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Noninvasive Evaluation of Left Ventricular Diastalic
Function in Patients with Ischemic Heart Disease

—Reconstruction of Transmitral Flow Rate and Filling Volume Curve
with M-mode, 2— Dimensional and Doppler Echocardiography—

Kyu Hyung Ryu, M.D.
Department of Internal Medicine, College of Medicine, Hallym University
Dong Woon Kim, M.D., Dae Won Sohn, M.D., Byung Hee Oh, M.D.,

Young Bae Park, M.D., Yun Shik Choi, M.D,,
Jung Don Seo, M.D., Young Woo Lee, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

To evaluate the disturbed left ventricular diastolic filling by pulsed Doppler echocardiogaphy in
patients with ischemic heart disease who have normal systolic function, 117 subjects (50 angina
patients with, 39 myocardial infarction patients with, 28 control subjects without significant coronary
arterial narrowing) underwent echocardiographic examination one day before coronary arteriography.

Besides analyzing transmitral flow velocity curve, reconstruction and quantitative analysis of left
ventricular filling rate and filling volume curves were made from Doppler transmitral flow velocity
curve, 2—Dimensional mitral annulus diameter and M-Mode mitral valve motion.

From reconstructed left ventricular filling rate and filling volume curvs, peak early or atrial filling
rate, ratio of early to atrial peak filling rate, filling fraction during early rapid filling or half diastolic
period and diastolic time interval (esp. Tt from peak early filling rate to its half valve) were
measured. Angina and myocardial infarction group had singificantly lower normalized peak early
filling rate (4.9+ 0.6, 48+ 1.2 VS 6.0+ 1.1 DFV/sec, p<0.005), ratio of early to atrial peak filling
rate (103.6+ 29.4, 120.6+ 3.5 VS 175.5+ 55.0% , p<<0.005), filling fraction during early diastolic peroid
(46.2+ 5.0, 44.4+ 12,6 VS 54.3+ 6.8%, p<<0.005) and filling fraction during half diastolic peroid (56.3

*2 R 8AE 19889 A £87] SetSelA 2RE 1t s

L.

- 651 —



+58, 554+ 14.1 VS 66.6% 7.7%, p<0.005) than those of control group.

Angina and myocardial infarction group had significantly higher normalized peak atrial filling rate
(49+ 14, 50+ 2.0 VS 35+ 0.9 DFV/sec, p<0.005), prolonged normalized Tt (125+ 3.0, 12.0+ 4.0
VS 9.8+ 22%, p<0.005) and delayed isovolumic relaxation time (81.7+ 7.8, 95.0+ 13.6 VS 74.3+ 6.9

msec, p<.0.005) than those of control group.

Affecting factors to pseudonormalize left ventricular filling rate and filling volume curves in myocar-
dial infarction group were mitral regurgitation, left ventricular aneurysm and severe impairment

of systolic function.

In 13 angina group patients who had undergone coronary angioplasty, no difference were found
in any noninvasive diastolic filling parameters before and immediately (24 hours and 5 days) after

the procedure.

Thus, abnormal patterns of left ventricular filling occur in patients with ischemic heart disease
and near normal global systolic function. The decreased peak early filling rate and early filling
fraction occuring during rapid filling and the increased peak atrial filling rate occuring in late diastole
suggest that the patients with ischemic heart disease have impaired early diastolic filling. These
diastolic filling abnormalities are unimproved 24 hours and 5 days after successful coronary angiopla-
sty. These diastolic filling parameters from left ventricular filling rate and filling volume curves
provide useful noninvasive hemodynamic indices for assessment of left ventricular diastolic filling

in patients with ischemic heart disease.

