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Cerebral blood flow changes of fetuses with functional

single-ventricle and main artery obstruction

TIAN Peng', HUANG Jijiang®, YU Lan®"
(1. Postgraduate College of Xinjiang Medical University, Urumqi 830054, China;
2. Department of Ultrasound, Peoplés Hospital of Xinjiang
Uygur Autonomous Region, Urumqgi 830001, China )

[Abstract] Objective To investigate cerebral blood flow changes of fetuses with functional single-ventricle (FSV). Meth-
ods Forty cases FSV fetuses (case group) and 65 cases normal fetuses (control group) diagnosed by ultrasonic cardiogram
were collected. Middle cerebral artery (MCA) and umbilical artery (UA) were detected by pulse Doppler ultrasound. MCA
pulsatility index (MCA-PD , UA pulsatility index (UA-PID), cerebral-to-placental resistance ratio (CPR) were calculated. Z
fraction of MCA-PI and UA-PI were converted and statistical analysis was carried out. Results Among 40 FSV fetuses.,
there were 23 fetuses combined with aorta obstruction (FSV and aorta obstruction subgroup), 17 fetuses with pulmonary
artery obstruction (FSV and pulmonary artery obstruction subgroup). There was no statistically significant difference in Z
fraction of MCA-PI and UA-PI, and CPR between case group and control group (all P=>0.05). Z fraction of MCA-PI in
FSV and aorta obstruction subgroup was smaller than those of FSV and pulmonary artery obstruction subgroup and control
group (P<C0.05). Z fraction of MCA-PI in FSV and pulmonary artery obstruction subgroup was bigger than that of control
group ( P<C0.05). There was no significant difference of Z fraction of UA-PI among 3 groups ( P>>0. 05). CPR in FSV and
aorta obstruction subgroup was smaller than that of control group and FSV and pulmonary artery obstruction subgroup (P
<C0.05), and there was no significant difference of CPR in FSV and pulmonary artery obstruction subgroup and control
group (P>>0.05). Conclusion Cerebral blood flow changes are different in aorta obstruction and pulmonary artery ob-
struction of FSV fetuses, which has cerebral circulation compensatory response in different degree.

[Key words] Congenital heart disease; Functional single ventricle; Umbilical artery; Middle cerebral artery; Ultrasonog-
raphy, prenatal

DOI: 10.13929/;. 1003-3289. 2016. 11. 025

Th e £ B0 2= | K Bh Bk AE BE AR JL BY Bk 0 7 27 3

|, EEL, T ORY
(1. B R K2R 0 AR e H 8 28 A 8300542, AT /R 1134 XA R E B ARl #7198 28 K5 830001)

(# ZE] BH BITEEEROLEES S I RSIBAEIG LA MR AE . 7k WRLHEAE LR FSV AR IL
40 i ORBIAD  IEH L 65 Jif Ouf JRAD o SR bk b 22385 405368 7 80 i JL IR Mg v sl ik OMICAD AL 8l ik CUAD L 113 MCA #8li8 44
(MCA-PD \UA #3155 (CUA-PD R/ B 1755 B 748 5 16 (CPR) . 46%% MCA-PI 5 UA-PI #47 Z 43 50ie 8, F 17 48 115 4
Br. &8 Wfildl 40 3 FSV 1,23 i FSV 431 E 0 KRR (FSV & 3 E S KAERHE 20D 17 & FSV & H-Fili 8 kA B (FSV &
Fili SRR A1) . 9 B4 55 % BRAL MCA-PIL Z 4348 JUA-PI Z /3 30.CPR 22 53 R4 2% 38 L (P>0.05) . FSV & 3 £ g kAl

[(E£TE] Bt E /R AR X AR 3 4 (2015211C205)

[E—1EE] HM1989—) . Hrsl & A A FEEmit . BF5E 1 AL O M . E-mail: tianpeng2013@163. com
[EEEE] TR OFmAEE /R QK AR ER#EA R, 830001, E-mail: xjyulan@sina. com

