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Case report: Beneficial long-term
effect of the atrial-flow-regulator
device in a pediatric patient with
idiopathic pulmonary arterial
hypertension and recurring
syncope

Joseph Pattathu™, Sebastian Michel', Anja Ingrid Tengler,
Guido Mandilaras, Andre Jakob, Robert Dalla Pozza and
Nikolaus A. Haas

Division of Pediatric Cardiology and Intensive care, University Hospital, Ludwigs-Maximilians University
Munich, Munich, Germany

We report the long-term effect after successfully implanting an 8 mm Atrial-flow-
regulator (AFR) device in a 7-year-old girl with idiopathic pulmonary hypertension
with persistent syncope under triple therapy with significant improvement after
implantation and absence of any further syncope. Early Implantation of the AFR
device (Occlutech, Germany) can be efficient and safe interventional therapy
option for pulmonary arterial hypertension with a history of syncope.
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1. Introduction

Pulmonary arterial hypertension (PAH) with childhood-onset is a serious and scarce
disease with a desolating prognosis (1). The range of the aetiologies in pediatric PH is
very different to those in adults, with a higher prevalence of idiopathic arterial
hypertension (IPAH), and pulmonary arterial hypertension in the context of congenital
heart disease (PAH-CHD), as well as in the context of developmental lung disease. The
multitude of aetiology, phenotype, and prognosis requires a tailored approach in children
(2). Patients of any age group initially show non-specific symptoms such as fatigue,
failure to thrive, dyspnoea, and even syncope (3). Syncope, the most serve sign in PAH,
reflects a significant reduction of transpulmonary blood flow during acute pulmonary
hypertension crisis, which occurs late compared to grown-ups (1). The 5-year survival
under the latest treatment options rate is around 75% (2). In case of further disease
progression targeted pharmacological treatment options such as calcium-channel blockers,
endothelin-receptor antagonists (ERA), phosphodiesterase-5 inhibitors (PDE-5 Inhibitors)
and prostacyclin analogues are required in these patients (1, 2). Especially in this stadium
of the disease, these patients experience low-cardiac output, probably confirmed by the
occurrence of syncope (3, 4). Once syncope occurs, improvement of clinical symptoms
can be provided by performing a balloon-atrial-septostomy (BAS), as the evidence shows
in adults. However, after BAS the long-term outcome is unfortunate, significantly if the
right atrial pressures are elevated due to the uncontrolled size of the BAS. Subsequent
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acute and severe desaturation can occur (5). A concise shunt size
might reduce this risk. The AFR
(Figure 1) could demonstrate promising data in terms of the

(Occlutech, Germany)

long-term outcome of adult patients in this defined condition (6).

1.1. Ethical statement

The authors are responsible for all parts of the work to securing
that aspect of accuracy, or integrity is thoroughly investigated and
resolved. The patient’s integrity was ensured with the Helsinki
Declaration (as revised in 2013). Written informed consent was
obtained from the patient to publish this case report and
accompanying images. A copy of the written consent is available
for review by the editorial office of this journal.

1.2. Patient information and clinical findings

In our case, the implantation of an eight-millimetre AFR device
(Occlutech, Germany) was performed in a 7-year-old girl with
idiopathic PAH. The girl was referred after having a confirmed
Mycoplasma pneumonia infection only with fever, missing other
symptoms like coughing or dyspnoea. However, after recovering
from the infection, she presented to the pediatric cardiologist at
the local hospital with decreased exercise capacity and shortness
of breath. A significant dilatation of the right atrium, the right
ventricle, and the pulmonary artery could be detected by
echocardiography. The estimated right ventricular pressure was
around 50 mmHg, and the pro-BNP was 8,683 pg/ml without
congenital heart disease. The ECG showed sinus tachycardia with
120 bpm and a p-pulmonale.

2. Diagnostic assessment

An extensive evaluation of pulmonary hypertension was

initiated. Nevertheless, except for positive Mycoplasma
pneumonia result, the CT scan, coagulation disorder screening,
allergy diagnostic, autoimmune-diagnostic, lung function test,
ultrasound of the abdomen, polysomnography, EEG and Genetic
testing showed no secondary cause for the PAH. The first cardiac
catheterisation (Table 1) showed no severe PAH (PAPm

25 mmHg, PCW 6 mmHg, PVR 3.8 WU, CI 4.8 L/min/m?).
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Clinical symptoms improved, and the 6-minute walking test and
the NT-pro-BNP reached a normal range (i.e., 684 m).

