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Adolar WA B JFIE 1= olstoln dstFom  ofn]
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Table 1.Comparison of characteristics in three patients groups

APC LT ECC ok

value
M:F 54 8:4 7.6 NS
Age(years) 13.1+6.8 10.0+4.5 15.8+10.2 NS

Body weight(kg) 35.2+17.6 29+15.2 42.8+18.9 NS

Age at 4.6+0.7 3.6x2.4 11£9.8 NS

operation(years)

Follow up 82.6+£65.3 70.5%£51.6 54+29.1 NS

duration(months)

APC; atrio—pulmonary connection group, LT; total cavopulmonary connection
with lateral tunnel group, ECC; total cavopulmonary connection with

extracardiac conduit group, NS; not significant

=29 9GS dol Hge HolZo JF F EAE
Doppler guidewire® i8] 79 FHAWI #HF = Alo
i, StHA N2 st Avre] AACNA 2-3cm ofHZE,
°f Aee stAW AAF Bt 2-3cm WHEE, &
2 oA 1 cm v2ZE, 2} d5H2 HzolA] 1 cmetEol
AA 3 = AALE Aok 2 TF FUloA HA 33 o]
AEE 71Fsla & 33

= FAAEARY TV BYys FE45-H
, T M ST peak wave)7t & F9¢}

7



W] oz yehies 29 RIEZ Aot 719 7] Al
Zk AF7lERt Suket Dub, RIFOl fFE&-AIRF H & (velocity-time

integrabl VID#t& S8  F S99 VTIVTIH9 D3
VTI(VTI#Eel gellAl Ruke] VTI(VTL) # A9 e d
a9 HAY F= AW dFZF(net antegrade flow integral;
NAFDO= Aefsiint. E=3 F71 Aol Ha VT =27] Al
Ha VIIES Qns, Qexe® 3F Qusoll 3 Qus®t Qexpl #Ho] 9]
H ((Qs—Qexp)/Qie) S E5 2] &4 5 (respiratory variability index;

RVDE 7 2| h3ich.

dil= B £ Z2EAAE FAST A4 231 ol HAS

SPSS 10.0(SPSS 1Inc. Chicago, USA)& °]&sti F w1H9



)
Jm
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1. B gkae] g5t 2 A
E9 A+ e ¢4¥e APCE2 14.0£2.1mmHg, LT+
+3.8mmHg, ECC¥2 13.6+2.3mmHgt}. A d A2 o7
2 Z+Z} 9.442.5mmHg, 7.5+3.2mmHg, 10.7+2.7mmHg®
hoore B AAAY ol B 4EE Al I3 AR
oml Ae AolE EO]X] gkt AAAe]  AF=H(ejection
, Aol @A A (cross—sectional
area index) EF Al o3+ o7 Q1= zbol7}F AT (Table 2).
APCTO & A 92 Zd32 A #H/9 2ol 44,
H /A =ke] 18, dAA(FHE S FHHHE Tl 24,
WAool Erbsgr b dEd AL 28 dATh LT+
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O

AR S Wi 0w e

A

APCE2 AF7] we 57|19 o N
= ol¥A (biphasic) EF = Holi AW F57]0
_]

o] F el

AFA dF7F BEHAL LTI ECC TollAe AF7] dAAol
AA A&5HA F FFE HAn AW 5719 9F4 ERE
A YEhGA &ZdrhFig. 1. AF7)0) mE dFFHS A6
APCTS VTIp7b VTIol ®l&) #Aastgoy LT3 ECCEL
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Table 2. Hemodynamic characteristics in three patients groups

APC LT ECC p-value
mPAP(mmHg) 14.0+2.1 11.8£3.8 13.6£2.3 NS
SVEDP(mmHg) 9.4£2.5 7.5%£3.2 10.7£2.7 NS
SVEF(%) 63£5.5 62.514.9 62+£5.3 NS
Sa0, 94.5£3.5 95+0.8 95+1.9 NS
CSAI of PA 180+43.8 202+40.6 249+60 NS

