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= Abstract =

Comparison of Various Doppler Echocardiographic Methods for
Estimation of Pulmonary Artery Pressure

Jae Hwa Oh, M.D,, Hyang Suk Yoon, M.D., and Jin Won Jeong, M.D.
Department of Pediatrics, Department of Cardiology* Wonkwang University,
School of Medicine, Iri, Korea

Background : Noninvasive estimation of pulmonary artery pressure is an important compo-
nent of echocardiographic studies. A number of methods are available for estimation of pulmo-
nary pressure, each with varying degrees of reported accuracy. To assess accuracy and difficulties,
noninvasive pulmonary artery pressure estimates were performed in infants and children with
congenital heart diseases.

Methods : Noninvasive estimates from 8 methods were compared with catheterization measu-
rements. Systolic pressure was estimated by the Burstin method and from peak tricuspid regurgi-
tation velocity, and also from systolic pressure gradients through the VSD(ventricular septal
defect) and PDA(patent ductus arteriosus). Mean pressure was estimated by acceleration time
divided by ejection time measured from Doppler spectrum obtained at the right ventricular
out flow tract. Diastolic pressure was estimated from pulmonary regurgitation velocity spectrum
at end-diastolic, and also from diastolic pressure gradient through the patent ductus arteriosus.

Results - In systolic pressure, Burstin and tricuspid regurgitation velocities estimates correlated
significantly(r=092, 0.90 respectively), whereas VSD and PDA estimates correlated less well
with catheterization estimates(r=0.83, 0.65 respectively). The mean pressure, measured from
RVOT(right ventricular outflow tract) Doppler spectrum corresponded well with catheterization
pressure(r=0.89), whereas those obtained from the main pulmonary artery correlated less well
(r=0.74). The diastolic pressure estimates from pulmonary regurgitation velocity spectrum re-
vealed good correlation(r=0.79), but those from diastolic Doppler spectrum at PDA correlated
less well with catheterization estimates(r=0.63).

Conclusion : All of eight Doppler echocardiographic methods seemed to be easily performa-
ble for estimation of pulmonary artery pressure. But, the degree of accuracy was variable. Because
a pressure estimate from only a single method may be in error, care should be taken in combi-
ning use of other(one or two) methods.

KEY WORDS : Pulmonary artery pressure *+ Doppler echocardiography.

— 820 —



M =

A4 AA8e 9584 FGrioA dx=a A
A o] EAJAMHES QAT w3 v BE A A AAL
W Eo] AxE v At Hed vEo $u3 o
FHAT. HEAete P A2 9 AroA &
8% FEoith ojAL HEH n¥YS Fud A
AR A3Y A9 AA A 53] Fadit A%
wigte] v]AEH ZHo st B S0 A4
HAed oled wHEL 7EFHd dFgolt A
grox g ARE By &, 47t 42
otk A 45 WP Eo] b2 foh. StevensonV&
TEY ARSI E ol &5y HEAYS FFHE
23ste WP FAA 2 23 A 671X E B3t
B2FoA HLHAG. o|FoN FTEH ojFAt
(IVRT, isovolumic relaxation time)& ©]-&3} A &
Ad FE 2 MY £Z7] A ZHE (ST, systolic time
interval) & ZA st Adste Wo] 71l o
#Agol JuEE A¥xe =AU FH. BAp
Ho] AAF Mool gxte] WA (sedation),
ARe s8R Fo] FBEE Folv Siolth

B2 A7 d59YS 528 Ax29 HALE o
439 ZAse WPE Uty Fze =g
XA QR1F S YolH Y] Y3t MAA AL
7 @A AL 2 A AT BE U #A}ol Al
&8 AZ2E9 HALE AP, A=z AAtelA
e HEugTe ARBAE ZABIYIL, e
oA 9% Yolr ity

ofat o

.o &

1992:d 19 1Y ¥H 19944 6Y 3074 ¢ 2@
67N YT Agold] HY Adojie] MAAY AFg¢oz
Agwi Axz AAE @] 98 498 #AF
A 9 AdF32Z2E, FHWHE, $2% 83, o
9 HE A FF FA4E QFo2 3 ch(Table 1).
i/ §21e vtol = 370 Holl A 144, B 3.384 At