[ B H#I] 2016-05-31 [f&E HH#I] 2016-07-19



e 1720 - o E BE 2R R B R 2016 4E58 32 #2585 11 8] Chin J Med Imaging Technol, 2016, Vol 32,No 11

BHE 20 MCA-PI Z 43 $0(EAR T3 IR 20 K FSV & I sl kA BE Y 45 ( P<<0. 05) . FSV & Il sl ikAf B I 46 MCA-PI Z 35Ul T
X HRZH (P<<0.05), 3 41 UA-PI Z /3 ${li% S RG24 L (P>0.05), FSV 4 3F 3 IkAEF T 41 CPR {EAE T 4 M2 K FSV &
Il 3l kA BT 41 ( P<<0. 05) , FSV A Il sk B T4 CPR {5 %) B4 22 RG24 L (P>0.05), &8 FSV A I FE5)
JATEBELAN FSV A 3l 3y oA BEL A e ) LA 1 35 S 2B AR ), ELAF AN )R 1 i A A5 I )

[REIA] Se RO EIR 5 D BB 1 B0 25 5 IR B0k s RO o 30 bk s e 7 A 4 7= i

[HES2ES] RO41.1; R445.1 [X#KARIRMB] A

IHEME B0 = (functional single ventricle, FSV)
S Y S R A T LR AR R S A SR
P 0 % (congenital heart disease, CHD)AY 1. 0% ~
3.0%M, W R 25% 19 CHD # 4 JLT A4
T LR BT PN A i R B R S 2 RS
IES . ASCEERDT FSV & I K 30 ko B 59 is JL
ik 1t 98 7 AR
1 #REFE
L1 —f&Bert UegE 2012 4 1 2016 4F 2 T3k
BetiZ (i 105 4 2230, 3% 105 i Horb 40 B K9 SCRik
[3]& @m0 s 2 Wi CHD FSV Gkl 41) , 22 a4
W 22~40 %, FH(27. 545, 1) %, 22 21~36 Ji,F1Y
(29.5+6.2) J&; IEH HG L 65 B (X B 41) , 22 10 47 %
21~39 %,V (26.8+3.2) %, 22 21 ~37 [,V
(27.4£5. D,
1.2 U5 R GE Voluson E8 ¥ o £ 1% )
2 W TE A iR L O JIEAS A 11 42, RAB4A-8D HL
T =g AR S R 4. 0~8.0 MHz, R %
e R N N Rl IV e N A =l 2 R o TR ]
HA ML LK Yagel %57 % H A 1090 1w %t i Lok 17
H2# ., 32 W Van Praagh &P 32 119 CHD 2 W b
BEXHR L. MEH# AT 2 W e M. | e E IR O AL, T
Jit L L 0 A U0 T R DY s 0 VI TR AT 4 A )
BFENEME R LG EEEES BB T AL

[XEHS ] 1003-3289(2016)11-1719-04

=0 U A0 F U R AT 4 A WA
OF 5 R NKERE R sl =& Ym . £ 5 ks
KA L 3h bk 54 5 K AU L R A Al b
Rk vrmm ..o F I mETSA,. T
O FIEH HTC R 3l i SR Ik i 22 385 38 % 6 L K ik
/1 3 ik (middle cerebral artery, MCA) F1 i 3 ik Cum-
bilical artery, UA) AT, 24 /DA 5 S iELE 5]
— B W R BOE R RS AR (D . R
FI A R0 B MCA Wz 44 391 0 R0 30 338 ( Swiea) 8T 5K R
WU (Duica) - 249 ML 3 CAnica) 5 PRI & UA Wi 45
$0 08 R 3 8 (Sua) B 5K A 3 (Dua) 1 349 1 3 3
(Auya) . 43 335 MCA 8 3 38 0 (MCA pulsatility
index, MCA-PD \UA #3845 £t (UA pulsatility index,
UA-PD FiK /% 148 FH 77 45 % 1Y Ccerebral-to-placental
resistance ratio, CPR) . 115 A 3 : MCA-PI= (Syca —
Duca) /Amcas UA-PT = (Sys — Duya ) /Savas CPR =
MCA-PI/UA-PI, # MCA-P1 5 UA-PI # 17 Z 5+ %
it

