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Pathophysiology of pediatric heart failure with preserved ejection fraction
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This study has clarified the detail hemodynamics in pediatric HFpEF. Those
include ventricular systolic, diastolic, and arterial stiffness at rest. Furthermore, those
gh?racteristics are associated with diastolic and catecholamic reserves, and coronary supply-demand

alance.

Fontan circulation has higher diastolic and arterial stiffness, which are similar to pediatric HFpEF.
However, there is marked differences in the ventricular filling pressure: high filling pressure in HFpEF
and low filling pressure in good Fontan. We also clarified the good correlations between peripheral
venous pressure and central venous pressure, and between arm equilibrium pressure and mean circulatory
filling pressure in Fontan patients.

stiffness relaxation elastance reserve Fontan



HFpEF

SHF
HFpEF
SHF
HFpEF
HFpEF
overbalance
SHF
Masutani et al.
Circulation.2009;120:S727 HFpEF
HFpEF
SHF
HFpEF (2)
(2)
()
HFpEF
HFpEF
HFpEF 18
HFpEF
€D 50
@
E<A 10mmmHg
8mmHg

+28D

X
11
5 >50%
1.3
Fontan
(tau)
chamber stiffness
Fick
AQ
Ees
Ea
5y 10 Ees, Ea,
Ees/Ea  preload

recruitable stroke work index (MSW) dp/dt
max, tau

subendocardial viability ratio

SEVR
HFpEF
HFpEF Ea Ees
Ees/Ea
HFpEF tau,
chamber stiffness
HFpEF
chamber
stiffness
HFpEF

Ees, Ees/Ea, MSW, dp/dt max



SEVR  HFpEF
SEVR chamber stiffness,
MSW, dp/dt max

Fontan

HFpEF

Fontan
Fontan
HFpEF
HFpEF
HFpEF
HFpEF

stiffness

Stiffness

HFpEF
28

1) Saiki H, Sugimoto M, Kuwata S,

Kurishima C, lwamoto Y, Ishido H, Masutani

H: Report from the Japanese Society of
Pediatric Cardiology and Cardiac Surgery
Research Committee on Cardio-Vascular
Function in Adult Patients with Congenital
Heart Disease: Mechanism of Aortic Root
Dilation and Cardio-Vascular Function in
Patients with Tetralogy of Fallot. Pediatr
Int. 2016. 10.1111/ped.12932

3) Sugimoto M, Saiki H, Tamai A, Seki
M, Inuzuka R, Masutani S, Senzaki H:
Ventricular fibrogenesis activity
assessed by serum levels of procollagen
type 111 N-terminal amino peptide during
the staged Fontan procedure. J Thorac
Cardiovasc Surg. 2016.
10.1016/j . jtcvs.2016.01.020

4) Saiki H, Kuwata S, Kurishima C,
Masutani S, Senzaki H: Vulnerability of
Coronary Circulation After Norwood
Operation. Ann Thorac Surg.101:1544-1551,
2016.

10.1016/j .athoracsur.2015.10.077

5) Nakagawa R, Kuwata S, KurishimaC,
Saiki H, lwamoto Y, Sugimoto M, Ishido H,
Masutani S, Senzaki H: Arterial stiffness
in patients after Kawasaki disease without
coronary artery involvement: Assessment
by performing brachial ankle pulse wave
velocity and cardio-ankle vascular index.
J Cardiol .66:130-134, 2015.

10.1016/j .jjcc-2014.10.003

6) Sakazaki S, Masutani S, Sugimoto
M, Tamura M, Kuwata S, Kurishima C, Saiki
H, lwamoto Y, Ishido H, Senzaki H: Oxygen
supply to the fetal cerebral circulation
in hypoplastic left heart syndrome: a
simulation study based on the theoretical
models of fetal circulation. Pediatr
Cardiol .36:677-684, 2015.
10.1007/s00246-014-1064-6

7) Saiki H, Kuwata S, Kurishima C,
Iwamoto Y, Ishido H, Masutani S, Senzaki
H: Prevalence, implication, and
determinants of worsening renal function
after surgery for congenital heart disease.
Heart Vessels.[Epub ahead of print] Epub
Date, 2015/2008/2013; DOI,
2010.1007/s00380-00015-00730-00389. ,
2015.  10.1007/s00380-015-0730-9

8) Kurishima C, Inuzuka R, Kuwata S,
Iwamoto Y, Sugimoto M, Saiki H, Ishido H,
Masutani S, Senzaki H: Influence of Left

S, Senzaki H: Novel mechanisms for
cerebral blood flow regulation in patients
with congenital heart disease. Am Heart
J.172:152-159, 2016.

