we can
declare the importance of applying the targeted therapy, be-
cause all 3 cases who had undergone ASD closure alone with-
out certified PAH drugs had worsened hemodynamics (cases
3-5, Figure 3). In case 4, Qs (CO) before ASD closure was
measured by the Fick method but after ASD closure we select-
ed CO measured by the thermodilution method, because there
was no data of Fick analysis in the first catheterization after
ASD closure. We cannot rule out the possibility that the in-
crease in CO after ASD closure (before the use of certified
PAH drugs) in case 4 might be due to the methodological in-
consistency, because under a certain amount of tricuspid regur-
gitation the thermodilution method usually overestimates the
CO.
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Figure 3. Consecutive hemodynamic and physiological data before surgery, after surgery without medication, and after tivration of certified PAH drugs.
The changes in mPAP. PVR. Qs, and WHO-FC in case 3 (A) and cases 4-5 (B) are demonstrated. In both panels, PVR increased after ASD closure alone.
Then PVR decreased and Qs increased after titration of the medical therapy, and WHO-FC also improved after the medical therapy. Note that the timing of
first hemodynamic evaluation after ASD closure was different between the pancls. In case 3 (A), it was performed 1 month after the surgery, and certified
PAH drugs were started 22 months after the surgery. In cases 4 and 5 (B), it was performed 13 years and 40 years after the surgery. mPAP indicates mean
pulmonary arterial pressure; PVR, pulmonary vascular resistance: s, systemic blood flow: WHO-FC, World Health Organization Functional Classification;
Pre, baseline data before trearment; Post-Closure, data after ASD closure (before administration of certified PAH drugs); and Post-Combination, data after

titration of certified PAH drugs.

‘When and how certified PAH drugs should be used for patients
with ASD-PAH?: Because several certified PAH drugs have
become commercially available in Japan since 1999, cases 1
and 2 were given these drugs in the perioperative period. Theo-
retically, shunt closure alone decreases Qp, which substantially
leads to a decrease in mPAP (= Qp x PVR — mLAP or
mPCWP). However, PVR may suddenly increase because of
surgical stress as implied by the observation at 1 month after
ASD closure in case 3 (Table II and Figure 3A); consequently,
the hemodynamic status of patients may worsen relative to
their preoperative status. Therefore, we believe that it is impor-
tant to start the PAH drugs in the perioperative period. Farther-
more, before the targeted therapy was administered 22 months
after ASD closure in case 3, consecutive echocardiography did
not show any apparent change in estimated right ventricular
systolic pressure (data not shown), suggesting the perioperative
stress may not have transiently caused the elevation of PVR,
but may have induced progression of PAH vasculopathy. In ad-
dition, an apparent increase in PVR was found long after the
surgery (cases 4 and 5, Figure 3B). The reason for the elevated
PVR after surgical closure must be different between case 3
and cases 4-5, because the timing of postoperative assessment
was highly different. In cases 4 and 5, the sustained increase in

PVR may have been caused by an auto-progression due to re-
sidual PAH after ASD closure and/or from the surgical stress.
Delayed introduction of targeted therapy with certified PAH
drugs improved the hemodynamics and symptoms. It is impor-
tant to notice that PVR reversed to a similar value before ASD
closure, which would suggest that the progression of vascular
remodeling after ASD closure was mostly reversible. However,
“we could not deny the possibility that PVR would have been
reduced further if adequate medical treatment had been given
from the preoperative period as seen in case 2. Therefore, we
emphasize that the medication should be started as early as
possible if ASD closure is to be performed in patients with
ASD-PAH.

It has been reported that the prognosis of PAH after shunt
closure was worse than that of PAH with uncorrected shunt
flow in the era without general application of targeted thera-
py."® Thus, it is important to identify patients with ASD-PAH
who could benefit from ASD closure without a substantial risk,
even in this era with certified PAH drugs. We have not estab-
lished the criteria for identification of these patients yet, but
propose the use of certified PAH drugs for patients with ASD~
PAH who plan to undergo or have already undergone ASD
closure, even after a prolonged period.
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Study limitations: Because the case series in this study con-
sisted of outpatients at our hospital who had already undergone
ASD closure, we cannot offer any suggestion about a proper
method for choosing suitable candidates for ASD closure from
adult patients with ASD-PAH. In patients with ASD-PAH., it
is extremely important to revise the indication for ASD closure
in combination with medical therapy. In addition, percutaneous
ASD occlusion devices have become available that are expect-
ed to repair defects less invasively.'>”?® Therefore, the indica-
tion for defect closure may be different between percutaneous
and surgical procedures. Thus, randomized controlled studies
and/or world-scale surveys on national registries, such as the
REVEAL Registry,” are required.

As mentioned above, there is as yet no consensus on
when targeted therapy should be administered (pre- or post-
operation). Further investigations are required o answer this
question.

This investigation was a single-center retrospective (ob-
servational) study, and the sample size was quite small. How-
ever, we believe that the findings are sufficiently reliable to
support the conclusion that targeted therapy should be admin-
istered for patients with ASD-PAH who plan to undergo or
have undergone ASD closure percutaneously or surgically. To
confirm our findings, randomized controlled studies and/or
world-scale surveys on national registries are required.

To address all the questions associated with comparison
of the prognoses of patients undergoing ASD closure and those
without ASD closure will require a considerable amount of
time because the long-term survival rates of patients in both
groups are expected to be quite good.” It is expected that the
number of adult patients with ASD-PAH will decrease, partic-
ularly in developed countries, because of early diagnosis in
childhood. Therefore, we believe that we should survey past
experiences with a large number of patients as soon as possible
to help existing patients with ASD-PAH. Considering this, our
data may be useful for decision making in other hospitals.
Conclusion: The findings in this study clearly demonstrated
improvements in hemodynamics and exercise capacity by the
targeted therapy with certified PAH drugs after defect closure
in adult patients with ASD-PAH. Our results suggest the im-
portance of using certified PAH drugs for patients with ASD—
PAH before or after undergoing ASD closure.
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