KEY WORDS : Ischemic heart disease - Diastolic function * Left ventricular filling rate * Pulsed Do-

ppler echocardiography.
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Transmitral Flow Valocity
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Fig. 1. Schematic presentation of reconstruction of transmitral flow rate curve

and left ventricular filling volume curve.
AD=mitral annulus diameter + d=mitral leaflet separation distance

t=time
A cm C mi/sec T~
_'- ".‘ A L
. —r - . . >N
b 01 T s \\_r, . _= T
Mitral Leaflet Separation Transmitral Flow Rate
cmvsec T m T
.-—\-\.\ /_‘___/J—
- - ’
[ - N, s
- 4
F] ]
17 17
LV Filling Volume

Transmitral Flow Velocity
Fig. 2. An example of reconstructing transmitral flow rate curve and left ventri-
cular filling volume curve.
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Fig. 3. Measurement of Isovolumic relaxation time.

I H4A4 F0o2 F7] HhF T8 (Peak Atrial
Filling Rate, ©]3} PAFR)Z 31t}
g 271HgF o] 1280 He NS Ty

(Time to Peak Early Filling Rate, |3} TPEFR) 2
3, AN FUEHZAGA §F7] 7] T
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Tw7tA HAA0 Fotd £3E 27] §37] 43
(Early Diastolic Filling Volume, ©|3} EDF)e°|} 3
qom &7 ANRY 128 ARAY §4&
1/287%7] €3 (Half Diastolic Filling Volume, ©]3}
HDF)°l 2} 3t¢lth(Fig. 4).
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o2 Yol HF38%4L(TPEFR/DFT, Ty/DFT),
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(Total Diastolic Filling Volume ©] 3} DFV) &2 149
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Fig. 4. Transmitral flow rate curve (A) and left ventricular filling volume curve
(B) and related measurements.
DFV=total diastolic filling volume ; T¥%(1/2) DF=Tw(1/2) diastolic
filling volume ; T1(1/2, T) DFT=T%(1/2, Total) diastolic filling time
PE(A) FR=peak early (atrial) filling rate 5 T=time in milliseconds.
HDF : half diastolic filling volume
EDF : early diastolic filling volume
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Table 1. Clinical characteristics of the study population

Group
I I1 I

Number 28 50 39
Age (year) 57+7 57+5 58+ 6
Sex (M PF) 235 3713 32:7
Heart rate (beats/min) 64+ 8 66+ 7 65+ 9
Systolic blood pressure {mmHg) 124+ 18 125+ 14 119+ 21
Diastolic blood pressure (mmHg) 72+ 8 73+ 7 69+ 12
Mean aortic pressure (mmHg) 80+ 12 78+ 13 75+ 18
Cardiac index (11/min/m?) 40+09 38+08 3.7+09
*Ejection fractio (%) 76+ 7 74+ 8
LVEDP (mmHg) 6.9+ 32 6.6+ 3.1 845+ 44
Values are expressed as meant 1 standard deviation
LVEDP=left ventricular end-diastolic pressure
*obtained from left ventriculogram using area-length metnod

mi/s ml/s ml/s

(A) _/I\

ml { mi | mi r |

(8)

T T T

I

Fig. 5. Characteristic feature of transmitral flow rate curve (A) and left ventricular filling volume curve (B)

in group I, I and IIL
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ojth, AA #37] $&H(DFV)L Table 29 Z1
ZkEzbel 93 Aol= 91%ith PEFR/DFVS I
6.0+ L1IDFV/sec, II T 4.9+ 0.6DFV/sec, 1T 4.8+ 12
DFV/secZ I, lo] T o Hl&) $3tA 7#4s
ATH(<0.005). PAFR/DFVE 13 35+ 0.9DFV/sec,
T 49+ 14DFV/sec T 50+ 2.0DFV/secE 11,
el 13 vjal F9&tA F7Hd AH(p<0.005,
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Table 2. Flow parameters of left ventricular filling rate curve