1.3 Gl R SPSS 17. 0 G4 M i, 3
OB LU LR S . B2 5 0 IR iR JL MCA-PT
Z 5r 8. UA-PT Z 53 % B CPR 19 LL#R ] Wilcoxon
RIS . P<<0.05 RZEFA LI L. 3 4
R M Kruskal-Wallis B Uk 5, ™ 9 LG 8k H
Nemenyi ¥, P<{0. 017 IN N B G5 = L,

B 1 K MCA $iit 1# B2 feedamIL. 225 8 A MASBRERBILELCEEAR; BoOIEKKRBRHAKEILECEBEARS
I FE RS 4 s 220 D IR TR, B EUR ZOR A O O BER R (R AL 2200 RA A O B s LA 720555 SP B M RV
0LV ZEO0F ;RAA A OHLAA ZE0H ; MPA: ERi 8 bk AAO: T+ E 3 ik; InA. J6 4 3k Arch: E 3k 5 ; LCA . Z2 # i 3 ik s
LSA . ZE 8l T ahlbk; SVC. - E#k: T <)



[ BE2F AR AR 2016 4E58 32 %5 11 8] Chin ] Med Imaging Technol,2016, Vol 32,No 11

- 1721 -

F 1 B4 5% R4 MCA-PI Z 4350 . UA-PI Z /350 % T 4]} FSV 4 If i 2 ik 4
CPR M He % Ch A2 %50 BHLIV.2H ( P<<0. 05), FSV & Jf-fifi
2415 MCA-PI Z 435 UA-PI Z 45 CPR KA BH 2 MCA-P1 Z 43 $0(H &
P B4 (n=40) —0.33 —0.39 0.17 TR (P<<0.05), 34 UA-
FSV &3 F 3h Bk AR L 41 (n=23) —0.32" —0. 44 0.14" Pl Z A B2 B g2 8% X
FSV & Iffili 8 kA B 41 (n=17) —0.24%% —0.37 0.17% e s
XT B 20 (n=65) —0.25 —0.38 0.19 (P>0.05), FSV & Jf 3 3h fik ¥
T4 vs L FH4H CPR {EAR T X &4 & FSV
¢fit 2503 2207 3203 A I il 2 ik A B 4 ( P<<0. 05),
P i 0.53 0. 32 0.12 . o
3@%@& FSV & Jf i 2l bk # BH 41 CPR fH
HAH 24. 54 4.56 18. 79 5XBHER LG ITHE XL (P
P {f <0. 001 0.093 <0. 001 ~0.05), WL#E 2,

Heox GXPMRALIES, P<<0. 017 % . 5 FSV & IF R KA A L ¢, P<C0.017; A FSV & 3

I EFNKAEBLIE L vs FSV £ Il S BRI L T2 vs 3 IH 21

B3 pldfIL. 22 23 8 AR FEBRIEGRIRILA O E R E A BRI I B CGH 7R 2 1) B Bk

5 BLLMEICH AR A A0 =R B A BTl ko 7

B Ak SVC: R # Ik T

2 &R

W4 40 i CHD FSV i, 12 I & P IR K 4 iF
52,28 MRS JE B A L0 BERS & s TR UESE . o 23
i FSV & I F gl Jk M B (FSV & 3 3= 3h ik 4 FH
4 LA OKREARGA S I ES k%A 10 fa
(L 2) 4 9 P 4 5 = [a] B e 3 i . B = 1) ol ke 4
G ESIRAE 7 A7 DB A DA I E g ko A
36517 fif FSV & Il 3l Bk A5 BH (FSV & JF: Jili 3 ik 48
RV 2H) £ 45 b7 25 8] B k400 & 07 il sl ikope 22 7 i =
I I P 43 5 5 ] Bl A K il sl kB 22 5 g (I 3D L
LE BB LA gh k2= 5 k. 65 MG IE# 4G
JLBEDT & AT DR TSR .