APC; atrio-pulmonary connection group, LT; total cavopulmonary connection
with lateral tunnel group, ECC; total cavopulmonary connection with
extracardiac conduit group, mPAP; mean pulmonary artery pressure, SVEDP;
end-diastolic pressure of systemic ventricle, SVEF; ejection fraction of
systemic ventricle, SaOg2; oxygen saturation, CSAI of PA ; cross—sectional area

index of pulmonary artery, NS; not significant

Table 3. Underlying disease of patients before operation

APC LT ECC
Tricuspid atresia/stenosis 4 3 5
Mitral atresia/stenosis 1 1 0
PA with IVS 0 2 3
Complex TGA 2 1 1
Ebstein anomaly 0 0 1
Single ventricle 2 4 3
DORV with ECD 0 1 0

APC ; atrio-pulmonary connection group, LT ; total cavopulmonary connection
with lateral tunnel group, ECC ; total cavopulmonary connection with
extracardiac conduit group, PA with IVS ; pulmonary atresia with intact
ventricular septum, TGA ; transposition of great artery, DORV with ECD;

double outlet of right ventricle with endocardial cushion defect

10



VTIp7b VTIsE T F74ete] APCTRETE A8 072 ou] QA
S #HE Bt = APCES o9 ET FEF7)o] AA
FdEE dF57F o 23 LT#3 ECCHolAE A4de] ol
O B2 @F7F AFez fdus 2oz Yeiwth 974 /9
VTI(VTIR)& APCTolA of& F wH BAgH o= oul QA
S7tslo] AKTh NAFIE Al o3 SAH oz ou) Qs zol&
HolA ZUtHTable 4). S5 9T ALEE Hlws] BH VTI,
VTIp, NAFI?] RVI 32 ECCTolA ©& F o nls
SAgH oz U A HL& IS HITh = ECC TdA=
S/ ET FIAl A ARl 32% AE FUlel %
oELIE TE 7 ol uld FEIA JErdS & 5 ddrh
APCTF¥} LTH#2 @dRF2 RVI ol *tH(Table
4).
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A7l 234 A%AQ d/HE Wola AW FF719] 9F Fd>
Ao #ZHA FAtHFig. 2). SN DR} FASA APCT S

VTIsg7F VT Rt =4 SAHR o LT3 ECCES VITgHE.th
VTIp7F B 2 #S 2t & LT3 ECCTAA = A4
olek7]o] Ao FHdH= EFHo o FUsEATE. VTR
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X
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e dFFS s By A 7 BF ARl HlE o
RVI #< 2t S 4diAAd 1o 5714 d79 F7F
7F A ES oo A dErg . =3 VT RVIgES
11

A9,
ol

)
ok
)

rlo

L i o B
>

H



Table 4. Velocity—time integrals and respiratory variability index

of superior vena cava in three groups

APC LT ECC p-value
VTIS1 Ins 6.6+3.3 7.5+£3.7 7.1+3.6 NS
(cm) Exp 5.56+2.6 6.2+3.3 5.0+2.3 NS

RVI® 0.15%0.06 0.16+0.10 0.26+0.12  <0.05""
VII,>  Ins 4.842.6 7.842.7 7.5+1.8 <0.05""
(cm) Exp 4.242.2 6.6+£2.6 5.1+1.5 <0.05°

RVI 0.12%£0.06 0.15%£0.09 0.31+0.09 <0.05" "

VIIy"  Ins -0.5+0.4 0.0£0.0 -0.0+0.1  <0.05"
(em)  Exp -0.6+0.5 -0.5+1.6 -0.1£0.2  <0.05"
RVI 0.1940.25  0.11%£0.32  0.16+0.42 NS
NAFI'  Ins 10.9%5.7 15.446.1 14.6+4.9 NS
(cm)  Exp 9.1+4.7 12.945.7 10.0+3.6 NS

RVI 0.15+0.08 0.16+0.07 0.3240.07  <0.05""

I velocity-time integral at ventricular systolic phase, % velocity-time integral

at ventricular diastolic phase, 3 velocity—time integral of regurgitation flow, 4

net—antegrade flow integral, % respiratory variability index, *: between
APC&LT, * : between LT&ECC, T between APC&ECC , APC ; atrio—pulmonary
connection group, LT;total cavopulmonary connection with lateral tunnel group,
ECC;total cavopulmonary connection with extracardiac conduit group, Ins ;

inspiration, Exp ; expiration, NS; not significant

12



inspiration expiration

Figure 1. Doppler patterns in superior vena cava according to
electrocardiogram and respiration cycle in APC group (I), LT
group(Il) and ECC group(Ill). Biphasic superior vena cava flow at
ventricular systolic(S) and diastolic(D) phase and regurgitation
flow (R) at atrial contraction in APC group(I) but continuous flow
during entire cardiac cycle in LT and ECC group(I,IIl) were
observed. The increases in antegrade flow during inspiration

were more significant in ECC group(IID).