10.1016/j .ahj-2015.11.009

2) Seki M, Kuwata S, Kurishima C,
Nakagawa R, Inuzuka R, Sugimoto M, Saiki
H, Iwamoto Y, Ishido H, Masutani S, Senzaki

Ventricular Stiffness on Hemodynamics in
Patients With Untreated Atrial Septal
Defects. Circ J.1823-1827, 2015.
10.1253/circj -CJ-14-1351

9 Kurishima C, Saiki H, Masutani S,
Senzaki H: Tailored therapy for aggressive
dilatation of systemic veins and arteries
may result in improved long-term Fontan



circulation. J Thorac Cardiovasc
Surg.150:1367-1370, 2015.
10.1016/j . jtcvs.2015.08.002

10) Ishido H, Masutani S, Hishitani T,
Taketadu M, Senzaki H: Re: "Post-LA space
index" as a potential novel marker for the
prenatal diagnosis of isolated total
anomalous pulmonary venous connection.
Ultrasound Obstet Gynecol .46:747-748,

2015.  10.1002/uog.15756
11) , :
.4:36-45,
2015.
12) Kurishima C, Masutani S, Kuwata S,

Iwamoto Y, Saiki H, Ishido H, Tamura M,
Senzaki H: Cystatin C and body surface area
are major determinants of the ratio of
N-terminal pro-brain natriuretic peptide
to brain natriuretic peptide levels in
children. J Cardiol. 2014.

10.1016/j .jjcc-2014.11.002

13) Kojima T, Kuwata S, Kurishima C,
Iwamoto Y, Saiki H, Ishido H, Masutani S,
Senzaki H: Aortic root dilatation and
aortic stiffness in patients with single
ventricular circulation. Circ
J.78:2507-2511, 2014.

14) Saiki H, Kuwata S, Kurishima C,
Iwamoto Y, Ishido H, Masutani S, Senzaki
H: Aldosterone-cortisol imbalance
immediately after fontan operation with
implications for abnormal fluid
homeostasis. Am J Cardiol .114:1578-1583,
2014. 10.1016/j.amjcard.2014.08.030
15) Nakagawa R, Kuwata S, KurishimaC,
Saiki H, lwamoto Y, Sugimoto M, Ishido H,
Masutani S, Senzaki H: Arterial stiffness
in patients after Kawasaki disease without
coronary artery involvement: Assessment
by performing brachial ankle pulse wave
velocity and cardio-ankle vascular index.
J Cardiol. 2014.

10.1016/j .jjcc-2014.10.003

16) Saiki H, Kurishima C, Masutani S,
Senzaki H: Cerebral Circulation in
Patients With Fontan Circulation:
Assessment by Carotid Arterial Wave
Intensity and Stiffness. Ann Thorac
Surg.97:1394-1399, 2014.

10.1016/j .athoracsur.2013.10.079

17) Toyoshima K, Masutani S, Senzaki
H, Kawataki M, Itani Y: Left Atrial Volume
Is Superior to the Ratio of the Left Atrium
to Aorta Diameter for Assessment of the
Severity of Patent Ductus Arteriosus in
Extremely Low Birth Weight Infants. Circ
J.78:1701-1709, 2014.