AR 2T L F5& 34[Y Lol A
9 3E72 Hdxga AAE WY Y == ¢

Table 1. Number of cases with congenital heart di-

seases
Ventricular septal defect 79
Patent ductus arteriosus 33
Aurial septal defect 20
Atrioventricular septal defect
Mitral stenosis
Aortic stenosis & coarctation 1

137

AEAFAAN FY

2. 4

HAEAR BTN =E8 4253 HAE AY
T FAbe FeEol A AL 98k 10% chlo-
ral hydrateE 0.5ml/kg 47 FA3 At AA 7171
UM9(Advanced Technology Laboratories, Inc., Bo-
thell, Washington, USA)& AH4-3tQich W@rle) F
BFE 2.25 £ 5 MHzE AHEE T B E S
FeSldlA 15% Fxo FFAIR 8 Foli 7
Aretg o], E5 sinus thythme B Pt A% &s
S AAEE FA9 71538 2899 32 7
& 27 100mme] £ 2 =339 RE A
TLHAA 3 AYHAL AHA = 3~538
Ao PHog AUt ol dxeuw FFNE
48A1ZE ool AR F A=A} AR 9} u] st}

A=z A 9] 7132 meperidine hydrochloride
(1~1.5mg/kg) =F¢} chlorpromazine(0.5mg/kg) B
FE AHE3ARL, A7le & Aol diazepam
(5~10mg)&, Aol M 10% chloral hydrate(0.5
ml/kg) & 2T F493A0}h Ketamine(2mgrkg) & t
B8AF 1584 A 25 AT #AE
& A=A HAMA room airZ LR 3FL &x
AR A=A 7152 Honeywell VR-16 polygraph
(Marquette, USA)oll %28 damped fluid-filled ca-
theter systemol| 4] Dome?] F#& 4919 F& Fo]9
Ao AXAF1I calibrated strip charto] 7] E3}
ATk A 4R e ALY S AYFIE pu-
Iiback tracing®. 2 7153 o, FA4Y2 £Hol
AR ZPd A1) de HAA 28 34
A9 #%7) dteoz gt ZE dAe
FLAA R A Ao 2gu HAL 2
Hol EgAoz nus At

&€ BRY F¢2 A0
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Fig. 1. Pulsed Doppler measurement of the QTO(left) and QPC(right) from the Doppler spectrum of tricuspid

and pulmonary flow velocity.

4yz =| 25 MMHG
L -250

Fig. 2. Continuous Doppler measurement of the peak
systolic transtricuspid pressure gradient from the
tricuspid regurgitation velocity.

3. +57| HIYY

1) Burstin 22

FFZHE G RN FHFY FREEY
343 Aol HFNAY closure arifacts: FZ 31
HF5 9 %] 23] Al A (PC pulmonary valve closure)
g 71280, 43 oEEdA 4B B8 $44

T EREEY 33 o] 4H A opening arti-
faccs Fx39 AT Gl A A (To, tricuspid
valve opening) & 7|38t Q 31, 53 A A A
£ QA3} PC(QPC), Q3+ TOAo] o] A2)(QTO)
£ 243t Wuty 10002 2 A3PT o] A
Zto] 2 PCS TO Aol 8] HA(TO-PC) &, +449
583 o] A ZH(IVRT, isovolumic relaxation time) <
A& Atk(Fig. 1). 24zt 7)1 A et 3}
ol7} £33 53 oG At 2AA 2 gt o

< modified Burstin normogram"e] th¢]dted 4
%718+ SR8 44 722 HAU dAEY
F2 A 2R, AR AR AHEH HY BAHoly
TES HHRA, FAHo] gl A de E HALY
el A At