Due to the positive mycoplasma serology, the further
pneumology  evaluation showed suspicious  bronchiolitis
obliterans in the CT scan, and the bronchoscopy showed
moderate stenosis of the middle lung lobe. Further, the RV
systolic pressure increased to approximately 70 mmHg, and
targeted therapy with PDE-5 Inhibitors was initiated. A further
rise of the RV systolic pressure to 90 mmHg occurred, and
therapy was escalated with endothelin-receptor antagonists and
inhaled Prostacyclin. Despite this regime, a further deterioration
could be observed, and the girl developed recurring syncope
under physical exercise (running to the schoolbus). She was
unable to ride a bicycle or even to attend school. She woke up
regularly at night hyperventilating, and her 6-minute walking test
was less than 100 m then. The echocardiography showed supra-

systemic pressure in the right ventricle (111 mmHg).

3. Therapeutic intervention

The initiation of intravenous Prostacyclin was discussed, but
due to the recurring syncope, the balloon-atrial-septostomy +
AFR implantation was performed.

Due to the severity of the condition and the novel device, which
was not CE approved then, we obtained informed consent, and the
Ethical committee approved the off-label use of an 8 mm AFR
device. We performed the cardiac catheterisation under sedation.
During induction, the child developed a PH crisis, which could
be treated with Catecholamines and intravenous Prostacyclin.
However, the second episode of a PH crisis occurred during

TABLE 1 Cardiac catheterisation data.

Date Condition  mPAP PCW PVR cl
(mmHg)  (mmHg) | (Wood | (L/min/m?)
units)

30/06/2014 | baseline 24 6 3.8 48

09/01/2015 | baseline 25 15 22 448

02/05/2016 | Bef. AFR 44 3 6.65 6.22
Aft. AFR 28

16/04/2019 | baseline 28 6 3.94 5.83
Oxygen 31 8 3.53 8.22

mPAP, mean pulmonary arterial pressure; PCW, wedge pressure; PVR, pulmonary
vascular resistance; Cl, cardiac index, in yellow data at the time of implantation.
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device implantation. This time required a short period of
resuscitation. Under the application of Adrenalin iv. and
Prostacyclin directly into the pulmonary artery, a stabilisation of
the condition could be established. We perforated the intra-atrial
septum with a Brockenorough transseptal puncture needle under
the guidance of transesophageal echocardiography (TEE), the
puncture hole was dilated, and a 12 Fr sheath was inserted over
the interatrial communication into the left atrium so that 8 mm
AFR device could be deployed (Figure 2). After confirming the
correct position and checking the oxygen saturation level of
greater than 85% and stable hemodynamic parameters, the device
was completely and successfully released. The postinterventional
echocardiography confirmed a right-to-left colour flow through
the 8 mm atrial communication (Figure 3). After the
intervention, anticoagulation with ASS was established.

4. Follow-up and outcomes

After the AFR device (Occlutech, Germany) implantation, she
recovered within 1 day and never developed syncope again. In the
following two years, a normalisation of the saturation over 95%
could be observed, her NT-pro BNP levels went back to normal
values, and her exercise capacity increased. The saturation drops
to around 75% under exercise conditions. The cardiac
catheterisation 3 years after AFR device implantation showed
significant improvement (Table 1). 6 years after device
implantation, her baseline saturation remained normal (98%,
NHYA functional class II), the right ventricular volume and size
decreased (Figure 4), NT-pro-BNP values were satisfying
(Table 2) and the 6-minute walking distance was around 540 m.

5. Discussion

Idiopathic PAH in children follows a more aggressive course
than adults, so children with PAH suffer more from syncope
(7, 8). In pediatric patients with PAH, the aetiology for syncope
is more related to the acute impairment of cardiac output. As the
pulmonary vascular resistance is acute and severely increasing,
the result is a reduction of the transpulmonary blood flow with
significant dilation of the RV and, as a consequence, underfilling
of the LV, resulting in a low stroke volume and low blood
pressure due to a decrease in cardiac output (7). At the time of
referral, the child presented a diverse risk profile according to the
pediatric risk  stratification tables (9). Under specific
pharmacological triple therapy with inhaled Prostacyclin, the girl
maintained at NHYA functional class III with persisting syncope.
Due to the multitude of challenges, such as providing sufficient
support in the hometown, the significant side effects of
Prostacyclin iv., risk of catheter infection, in this case,
intravenous Prostacyclins weren’t added (1). According to the
pediatric treatment algorithm, a permanent atrial septum
fenestration was considered since no further conservative therapy
options seemed to be sensible and the a significant impairment
in the quality of life was present (2).
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AFR device

FIGURE 2

Implanted AFR device (Occlutech, Germany) before disconnecting. AFR
device (Occlutech, Germany) right before deployment, RA, right atrium;
LA, left atrium.