13



AT Aol gldley VTIL9k NAFIO] RVI #& LT3
ECCol APCTET ¥ & 2 Bt 5 o7 d7za d
B dRF] w0 gRe S7F A=7F LTI ECCEe]
APCT R B =7 Yebsth LTw# ECCi9l HlaliA oA e F
w3b 7 d5el RVI gkl Abol= §1AvH(Table 5).
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Me
1%

k<2 =
E HolW AW dF7F Frlsttirt a9k 9
A% dF/7F soEY 9F dF7F 2 AHFig. 3).

APCTS VTIgZ7F VIR 52 2 Bt = NAFIY 2o
BES VTIgZF olFx AAJtk 714 VIRe APCEI LTS
zho]7F oy ECCHe thE 7 R BAstgo =z on 9

= F @FE ECCTo] th& F THT}
23S ¢ & dgd EF F7IA NAFIE  APCHo
4.0%+1.5cm, LT+°] 12.6%7.9cm, ECCT°] 6.3£2.8 cm=
APCTol Hl& LTT¥ ECCTL v A %2 #S HYx
LT3 ECCHF Aol BASGHo=z 9w e o|7t
2L THTable 6).

FTEIo] ABAFE dolr™ VTI, VT, NAFI®] RVIE Al 3¢
o e zel7b gl 2Ey e d#E° RVISH HlwE o
NAFI¢] RVIE APC#, LT, ECCT oA Z+2zh 0.83+0.32,
0.77£0.52, 0.88+0.122 =< #& EITH/X0.05). = &
o] wle 7 AW A F 2F 53 A W3¢ dF9 2F

_E"__.
&L} o} F/A R =717 @A et Table 6).
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Table 5. Velocity—time integrals and respiratory variability index

of inferior vena cava in three groups

APC LT ECC p-value
VI8¢ Ins 6.6+1.5 5.8+1.7 5.0+1.9 NS
(cm) Exp 4.241.5 3.0+£1.5 2.540.7 <0.05"
RVI®  0.35+0.16 0.50+0.14  0.48+0.10 NS
VII,Y  Ins 5.4+1.6 6.3+2.6 7.2+2.4 NS
(cm) Exp 3.7+0.6 3.4+1.7 3.4+1.3 NS
RVI 0.25+0.22 0.48+0.13  0.53+0.05 <0.05""
VIS Ins -0.840.5 -0.140.2 -0.0£0.0  <0.05""
(cm) Exp -1.5+0.8 -0.6+0.8 -0.1+40.1  <0.05°"
RVI 0.45+0.10 0.0+0.0 0.0+0.0 <0.05""
NAFI*  Ins 10.94+2.4 12.0+3.6 12.2+3.1 NS
(cm) Exp 6.7+1.4 5.8+2.9 5.9+1.6 NS
RVI 0.38+0.09 0.54+0.13  0.524+0.06 <0.05""

. velocity-time integral at ventricular systolic phase, 2 velocity—time
integral at ventricular diastolic phase, 3 velocity—time integral of regurgitation
flow, % net—antegrade flow integral, % respiratory variability index, ! between
APC&LT, * : between LT&ECC, T between APC&ECC , APC ; atrio—pulmonary
connection group, LT;total cavopulmonary connection with lateral tunnel group,

