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Hypoplastic left heart syndrome has been considered to be one of the most challenging congenital heart diseases
with a high mortality. Early postoperative mortality after the first stage intervention has dramatically improved
due to advances in perioperative management and surgical technique. Nonetheless, mid- and long-term mor-
tality and morbidity are still suboptimal, and improvement of quality of life including neurodevelopmental
outcome remains to be accomplished. This syndrome has both intrinsic and acquired cardiovascular functional
abnormalities, constructing a complex pathophysiology that needs to be understood. In this review, we summa-
rize and discuss cardiovascular pathophysiological characteristics inherent to this unique syndrome.
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Fig. 1 A: Representative blood flow waveform in mid-cerebral artery before and after bilateral pulmonary

arterial banding. Representative mid-cerebral arterial blood flow pattern before and after opera-

tion were shown. As compared to preoperative blood flow, systolic blood flow was markedly sup-

pressed and diastolic blood flow was blunted. B: Blood flow pattern in aortic isthmus before and

after bilateral pulmonary banding. Representative blood flow pattern of aortic isthmus before and

after bilateral pulmonary banding is shown. As compared to preoperative blood flow pattern, sys-

tolic velocity and time duration was suppressed, and diastolic reverse flow was rather increased,

suggesting decreased net cerebral blood flow in this case

RS KBRS MR DR B 1E, FEROME
ICEH B K5I, I X BHTEARIE T L%
fif LA E > TOLE 1 AR OFZIH D DU
MEEAEEER MR O PN BD O, X SICHRIIICIE T
TTRERAD S IEIIRAND S | Z IAF MR A I % &
IZ & o THTREIRD S KEIRIBEERN 17 S ({77717
DEESNOET & & EICHRRD autoregulation 705 D
BHIAHEK & UTHERE N DD, T OIRREDFHZR X
A=A LGHEICHEHZHET 5. T OHIFIZERFOA
T T2 53 % Norwood Tfitk o rh i #ffE 1%
A, N D72 B & Za m (s Rt & 220
C &7z imBRNCEIAT % 5 2 CIFHICHETH 5.

— 75, W UG B AR A HE IR % o 3 AT KB AR P AZ I K
% AT RER-AENRS M iR RIS 205 Ee L
TERES NI FMBR-HE BRRE reverse shunt (3,
BiPAB O HIRR IR MR T « MK RO T AU
kZHiEd B AREMEAN D 2, banding DIFLPIME
PSR DEHNC & » THLRI] steal AMEMIY % Al REME
EEMUTHLRLENSHZME LNEV . Baba 5
VORIEBI DT HBIRGET TR UTZ X D1, #iat 7

ARNRBERSBSFRIME £33F F45

ICIFHEETHROE DODMHEARN A GHE DS =\ M E
Ml O, AHARIRERIINMAR - ZERR D ATREME 2 iRtk
TEHTENHMHEEEZBNS Y,

L DOMEITBEREL, iEER simulation % H W 7z Bil-
PAB T B1F B IEBRRFPEARI OO T & e 3540,
IN5HFWVTNE Bil-PAB IC B 2 (K-ifEE N >
ADMERE, X - EIEERMEFF O RPN & 7%
HSMC L2 DTH D, MEERHETFM IR S
NEY)EH OWREMED B 2 & DD, KEZHEFIC
ANTCLGE U TR R DR 22 T REME 2 R8T
To. EEIR T &I, TN HOME TIEXEFIREIC stent
HEZPFH L7z (Hybrid F1f) #E&1C ductal arch H
HHNC A2 U % impedance mismatch ICDWTE&REN
TWRW. ROY 7 ¥ 3 TR T OFIRE stent D)
RSOV Ttk d 5.

Bil-PAB |2 &1+ 2 EARE stent DINTE

WIRE ZHEFF T 28Ik e L CTEIIREAT > M E
PGEI FfeaE Ml E N5 5. #IRE AT > M3 T
L ZBHIWCINEZ AT > s OSFEZ W TH LAY



273

Table 1 Hemodynamics and mode for maintaining ductus arteriosus in Hypoplastic Left Heart Syndrome

PGE1 (n=6) Stent (n=6) p value
Heart rate (bpm) 139+7.0 132+7.8 0.21
Qp/Qs 1.3+0.6 1.7+x05 0.25
Cardiac index (L/min/m?) 3.7+0.66 2.7+0.28 0.028
Systolic pressure (mmHg) 64+8.3 80+8.4 0.018
Mean pressure (mmHg) 45.8+7.5 56.6+5.9 0.045
Pulse pressure (mmHg) 24.3+3.2 32.5+8.3 0.11
PG isthmus (mmHg) 6.7+2.1 6.0+10.4 0.92
PG ductus (mmHg) 0 0.8+1.8 0.30
Systemic resistance 11.1+x2.8 18.0+2.8 0.015
Systemic SV Index (mL/m?) 30.2+10.5 20.9+2.0 0.089
Total SV Index (mL/m?) 59.2+13.8 55.9+8.1 0.66
Systemic Ea (mmHg/mL) 2.3+0.8 3.9+0.6 0.010
Total Ea (mmHg/mL) 1.1+0.2 1.5+0.1 0.011
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Fig. 2 A: Mode of PDA (Patent Ductus Arteriosus)
maintenance and SEVR (subendocardial
viability ratio). As compared to patients
with PGE1 continuous infusion, myocardial
oxygen demand-supply balance as indi-
cated by SEVR was markedly impaired in
patients whose PDA was maintained by
ductal stent. B: Mode of PDA maintenance
and Oxygenation balance index. As com-
pared to patients with PGE1 continuous
infusion, oxygenation ratio of upper body to
the lower body was markedly suppressed
in patients implanted with stent. As cardiac
output in patients implanted with stent is
lowered, unfavorable oxygenation discrep-
ancy between upper body and lower body
is considered to be further enhanced
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Fig. 3 Subendocardial viability ratio (SEVR) in
patients with Norwood, pulmonary atresia
with atriopulmonary shunt and control

As compared to control, myocardial oxygen supply
demand balance as indicated by SEVR was unfa-
vorable both in patients after Norwood procedure
and patients with pulmonary atresia and aorto-pul-
monary shunt. After adjusting for heart rate, SEVR
in Norwood patients was further unfavorable than
that in AP shunt. As SEVR does not account for
contribution of coronary stenosis, myocardial per-
fusion might be further impaired in case subclinical
coronary stenosis exists.
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Fig. 4 The relation between subendocardial viability ratio and neurohormones

SEVR was closely and negatively correlated with the plasma levels of renin, angiotensin |l, aldosterone and natriuretic
peptides (ANP, BNP).
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Table 2 Fontan hemodynamics in patients treated with/without aggressive vasodilatation

Characteristic Tailored therapy (n=8) Controls (n=23) p value
Heart rate 93.5+19.2 112.1£19.0 0.07
Central venous pressure (mmHg) 8.9+1.6 14.1+3.1 <0.001
Mean arterial pressure (mmHg) 56.1+10.1 76.1+11.3 0.002
Trans-pulmonary gradient (mmHg) 5.1+0.7 5.3+0.7 0.77
Cardiac Index (L/min/m?) 3.8+x1.3 3.7+x1.2 0.75
Pulmonary/Systemic flow ratio 0.87+0.09 0.82+0.13 0.37
Pulmonary arterial resistance (R.U.M.2) 1.8+1.3 1.8+0.8 0.99
Systemic Vascular resistance (R.U.M.2) 11.7+25 17.4+5.6 0.01
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