FIGURE 3

AFR device (Occlutech, Germany) in echocardiography. AFR device
(Occlutech, Germany) with L-R shunt at rest; RA, right atrium; LA, left
atrium; LV, left ventricle; RV, right ventricle.
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FIGURE 4

Echocardiography before and 6 years after implantation. (A) Before implantation: RV with septal flattening before AFR implantation. The RV/LV diameter
ratio is 1: 0.87. (B) 6 years after AFR implantation. RV with decrease of the RV volume and improved LV filling. The RV/LV ratio is 0.87/1

In adults with end-stage PAH, Atrial septostomy might be an
option as a bridge-to-transplant or destination therapy if targeted
therapy is not well tolerated or the option for transplantation is
restricted. Recently, it was elucidated that permanent atrial
AFR  device
significantly reduced the symptoms of syncope (10, 11). During a

septostomy with the (Occlutech, Germany)
pulmonary hypertension crisis with syncope, the specific and
well-dosed interatrial communication will provide systemic
cardiac output and left ventricular filling through the right-to-left
shunt at the cost of moderate desaturation. Indubitable, the
shunt volume will determine the systemic oxygen saturation.
Accordingly, allocating the suitable size of the device for
implantation is essential (11). The oxygen saturation before the
procedure should not be below 85%, and RA pressure should not
be above 20 mmHg to enable safe device implantation. Previous
data showed significant impairment in these patients’ outcomes,
especially with uncontrolled BAS (9, 11).

For the creation of interatrial communication, different
techniques are practised. So far, the ESC guidelines for adult
PAH patients recommend a graded balloon atrial septostomy

TABLE 2 NT-pro BNP values before and after AFR implantation.

NT - pro BNP in pg/ml

AFR - implantation
&>
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Elevated NT — pro BNP levels at the time of implantation, Red line: time of
AFR - Implantation, normalization of NT — pro BNP levels after implantation,
and maintaining levels within a normal range over a long-term period.
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technique (1). By applying this technique, the sequential
dilatation of the created communication between the left and the
right atrium reduces the risk of overshunting. This technique
supports beneficial hemodynamic outcomes in
selected PAH patients (12).

A major issue is spontaneous closure in nearly 25% of the
defect (12).
Consequently, techniques have been provided, such as tailored
ASD  devices,

experimental stent implantations in different variations, and

thoroughly

patients who have received an atrial septal

fenestrations in  commercially  available
different techniques of delivery (12). The risk of these techniques
are the uncertain size of the fenestrations, spontaneous closure,
embolisation of the implanted stent, and serious cyanosis caused
by overshunting (11, 13, 14).

A fenestration diameter of 8 or 10 mm for the AFR device
(Occlutech, Sweden) is since 2019 authorised in adults with
chronic left heart failure and drug-resistant, severe PAH. The
right-to-left ~ blood
decompressing of the right ventricle. It improves the cardiac

controlled  interatrial flow allows
output in the absence of relevant systemic desaturation implied
the device is allocated assiduously for the patient (14). The
fenestrated device with the double-disc is
available with 4, 6, 8, As the

implantation of the AFR device (Occlutech, Germany) is

self-expandable
and 10 mm fenestrations.

effortless without major complications confirmed by Clinical
trials, the AFR device (Occlutech, Germany) is a secure option
(15, 16).

Interventional closure of Atrial septal defects with double disc
devices is a routine and secure procedure in children unaffected by
pulmonary hypertension. The AFR device (Occlutech, Germany)
implantation is comparable to that (14, 17). In adults, a positive
long-term outcome could be demonstrated, showing a significant
improvement in the cardiac index, a very low rate of device
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occlusions, and resolving the symptom of syncope without relapse
(15, 16). More data is required through clinical trials with higher
patient numbers and longer follow-up periods, but the results so
far are ensuring.

However, limited experience is present in the pediatric cohort
with just a small number of case reports and series describing
pediatric patients with heterogenous etiologies of PAH (14, 18). In
this case, an AFR device (Occlutech, Germany) with an 8 mm
fenestration could be successfully implanted in a 6-year-old child.
The oxygen saturation was within a satisfying range and the
absence of significant clinical symptoms for over 5 years is a
tremendous outcome for this patient’s devastating situation initially.