I il 41 MCA-P1 Z 4380 UA-PI Z 53 %4 .CPR {H
XA 2 5 ¥ G L (P>0.05,% D,

FSV & Jf 3 3h ik 48 BHL W 2 MCA-PI Z 43 50 (E %

(R:ATI G L 22405 TV =R RA AT
s LA 73 SPBF A DAO: R E Sk MV 4R RV HOE; LV £Z0F ;RAA H O
HLAAZEOHE s MPA: E/li 8Bk s AAO: T+ F 8k s InA . Jo 44 g ik s LCA: 22 BUR 8 ik s LSA 24

it
A FE P X B0 28 43 A o
WA, 4R ZE AN UR B
FSV X —#r i, 47 F T X i JL
A S AT ANEH BAR YT 800 % 4y
BT AR ARG 9 191 4L 99 A s o
Sy [ B e KA O T A R B3R T 2
B2 TR Y 0 i SR B 23 45 1 1Y)
FSV &M= w720 k&
AN REEEAE L Z 8] g 56 5 7 il 5))
ik A1 B L D B Gl 461 (A X AR
M) JFSV & I 470 5 O 5
TR A I T B L
1E B K Bl Bk e 46 A 9 = AR I 1]
B0 3 A = 9 P i O
== 0] B B

AT s ] 40 UA-PT Z
SEESMBHREES KA T E X, 5 Guorong
L L0 g 45 R — 3, Hung 259900 UA-PI X 3T
M B 2 T BE 9 I R A (B 42 & iR JL CHD 38 A 2 i
PG ST RESZ B, T UA-PI T8 1k

AW FSV & I 3 3l ik 48 B 41 MCA-PT Z
YEUIRT X IR S FSV ARl sh kA BH W 41 . 1 =
kI A A FSV B L. W W R ELEFT AR
LEAAE, T AEAE ESh kR B AR . Esh kg i i >k A
S Ik 0 30 A I 5 2 A S 14 i 3 A
A BT o 6 LB 07 A 388 ok e AU e 77 BEL 2/ F 38 A 1f 3
o, AN GE A0 KBS R AL E 3 ik
AR B R /IN 5 iR LN 3k IR 1) 7™ B R B A % 3R iR
DU 4 & 75 R 30 ik 9 & B A7 AE R . Donofrio
S AE & B CHD JiG L3k FlSF 34 (4K T 15 % ik L.
S G LA 50 b 28 22 0 S5 T BB 5 i AR L i, 3 A%



- 1722 -

o E BE 2R R B R 2016 4E58 32 #2585 11 8] Chin J Med Imaging Technol, 2016, Vol 32,No 11

fRAT . AR %A il 2l ik i O B BEL 1 FSV iR L
A o A A E— Y FSV i A JE A BEL Y 3 3 ik DA AR
UE G LR A6 afn o AL Ok, R il 20 ok ot 32 A BEL 9 FSV R L
MCA-PI Z 5 B & F IE# G L. Maulik %M %R
[ A RH A AL 9 FSV iR JLiEAT 5T, K 8L FSV & IF £
S IKAE L ZH 1) MCA-PT {E 8% BREHFEAIR (P=0. 009) ,
FSV & it sh kA5 B4 iR )L MCA-P1 {E % FSV & JF
FEE KA T E (P=0.001), Szwast Z10 FSV
JiG L3 R A 91 3 3 Ik 4 L 4L A0 il ) Jhk 4 BE 41, 25 SR &
LA I ESKAE L FSV i )L MCA-PI {E A% T i 3h
AR BEL2H R I A A 5T 4 R — B

CPR /& MCA-PI 5 UA-PI ) It {4 . CPR {8 72 1k
A A6 -5 M a5 BEL 7 RS h ik i A BE T A e HEBR
UA-PI 952 m 5 . CPR B2 {5 MCA-PI (145 1k
EHA—3 ., BT FSV LI IE B E i
JUARTR  E G BT B IE# M1 50 F L 6 LI & i Flz
S ARA S S8 FSV iR LI A & A% . A5
o FSV & 91 3 3 ko B 40 CPR B K T % 8 240 &
FSV & 3 it 2h kA B3V 41 ( P<<0. 05) , FSV & Jf:iili 3
[k FERH Y 40 CPR {5 5% R4 22 R LG T2 X (P>
0. 05) . 4875 FSV & I 3= 2 ik 45 BH 7T 38 a3 0% g i o
BE A AR E G LA it af . PRI, CPR A8 4k 26 B “ i 44 4
BRI BEAFAE T FSV IR L.