Group
I II I
DFV (ml) 789+ 169 76.3+ 254* 80.2+ 10.8*
PEFR/DFV (DFV/sec) 6.0+ 1.1 49+ 06** 48+ 12%
PAFR/DFV (DFV/sec) 35+09 49+ 14" 50+ 2.0**
PEFR/PAFR (%) 1755+ 55.0 103.6+ 29.4** 1206+ 73.5**
Values are expressed as meant 1 standard deviation.
DFV . total diastolic filling volume
PE(A) FR: peak early (atrial) filling rate
* | not significant
5 p<0.005
PEFR/ D P
DFV/Sec / Fv DFV/Sec AFR/DFV
7 1 -
-
6 ' L =
5 - ¢
¢ L ]
4
3 *
—_l %
*
*
2
d:
Iy : i : s i
| i i 1 " 1

Fig. 6. Normalized peak early filling rate (PEFR/DFV) and normalized*peak atrial filling rate

(PAFR/DFV) in Group I, II and IIL
#: mean+1 standard deviation *p<<0.005
DFV; total diastolic filling volume
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Fig. 7. Ratios of early to atrial peak filling rate
(PEFR/PAFR) in Group I, Il and IIL

$: meant 1 standard deviation
*»<0.005

Table 2, Fig. 6). PEFR/PAFRE I & 1755+ 55.0%,
17 1036+294% T 1206+ 735% 2 11, HTo]
[ 2o v Fo8tA 745 A (p<0.005, Fig 7).

A4 4 84719 A#AIZHDFT) Table 3% 21
7t 3o Fo & Aol7t (Ao TPEFR/DFTE 13
153+ 25%, [1F 173+3.1%, I 183+49% 2 1I,
o] 1ol v #98tA F7F A (p<0.005),
Tw/DFT GA] 1T 98+22%, 1T 125+ 31%, T
120+ 40% 2 1I, Mol 179 H& f3A F
7+ A eH(p<0.005, Fig. 8). 534 A ZH(IVRT)
2 [ 74.3+ 69msec 117 81.7+ 7.8msec, I 95.0
+136msecZ II, o] I Hs) fofsiA ¢
5 A th(p<0.005, Table 4, Fig. 8).

A 837 AAFHEEL Table 59 2% 7}
T 98 zol= AT EDF/DFVE 1 543
+68%, [T 462+50%, T 444+126% 2 I,
Mol 1o v3f e atAl ZashAoH(p<0.005).
HDF/DFVS 1T 66.6+7.7%, 1T 563+58%, T
554+ 141% 2 11, o] o vja) folsiAl 2
25 A (p<0.005, Table 5, Fig 9).

MEeA 847 ¢34 T34 L3y
Aol £x7} o]2d Ag #F %‘ T AU #37]
ZFUHEY AT 4FE FE AAE HAIY)
¢ 3} Fig. 79 PEFR/PAFR akol 150% ojo g Z7}d
10419 BAE FAA 1049 A AT A
5ol F4AA FURE FHAL 3 cER A
HRAZE 2oy 1de ZY FAFY $1

Table 3. Time parameters of left ventricular filling rate curve

Group
I It I
DFT (msec) 504.4+ 105.6 532.6+ 142.7* 5054+ 156.9*
TPEFR/DFT (%) 153+ 25 17.3+3.1** 183+ 4.9*
Ty/DFT (%) 98+22 12.5+ 3.0* 12.0+ 4.0**

Values are expressed as meant 1 standard deviation

DFT : total diastolic filling time
TPEFR + time to peak early filling rate

Ty, 5 time interval peak early filling rate to its half value

* 5 not significant
** 5<0.005
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Table 4. Isovolumic relaxation time

Group
I 11 Il
IVRT (msec) 743+ 69 81.7+78* 95.0+ 136*
Values are expressed as mean+ 1 standard deviation
IVRT.. isovolumic relaxation time
* p<0.005
Table 5. Volume parameters of left ventricular filling volume curve
Group
I II I
DFV (ml) 789+ 16.9 76.3+ 254* 80.2+ 10.8*
EDF/DFV (%) 543+ 6.8 46.2% 50** 444+ 126"
HDF/DFV (%) 66.6+ 7.7 56.3+ 5.8** 554+ 14.1**
Values are expressed as meant standard deviation
DFV : total diastolic filling volume
E(H) DF: early (half) diastolic filling volume
* + not significant
“ 5 p<0.005
25 |x  TPEFR/DFT 25 ﬁ% T)i/m:-r 110 |mses  VVAT
-> T
20 20 4 100 -
4
[ ]
15 15 1 F 90
-
®
® L )
10 10 ¢ 80
* S
* -
5 5 4 * 70 1
_J . .
:‘ *
1 it nr i " m i ] 1] ]