6. Conclusion

The AFR device (Occlutech, Germany) is a secure and effective
interventional measure in adults with drug-resistant severe
pulmonary hypertension, especially in those showing recurrent
syncope. The AFR device is superior to the balloon-atrial
septostomy in terms of safety and long-term outcome. This case
shows again that even in smaller children, the implantation of an
AFR device (Occlutech, Germany) is a very promising treatment
option, which is also feasible in children. The 8 mm device also
seems possible in terms of growth and adolescence, so in our case,
platelet aggregation inhibitors were sufficient to maintain the shunt
connection long-term. Nearly six years after implantation, exercise
capacity is excellent, NT-pro BNP levels and oxygen saturation are
within the normal range, and the shunt connection remains open.
However, it seems crucial to consider early implantation at the
occurrence of the first syncope or when deterioration of the PAH
necessitates the escalation of pharmacological therapy to triple
therapy. The early implantation will enable patients to accommodate
the potential desaturation over time. Further investigations and
clinical trials are required for the more widespread use of this
therapeutic optimisation in PAH management.

References

1. 2022 ESC/ERS guidelines for the diagnosis and treatment of pulmonary hypertension:
developed by the task force for the diagnosis and treatment of pulmonary hypertension of
the European society of cardiology (ESC) and the European respiratory society (ERS).
endorsed by the international society for heart and lung transplantation (ISHLT) and
the European reference network on rare respiratory diseases (ERN-LUNG). Eur Heart
J. (2022) 43(38):3618-731. doi: 10.1093/eurheartj/ehac237

2. Rosenzweig EB, Abman SH, Adatia I, Beghetti M, Bonnet D, Haworth S, et al. Paediatric
pulmonary arterial hypertension: updates on definition, classification, diagnostics and
management. Eur Respir J. (2019) 53:1801916. doi: 10.1183/13993003.01916-2018

3. Ivy DD, Abman SH, Barst R], Berger RMF, Bonnet D, Fleming TR, et al. Pediatric
pulmonary hypertension. ] Am Coll Cardiol. (2013) 62(25 Suppl):D117-26. doi: 10.
1016/}.jacc.2013.10.028

4. Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, et al.
Pediatric pulmonary hyper-tension: guidelines from the American heart
association and American thoracic society. Circulation. (2015) 132(21):2037-99.
doi: 10.1161/CIR.0000000000000329

5. Sandoval J, Gomez-Arroyo J, Gaspar J, Pulido-Zamudio T. Interventional and
surgical therapeutic strategies for pulmonary arterial hypertension: beyond palliative
treatments. J Cardiol. (2015) 66:304-14. doi: 10.1016/j.jjcc.2015.02.001

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1197985

7. Patients perspective

The implantation of the AFR device (Occlutech, Germany) was
an absolute game changer. This enabled me to return to life and
participate in school and limited exercise. To conclude, it
facilitated reintegration with my peers.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual(s),
and minor(s)’ legal guardian/next of kin, for the publication of any
potentially identifiable images or data included in this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Sivakumar K, Rohitraj GR, Rajendran M, Thivianathan N. Study of the effect of
Occlutech atrial flow regulator on symptoms, hemodynamics, and echocardiographic
parameters in advanced pulmonary arterial hypertension. Pulm Circ. (2021) 11
(1):2045894021989966. doi: 10.1177/2045894021989966

7. Takatsuki S, Yanai S, Ikehara S, Nakayama T, Matsuura H. Clinical effects of syncope on
disease severity and adverse outcomes in children with idiopathic and heritable pulmonary
arterial hypertension. Pediatr Cardiol. (2019) 40(1):209-14. doi: 10.1007/500246-018-1996-3

8. Berger RM, Beghetti M, Humpl T, Raskob GE, Ivy DD, Jing ZC, et al. Clinical
features of paediatric pulmonaryhypertension: a registry study. Lancet. (2012) 379
(9815):537-46. doi: 10.1016/S0140-6736(11)61621-8

9. Hansmann G, Koestenberger M, Alastalo TP, Apitz C, Austin ED, Bonnet D, et al.
2019 Updated consensus statement on the diagnosis and treatment of pediatric
pulmonary hypertension: the European pediatric pulmonary vascular disease
network (EPPVDN), endorsed by AEPC, ESPR and ISHLT. ] Heart Lung
Transplant. (2019) 38(9):879-901. doi: 10.1016/j.healun.2019.06.022