ECC;total cavopulmonary connection with extracardiac conduit group, Ins ;

inspiration, Exp ; expiration, NS; not significant

15



Figure 2. Doppler patterns in inferior vena cava according to
electrocardiogram and respiration cycle in APC group (I), LT
group(Il) and ECC group(Ill). Biphasic inferior vena cava flow at
ventricular systolic and diastolic phase and regurgitation flow (R)
at atrial contraction in APC group() but continuous flow during

entire cardiac cycle in LT and ECC group(II,IlI) were observed.
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Table 6. Velocity—time integrals and respiratory variability index

of hepatic vein in three groups

APC LT ECC p-value
VTI' Ins 3.6£1.5 6.7t4.1 3.0£1.6 NS
(cm) Exp 2.6+1.0 1.3£2.5 0.6£0.4  <0.05"
RVI® 0.24+0.20 0.784£0.69  0.73£0.21  <0.05°"
VTI,? Ins 1.7£0.8 6.0+3.8 3.3+1.8 <0.05" "
(cm) Exp 0.6+0.7 0.4+0.4 0.5+0.5 NS
RVI 0.64+0.34 0.67£0.41  0.82+0.13 NS
VTI,® Ins -0.94+1.4 -0.040.2 -0.1£0.4 NS
(cm) Exp -2.841.9 -2.2+5.6 -0.6£0.5 <0.05"
RVI 0.61£0.36 0.8240.49  0.72+0.46 NS
NAFT'  Ins 4.0+1.5 12.6+7.9 6.3+2.8 <0.05°"
(cm) Exp 0.4+1.4 0.15£5.6 0.6+0.7 NS
RVI 0.8340.32 0.77£0.52  0.88+0.12 NS

L velocity—time integral at ventricular systolic phase,

Z velocity—time integral

at ventricular diastolic phase, 3 velocity—time integral of regurgitation flow, 4

net-antegrade flow integral, ”; respiratory variability index, between
APC&LT, * : between LT&ECC, T between APC&ECC , APC ; atrio—pulmonary
connection group, LT;total cavopulmonary connection with lateral tunnel group,
ECC;total cavopulmonary connection with extracardiac conduit group, Ins ;

inspiration, Exp ; expiration, NS; not significant

17



inspiration -expiration
T A e m—_

o ‘ika&
WIS S R

inspiration expiration

Figure 3. Doppler patterns in hepatic vein according to
electrocardiogram and respiration cycle in APC group (I, LT
group(Il) and ECC group(ID). In APC group(), biphasic flow and
regurgitation flow(R)at atrial contraction were observed but in
LT and ECC group(ll) blood flow were synchronous with

respiration.
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APC A 2R kil
BeIE olFE oldd FRE EAT Iu AR 2
Aol olerIT Al FF7 Aeurt AuHE olFE
FEe Hoa dF9 fAelA= Ade #5571 27 ER79
9F 7F BEF A LTE 3 ECColA s AF 7)o A A%<l
dF Fde Btk LT dF Al e d5Hd IR
e HolwA APCEI FARHA A w5719k ojghv]ol mhE
F ¥l Aess Hola tHFig. 4).

AF7ll e ERFe wYstE Al o EFelA VILEG

VTIp kol © F718kdth. 53] APCe] A% AAA 3 2 A4
olgt7le] HE® dFFol o Ikt S BEZ £ AUTh
TN VTLR#S 4% APCHFol LT#3 ECCFol Hl&l & #g
Btk NAFIg-S LT3 ECCHEolA APCTFRETE F7|9F z7]
B BAgHeR ou] A w2 e Bt LT+ ECCH
Atele]  mlmEAAE  NAFIglA  ou e o|7t
A tH(Table 7).

T3 Tl mE 9T EAsH VTt NAFI®] RVI g2
ECC#o] LTwHT} BATgHoR 9w QA &2 s Hoy
APC-#9] Afol= FHakA] &9kt VTIpe RVI @& ECCo]
0.4740.082.2 APC(0.34%0.13)3 LTw(0.32+0.14)°] ]3|
BAgHoz ou dv L IS EHAth F ¥ ¥R =