25 LT L FSV IR L 808 2R B 20 5 1E 7 i LA
[, FSV i LA i 37 1) ek A2 52 AR 4 I AE 19 5% e, AL A4
AISE R F BT I i S . G )L MCA-PI,
CPR 19 24 4% W] AR Sy Fil 0 B4 BHL T 0% FAk 38 b 8 i L ik
I V8 S Y TP A 4R AR

[ 5% 30k ]

(1] 2%, R0k, RE , 55 8 A 0 3 B2 IR L B0 % 43 1 5 &
WS B A0 ML o IR 7 AR 2% 2 35, 2012, 21(8) :649-652.

[2] Clouchoux C, Kudelski D, Gholipour A, et al. Quantitative in vi-
vo MRI measurement of cortical development in the fetus. Brain

Struct Funct, 2012,217(1):112-139.

(3]

[4]

(6]

7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Jacobs ML, Mayer JE Jr. Congenital heart surgery nomenclature
and database project: Single ventricle. Ann Thorac Surg, 2000,
694 Suppl) : S197-S204.
Rychik J, Ayres N, CuneoB, et al. American Society of Echocar-
diography guidelines and standards for performance of the fetal
echocardiogram. J Am Soc Echocardiogr, 2004,17(4):803-810.
Yagel S, Cohen SM, Achiron R. Examination of the fetal heart
by five short-axis views: A proposed screening method for com-
prehensive cardiac evaluation. Ultrasound Obstet Gynecol, 2001,
17(5):367-369.
Van Praagh R, Scntini F, Geva T. Segmental situs in congenital
heart disease: A fundamental concept. G Ital Cardiol, 1990, 20
(3):246-253.
Kaltman JR, Di H, Tian Z, et al. Impact of congenital heart dis-
ease on cerebrovascular blood flow dynamics in the fetus. Ultra-
sound Obstet Gynecol, 2005,25(12):32-36.
Modena A, Horan C, Visintine J, et al. Fetuses with congenital
heart disease demonstrate signs of decreased cerebral impedance.
Am ] Obstet Gynecol, 2006,195(3):706-710.
Meise C, Germer U, Gembruch U, et al. Arterial Doppler ultra-
sound in 115 second- and third-trimester fetuses with congenital
heart disease. Ultrasound Obstet Gynecol, 2001,17(5):398-402.
Guorong L, Shaohui L, Peng J, et al. Cerebrovascular blood
flow dynamic changes in fetuses with congenital heart disease.
Fetal Diagn Ther, 2009,25(1):167-172.
Hung JH, Fu CY, Hung J. Combinationg of fetal Doppler ve-
locimetric resistance values predict acidemic growth-restricted
neonates. J Ultrasound Med, 2006,25(8):957-962.
Shillingford AJ, Ittenbach RF, Marino BS, et al. Aortic mor-
phometry and microcephaly in hypoplastic left heart syndrome.
Cardiol Young, 2007,17(9):189-195.
Donofrio MT, Bremer YA, Sehieken RM, et al. Autoregulation
of cerebral blood flow in fetuses with congenital heart disease:
The brain sparing effect. Pediatr Cardiol, 2003,24(5):436-443.
Maulik D. Hemodynamic interpretation of the arterial Doppler
waveform. Ultrasound Obstet Gynecol, 1993,3(1):219-227.
Szwast A, Tian Z, McCann M, et al. Comparative analysis of
cerebrovascular resistance in fetuses with single-ventricle con-
genital heart disease. Ultrasound Obstet Gynecol, 2012,40(1):
62-67.
Baschat AA, Gembruch U. The cerebroplacental Doppler ratio
revisited. Ultrasound Obstet Gynecol, 2003,21(9):124-127.