10. Bauer A, Khalil M, Schmidt D, Bauer J, Esmaeili A, Apitz C, et al. Creation of a
restrictive atrial communication in pulmonary arterial hypertension (PAH): effective
palliation of syncope and end-stage heart failure. Pulm Circ. (2018) 8(2):1-9.
doi: 10.1177/2045894018776518

frontiersin.org


https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1183/13993003.01916-2018
https://doi.org/10.1016/j.jacc.2013.10.028
https://doi.org/10.1016/j.jacc.2013.10.028
https://doi.org/10.1161/CIR.0000000000000329
https://doi.org/10.1016/j.jjcc.2015.02.001
https://doi.org/10.1177/2045894021989966
https://doi.org/10.1007/s00246-018-1996-3
https://doi.org/10.1016/S0140-6736(11)61621-8
https://doi.org/10.1016/j.healun.2019.06.022
https://doi.org/10.1177/2045894018776518
https://doi.org/10.3389/fcvm.2023.1197985
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pattathu et al.

11. Khan MS, Memon MM, Amin E, Yamani N, Khan SU, Figueredo VM, et al. Use
of balloon atrial septostomy in patients with advanced pulmonary arterial
hypertension: a systematic review and meta-analysis. Chest. (2019) 156(1):53-63.
doi: 10.1016/j.chest.2019.03.003

12. Sitbon O, Channick R, Chin KM, Frey A, Gaine S, Gali¢ N, Ghofrani HA, et al.
Selexipag for the treatment of pulmonary arterial hypertension. N Engl ] Med. (2015)
373(26):2522-33. doi: 10.1056/NEJMoal503184

13. Lammers AE, Derrick G, Haworth SG, Bonhoeffer P, Yates R. Efficacy and long-
term patency of fenestrated amplatzer devices in children. Catheter Cardiovasc Interv.
(2007) 70(4):578-84. doi: 10.1002/ccd.21216

14. Lehner A, Schulze-Neick I, Fischer M, Fernandez-Rodriguez S, Ulrich S, Haas
NA, et al. The creation of an interatrial right-to-left shunt in patients with severe,
irreversible pulmonary hypertension: rationale, devices, outcomes. Curr Cardiol Rep.
(2019) 21(5):31. doi: 10.1007/s11886-019-1118-8

Frontiers in Cardiovascular Medicine

06

10.3389/fcvm.2023.1197985

15. Rajeshkumar R, Pavithran S, Sivakumar K, Vettukattil J]. Atrial septostomy with a
predefined diameter using a novel Occlutech atrial flow regulator improves symptoms
and cardiac index in patients with severe pulmonary arterial hypertension. Catheter
Cardiovasc Interv. (2017) 90(7):1145-53. doi: 10.1002/ccd.27233

16. Vanhie E, VandeKerckhove K, Haas NA, De Wolf D. Atrial flow regulator for
drug-resistant pulmonary hypertension in a young child. Catheter Cardiovasc
Intery. (2021) 97:E830-4. doi: 10.1002/ccd.29590

17. Haas NA, Soetemann DB, Ates I, Baspinar O, Ditkivskyy I, Duke C, et al.
Closure of secundum atrial septal defects by using the Occlutech occluder devices
in more than 1300 patients: the IRFACODE project: a retrospective case series.
Catheter Cardiovasc Interv. (2016) 88(4):571-81. doi: 10.1002/ccd.26497

18. Lehner A, Schulze-Neick I, Haas NA. Creation of a deﬁned\and stable fontan
fenestration with the new Occlutech atrial flow regulator (AFR®). Cardiol Young.
(2018) 28(8):1062-6. doi: 10.1017/S1047951118000720

frontiersin.org


https://doi.org/10.1016/j.chest.2019.03.003
https://doi.org/10.1056/NEJMoa1503184
https://doi.org/10.1002/ccd.21216
https://doi.org/10.1007/s11886-019-1118-8
https://doi.org/10.1002/ccd.27233
https://doi.org/10.1002/ccd.29590
https://doi.org/10.1002/ccd.26497
https://doi.org/10.1017/S1047951118000720
https://doi.org/10.3389/fcvm.2023.1197985
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Case report: Beneficial long-term effect of the atrial-flow-regulator device in a pediatric patient with idiopathic pulmonary arterial hypertension and recurring syncope
	Introduction
	Ethical statement
	Patient information and clinical findings

	Diagnostic assessment
	Therapeutic intervention
	Follow-up and outcomes
	Discussion
	Conclusion
	Patients perspective
	Data availability statement
	Ethics statement
	Conflict of interest
	Publisher's note
	References