2) AEE AR 8T

A otz A 71531 =84 HFSA @9
EAME 71E3HT AHE 979 Jusxe A
499 =382 ol XL FeUt A3 9
ok A3t Ack(Fig. 2). A FHE Avde=(¢4%3
A4 £%7] ¢EAE A7) 943 modified
Bernoulli equation, &, pressure gradient=4V*(V=
maximal velocity) 2 ©]-&38tHon, T3 A}
B FARNS 'mmHgS Hdte $357] He
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Fig. 3. Continuous Doppler measurement of the peak
systolic and End-diastolic pressure gradient(Ao-
rta-pulmonary artery) from the peak shunt flow
velocity of the patent ductus arteriosus.

Fig. 4. Pulsed Doppler measurement of the AT/ET from
the RVOT flow velocity wave form(PEP : preeje-
ction time, AT : acceleration time, ET : ejection
time, RVOT : right ventricular outflow tract,
MPA : main pulmonary artery).

TFake] el Aok e %‘%‘gi A3 ¢gag 73
At (Fig. 3).

4. H7 HSH

1) Kitabatake 283

AN FE29 dR4% B30 2 PEP(preejec-
tion period)9} AT(acceleration time), ET(ejection
time)E T3l Kitabatake?] 3]AFA F, log 10
(mean PAP)=—28(AT/ET)+2.4°] tYdtd &3
3t cH(Fig. 4).

2) Dabestani 24

FHEYY £57) YR&x AFo2REH AT/
ETZ T3} Dabestani®] ¥ 4] (mean MPA pressure=
83— 148(AT/ET)) 2.2 AAbstih.

o] F7kA WHdMe $+AH FEZ9 HH,
T ¥ 5y HAFEH AETo] qdA
A 9 = At

5. &7 HIWY

1) H3SY ARST o

HEFEA FF dERA HIAVE AF, AAY
oz o7t 28 $AA FEZ, HFHH, FAF
o] AM Foz olojd o, 7)o HEHHo
RopAl= H9 o sample volumes $RAZH T} o

Fig. 5. Pulsed Doppler measurement of the End-diasto-
lic pressure gradient(RVOT)-Pulmonary artery)
from the pulmonary regurgitation velocity.
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Table 2. Echocardiographic estimates of the systolic

time interval in the right ventricular outflow tract

Control PHT p value
n 41 25
age 527+ 4.24 487+ 4.11 NS
HR 94+ 15 98+ 20 NS
peak vel.(m/sec) 0.75% 0.15 0.93+ 0.18 <0.05
PEP(msec) 87.7 =156 1055 +18.8 <0.01
AT(msec) 121.7 +15.9 108.6 +17.9 <0.05
ET(msec) 283.9 +21.9 284.0 £25.4 NS
PEP/ET 0.31% 0.06 0.37+ 0.08 <0.05
AT/ET 0.43% 0.08 0.38%+ 0.04 <0.05

Values are mean= SD; PHT : pulmonary hypertension, n . number, HR : heart rate, vel : velodity,
PEP . preejection period, ET : ejection time, AT ! acceleration time, NS ! not significant

AAAA HFH IF 3P & T} £ A5
=E22 715830 (Fig. 5).

T=Z8 349 ¢Adg diastolic envelope, &3
4712 4% Wg 7153ed FoE 7
Ao dA5d 979 83712 H1EE FA] modi-
fied Bernoulli equation®] HEAIZAN, HHd FHA
H3t 7mmHgE Tt Z37] HFULE 23
At

2) SHIHZEOIM EHETIY AR}

FEFIA O3S 9HTNAM A =9 & o
A&y = EYe FAAS T PV Ju4EE

Fahe o3 Ze wow Ay H3u gHAE
T AH(Fig. 3).