18) . , . ,

( 1 ) Fallot

.30:601-611, 2014.
19) Masutani S, Saiki H, Kurishima C,
Kuwata S, Tamura M, Senzaki H: Assessment
of ventricular relaxation and stiffness
using early diastolic mitral annular and
inflow velocities in pediatric patients
with heart disease. Heart
Vessels.29:825-833, 2013.
10.1007/s00380-013-0422-2
20) Inuzuka R, Seki M, Sugimoto M,
Saiki H, Masutani S, Senzaki H: Pulmonary
Arterial Wall Stiffness and Its Impact on
Right Ventricular Afterload in Patients
With Repaired Tetralogy of Fallot. Ann
Thorac Surg.96:1435-1441, 2013.
10.1016/]j .athoracsur.2013.05.085
21) Yana A, Masutani S, Kojima T,
Saiki H, Taketazu M, Tamura M, Senzaki H:
Usefulness of cystatin C in the
postoperative management of pediatric
patients with congenital heart disease.
Circ J.77:667-672, 2013.
22) Masutani S, Cheng H J, Morimoto A,
Hasegawa H, Han Q H, Little W C, Cheng C
P: beta3-Adrenergic Receptor Antagonist
Improves Exercise Performance in
Pacing-Induced Heart Failure. Am J Physiol
Heart Circ Physiol.305:H923-930, 2013.
10.1152/ajpheart.00371.2012
23) Masutani S, Senzaki H: Preserved
stroke volume late after tetralogy repair,
despite severe right ventricular
dilatation. Heart.99:1875, 2013.
10.1136/heartjnl-2012-303449
24) Saiki H, Kurishima C, Masutani S,
Tamura M, Senzaki H: Impaired Cerebral
Perfusion After Bilateral Pulmonary
Arterial Banding in Patients With
Hypoplastic Left Heart Syndrome. Ann
Thorac Surg.96:1382-1388, 2013.
10.1016/j .athoracsur.2013.05.108
25) Saiki H, Nakagawa R, Ishido H,
Masutani S, Senzaki H: Landiolol
hydrochloride infusion for treatment of
junctional ectopic tachycardia in
post-operative paediatric patients with
congenital heart defect.
Europace.15:1298-1303, 2013.
10.1093/europace/eut044
26) Seki M, Kurishima C, Saiki H,
Masutani S, Arakawa H, Tamura M, Senzaki
H: Progressive aortic dilation and aortic
stiffness in children with repaired
tetralogy of Fallot. Heart
Vessels.29:83-87, 2013.
10.1007/s00380-013-0326-1



27) Masutani S, Saiki H, Kurishima C,
Ishido H, Tamura M, Senzaki H: Heart
Failure With Preserved Ejection Fraction
in Children. Circ J.77:2375-2382

2013.

28) Chiba H, Masutani S, Toyoshima K,
Mori R: Indomethacin for preterm infants
with intracranial hemorrhage. Pediatr
Int.55:124-126, 2013.

10.1111/ped. 12037

41

1) Satoshi Masutani, Seiko Kuwata, Clara
Kurishima, Yoichi lwamoto, Hirotaka
Ishido, Masanori Tamura, Hideaki Senzaki .
Right ventricular mechanics in
biventricular circulation - effects of RV
afterload on RV-PA coupling, RV diastolic
stiffness, and RA pressure. the 11th CKJ
Pediatric Heart Forum. 2015/10 Tianjin,
China

2) Satoshi Masutani, Seiko Kuwata, Clara
Kurishima, Yoichi Iwamoto, Hirofumi Saiki,
Hirotaka Ishido, Masanori Tamura, Hideaki
Senzaki. Rest and Reserve Functions in
Fontan Patients With Right Ventricular
Morphology are Worse Than Those With Left
Ventricular Morphology. American Heart

Association Scientific Session 2015,

2015/11, Orland, FL, US.

3) Satoshi Masutani, Hideaki Senzaki.

Heart failure with preserved ejection

fraction (HFpEF) in children.

PAS/ASPR/JPS  joint symposium. 2015/4,

Osaka, Japan

4)7’ ’ ’ ’
.31:s1-368, 2015.  2015/7

5)7’ ’ ’ ’

.31:s1-367, 2015. 2015/7

6) Satoshi Masutani; JeongHye Kim; Seiko
Kuwata; Clara Kurishima; Hirofumi Saiki;
Masanori Tamura; Hideaki Senzaki .
Ventricular-Arterial Coupling
Biphasically Correlates to Ventricular
Diastolic Chamber Stiffness in
Children-Association With Aldosterone
Activation. American Heart Association

Scientific Session 2014, 2014/11, Orland,
IL, US.

3
1) Masutani S, Senzaki H. Assessment of
Ventricular Function Using the
Pressure-Volume Relationship. In: Senzaki
H, Yasukochi S, eds. Congenital Heart
Disease: Morphological and Functional
Assessment. Tokyo: Springer Japan;
2015:97-126
2) Masutani S, Senzaki H. Pressure-Volume
Relationships. In: Senzaki H, ed.
Hemodynamics. Monitoring, Theory and
Applications. New York: NOVA BIOMEDICAL;
2013:9-24
10.1007/978-4-431-54355-8_5.

3)
.43-51, 2013
o) 0
o) 0
@
MASUTANI , Satoshi
10316739
@
©))