JELE ECCaol LTwol Hlsl A uYewta ol ol

Efe] B9 APCTA MM E ¥& 2F SRS Ho F7

95 =7} Ax7F v =24 veRtH(Table 7).
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Table 7. Velocity—time integrals and respiratory variability

index of pulmonary artery in three groups

APC LT ECC p-value
VTIs! Ins 7.1+1.3 9.7+3.2 10.9+4.2  <0.05°"
(cm) Exp 4.240.9 6.44+1.0 6.0+2.4 <0.05"
RVI°  0.39+0.15  0.30+0.14  0.45+0.07 <0.05"
VII,>  Ins 8.7+2.0 10.944.2 13.0+£2.7 <0.05"
(cm) Exp 5.7+1.9 7.1+1.9 6.8+1.8 NS
RVI 0.34+0.13  0.3240.14  0.4740.08  <0.05""
VII,>  Ins -0.2+40.3 0.0£0.0 0.040.0 NS
(cm) Exp -0.8+0.8 -0.2+0.4 -0.1£0.2 <0.05"
RVI 0.48+0.47  0.20%0.42 0.040.0 <0.05"
NAFT'  Ins 15.7+£2.8 20.5+6.7 24.9+6.7 <0.05°"
(cm) Exp 9.243.1 13.242.0 12.7+3.6 <0.05°"
RVI 0.394£0.19  0.32+0.12  0.47+0.06 <0.05"

. velocity-time integral at ventricular systolic phase,

integral at ventricular diastolic phase,

% velocity—time

3 velocity—time integral of regurgitation

flow, % net—antegrade flow integral, % respiratory variability index, ! between

APC&LT, * : between LT&ECC, T between APC&ECC , APC ; atrio—pulmonary

connection group, LT;total cavopulmonary connection with lateral tunnel group,

ECC;total cavopulmonary connection with extracardiac conduit group, Ins ;

inspiration, Exp ; expiration, NS; not significant
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Figure 4. Doppler patterns in pulmonary artery according to
electrocardiogram and respiration cycle in APC group (I, LT
group(Il) and ECC group(Il). In APC group, biphasic flow pattern
was observed with peak at ventricular diastolic phase(D) and
some regurgitation flow(R) at ventricular systole. The continous
flow was observed with some pulsatility at ventricular systole
and diastole especially in LT group(D. In ECC group(lIl), the
increases of antegrade flow during inspiration were more

significant than LT group.
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Abstract

Assessment of systemic veins and pulmonary artery flow
and relations to respiration using intravascular Doppler
echocardiography, according to the Fontan modifications

Yuria Kim
Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jun Hee Sul)

To assess the effect of Fontan modifications on systemic
venous and pulmonary artery flow and to determine the
respiratory variability of flow after Fontan operation,
we compared 9 patients having atriopulmonary connection
(APC group) and 12 patients having total cavopulmonary
connection(TCPC) with lateral tunnel(LT group), and 13
patients having total cavopulmonary connection with
extracardiac conduit (ECC group). We per formed
intravascular Doppler echocardiographic study of the
caval veins, hepatic vein, and pulmonary artery after
cardiac  catheterization. We obtained velocity-time
integral (VII) of flow during cardiac cycles and
respiratory cycles, and calculated the net antegrade flow
integral (NAFI) and respiratory variability index(RVI). In
the APC group, VTI at ventricular systole (VTIs) of caval
and hepatic veins were greater than VII at ventricular

diastole (VTIp) in contrast to that observed in the LT
32



and ECC groups. VII of regurgitation flow (VTIz) of caval
and hepatic veins were significantly greater in APC group
than LT and ECC group. There was no significant
difference in NAFI of caval veins between three groups.
But NAFIs of hepatic vein and pulmonary artery were
significant greater in LT and ECC group than APC group
(/&0.05). The RVI of NAFI at superior vena cava and RVI
of VTIp at pulmonary artery were significantly greater in
ECC group than other two groups. There was no difference
in RVI of hepatic vein between three groups. In
conclusion, the regurgitation flow of caval veins and
hepatic vein decreased and antegrade flow of hepatic vein
and pulmonary artery increased in LT and ECC groups. So
much more superior hemodynamics of caval, hepatic veins
and pulmonary artery were observed in LT and ECC groups
than APC group. And in ECC group, the flows of superior
vena cava and pulmonary artery were more dependent on the
respiration than other two groups. So the extracardiac
conduit TCPC procedure has more superior hemodynamics but
the flows of caval veins and pulmonary artery are more

dependent on the respiratory cycles.

Key words : Fontan operation, doppler echocardiography,

respiration, systemic venous flow, pulmonary artery flow
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