3) SAxe|

Aeaet 259 ¢4 A= EE BHEY Macin-

tosh LC III computerel] A} FA 83 F4&
two group-unpaired t test® HAIF}HL, BAH #
94dL p<0.052 YT FTFHH EF 22 (SD),
A 2 JALARA F& Stawiew 512+ prog-
ram2 2 st

& z}
1. HAR|
1) AN FERO| $&I| AZIZFAH(STD

A Yz S48 529 37 3 87
E5 = 0.75m/secEN AT 238 (0.93m/sec) 9l
Hl3] oA @t HF Aure BF 040X

%7) A7 7H4 & PEP7} 87.7msec, AT 121.7msecE
¥ LFATo vl A Rk ETE 283.9
msecZ FE#7He Zol7b AT PEP/ETE URT
oA 031, 5 1¥GFAA 0837, AT/ETE 242
0.43, 0.832 F9% z}o]7} AATH Table 2).

2) SESNZAVRD) S AN 27 HEH
IEYTAA 47 2imsec, 75msecE F 9§ A}ol &
B &, QPCE Aol A QIO A #9 3
2ol 2 B Y I (Table 3).

3) AHB 979 1 YREEE 7o £

Table 3. Echocardiographic estimates of the para-
meters of the isovolumic relaxation time
(IVRT) at the heart rate of 100/min(correc-

ted)
Control PHT p value
n 37 23
QPC(msec) 352+ 49 355+ 59 NS
QTO(msec) 374+ 43 430+ 62 <0.05
TO-PC(msec)  21+29 75+ 23 <0.005

PHT : pulmonary hypertension,
QPC : Q-pulmonary dosure, QTO : Q-tricuspid ope-

ning

Table 4. Echocardiographic data of the peak
trans-tricuspid Gradient

Control PHT p value

n 60 28
Gradient(mmHg)

Meanzt SD 14.28+ 4.45 40.75£19.49 <0.001
Minimum 6 15
Maximum 23 91

PHT ! pulmonary hypertension,
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Table 5. Echocardiographic data of the peak pulmonary regurgitation velocity in 3 groups of normal, RVOTO

and pulmonary hypertension

Control RVOTO* PHT
n 88 31 33
Peak 1.08%0.30 1.52+ 0.384 1.50% 0.758
End-diastolic 0.69+ 0.24 0.70% 0.32¢ 0.89+ 0.58€

Comparison with control group;

A1 p<0.001, B: <0.005, € not significant

RVOTO : right ventricular oudlow tract obstruction, *
PHT . pulmonary hypertension

. mild degree(<30mmHg of pressure gradiem),

Table 6. Summary of the Correlation between echocardiographic data(x) and catheterization results(y) in
the various methods estimating pulmonary artery pressure

n Regression equation r SEE p

PASP

Burstin 34 y=0.81x+13.81 0.92 10.18 0.0001

TR gr 28 y=1.08x— 2.23 0.90 10.55 0.0001

VSD gr 79 y=0.86x+ 7.57 0.83 15.17 0.0001

PDA gr 30 y=0.48x+24.47 0.65 15.09 0.0001
mPAP

Kitabatake 46 y=148x— 5.4 0.89 8.95 0.0001

Dabestani 21 y=1.34x—10.62 0.74 8.81 0.0001
PADP

PR gr 33 y=171x— 2.0 0.79 9.07 0.0001

PDA gr 30 y=0.61x+12.59 0.63 11.31 0.0002

* ! F test, r=regession coefficient, SEE : standard error of estimates, PASP . pulmonary artery systolic pressure,
TR ! tricuspid regurgitation, VSD ! ventricular septal defect, PDA ! patent ductus arteriosus,
gr . gradient, mPAP | mean pulmonary artery pressure, PADP : pulmonary diastolic pressure,

PR : pulmonary regurgitation

A $327) gdFAE B dE2IAA BT 14.28
mmHg(6~28) A1, HEH DILTAME 4075
mmHg(15~9D)2 2 UA FAh(p<0.001)(Ta-
ble 4).