Fig. 8. Normalized time to peak early filling rate (TPEFR/DFT)

Time interval from peak early filling rate to its half value (Tw%/DFT) and isovolumic relaxation time

(IVRT) in Group I, I and III
#: meant 1 standard deviation *p<<0.005
DFT: total diastolic filling time
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Fig. 9. Normalized early diastolic filling volume (EDF/DFV) and normalized half diastolic filling
volume (HDF/DFV) in Group I, I and IIL

$: meant 1 standard deviation *p<{0.005

DFV . total diastolic filling volume

Table 6. Factors contributing to transmitral flow rate
curve and left ventricular filling volume cu-

rve
Group I+ Subgroup : PEFR/PAFR>150% 10 case

Associated findings

1. Aneurysm

3. Aneurysm+ mitral regurgitation

5
2. Mitral regurgitation 3
1
4. Global hypokinesia (EF.<35%) 1

I A4 FASE s £ 1dE £37]9
& %ol A4 7)eRAE B
(Table 6).

WAERAES(PTICA) 32 HAA 847]9)
A F ] WeE FAGY Ad13d) e &
AeR2ged AFHALIL 20% oo, A4
Hog 450l &5 PTCA’t B3¢ A$Lgou
PTCAA ¥ IVRT, PEFR/PAFR ¥ HDF/DFVY ¥ 3le

Table 73 Zth. Fig. 109149 %o| HDF/DFVE
PTCARF 2 ¥yt gidlen, PTCA¥ PEFR/
PAFRE $7h5ME EY1 IVRTE #4FHE B
Ao FA4 f9% Wske AT ¥AFE 13
o] PTCA¥¥ PEFR/PAFRY #3l= 9dv A
Ao 4de dat JAAch(Fig 11).

%]

a

AZAA 5719 7150 F4YdE EFdn
A4 8347] 7159 s} #ae F4oly 4
FAE FEgs deng 837)9 7153 g ¢
Adte AL dBHo 2 Ao Aeo} Agd F
Qaprpeenw A &3719 715 4E, £3, 4
Stresss 9 BFAHQA ArRE0] #AQd}7] W H
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Table 7. Serial changes of left ventricular diastolic hemodynamic indices after PTCA

&& ¥e rg

D -1 Dl DS
HR (beat/min) 65+ 7 64+ 6* 66+ 8*
IVRT (msec) 792+ 49 769+ 8.5* 762+ 7.8*
PEFR/PAFR (%) 113.7+ 444 125.1+ 56.8* 1424+ 58.6*
HDF/DFV (%) 59.0+ 7.2 57.7+75* 58.1+ 7.7*
Values are expressed as meanzt 1 standard deviation
D-,5 one day before PTCA D,(5) : one (five) days after PTCA
IVRT ; Isovolumic relaxation Time  PE(A) 5 peak early (after) filling rate
HDF : half diastolic filling volume  DFV: Total diastolic filling volume
* 7 not significant
% msec
100
200 1 | PEFR/PAFR
90
T
150 1
 IVRT 80
100 1

o | b b —— —4 HDF/DFV

A\Y

D-1 PTCA D1 Ds

170

Fig. 10. Serial changes of left ventricular diastolic hemodynamic indices after PTCA

NS not significant
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PEFR/PAFR
%
200+
150+
100+
504 NS NS
b 1 PTCA D1 bs

Fig. 11. Serial change of PEFT/PAFR after PTCA
PEFR : peak early filling rate
PAFR | peak atrial filling rate
NS not significant
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