4) A% 9FYeA BN A1 EHS:
BFGe A dE2TAA 1.08m/sec J3 37
= 0.69m/secqth AR (AL -3 59 ¢
mmHg 71T e A4 §E2 A4 &2 314 &
A1 &£%7t o A o, dEW n¥ATFNME o
Z7 ¥ 3 BHEEE o FF72e ¥
2a2cE §98 o7t gk (Table 5).

L e o

2. 57| HSUY

1) Burstin &

Fig. 6041 & u}9} Zo| Bursin W AE2
238 gre DH S AR AA 7 U AHr=0.92). Bu-

100 E]

S 804

I

£

3

I 60

a2

o

Q

5

§ 401 n=34

% L r=0.92

E) SEE=10.18

o 204
0 v v T T
0 20 40 60 80 100

Burstin Estimates(mmHg)

Fig. 6. Systolic pulmonary artery pressure, burstin esti-
mates.

- 825 —



rstin S X oA SmmHgHE 5304 o ¢ A4S
A e 44 AEAAE 18~33mmHg 2 E3tth.
U A qidel M 18E A28 EE 15mmHg ©]
A A7 UA gt

2) AH# 459 HUEEE o8y =
F357] UL GA AER 2P} A BA
EXDG=09)(Fig. 7). ¢Fo] F&FZ =
931, 245 H22PPE 4% ¥
mmHg °}]’%39 3= 2d oA YD YeAls B F
15mmHg "] 7ol o).

100

A

o
rol

e

B
oo
)
o 3

> 80 A

I

£

E

[

_ 60.

2

&

Q

c

2 40 n=28

S a —

g r=090

] s SEE=10.55

S 204 p=0.0001
0 . . .
20 40 60 80 100

TR velocity pressure estimate(mmHg)

Fig. 7. Systolic pulmonary artery pressure, tricuspid re-
gurgitation method. Horizontal axis is pressure
estimate based on maximal regurgitation velo-
city.

80 .

60 - a

catheterization pressure(mmHg)

404 n=79
s r=083
SEE=15.17
204
o
O a
0 20 40 60 80 100 120

Echo gradient(mmHg)

Fig. 8. Systolic pressure gradient on the VSD. Horizontal
axis is pressure gradient on peak VSD-velocity.

3) AAFAEAE AR FTASF 08302
F& AABAE Bed A& F9 239 F40)
AR perimembranous trabecular type 73 A&
H2E5R9 Bzt Ao 7hE FHY RFHR
& 49 F 3ol A e o= AE FHo ZFHY.
FEa7t 245 NS HE Aol A 28y
Um ] e Aede gANgd d-se J
A3t A}(Fig. 8).

4) FHANEA d&0E =&Y AAA dF
@3t HFHEe] F&7] YHAE o] &3 S
HMe Azx30e dxa 2o dgzez ve
ARAAE BAd(r=0.65). ¢} 245 By
SAHAL, TR AN FHFe] AA W
For S A2 YZHAY sdldXe F23H 9
=7t A3t

3. HsSY

AL FERAN £F7] AUWRAGTDE ol &
ste] 23 W (Kitabatake ¥, r=0.89)0] FHE
o] A} 4% Dabestani 3 (r=0.74, SEE 8.81, p=0.
0001) 2.} 4@ @A 7t #4t}. Kiabatake Wi o) A =
BERel #E€FE 2S5 H AN (Fig. 9).

4. H&7| HSHe

4710 JUEEE olgdtd 2HY B3|
AEugte HBAF 0792 AEa Ase} v @A
¥e ABBAE BAT. HB7I%to] B34 saol A
R T BN

80

D
o
L

N
o
"

catheterization pressure(mmHg)
e
S

0 10 20 30 40 50 60
RVOT AT/ET estimate(mmHg)

Fig. 9. Mean pulmonary artery pressure estimated by
kitabatake method in RVOT.
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