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— Abstract —

Background: Left ventricular diastolic filling is an important determinant for
maintenance of cardiac output during hemodialysis. Few investigators have studied the
influence of hemodialysis on diastolic function. To evaluate the change of left ventricular
systolic and diastolic function, we performed M-mode and Doppler echocardiographic studies
before and after hemodialysis.

Methods: The study population consisted of 30 patients(15 patients were male, mean age
45410 years) with CRF on maintenance hemodialysis. They have normal left ventricular
systolic function(Fractional shortening >30%) and no evidence of valvular heart disease or
regional wall motion abnormalities. The ejection fraction(EF) was measured using M-mode
echocardiography and Doppler indices such as peak E velocity, peak A velocity,
isovolumetric relaxaion time(IVRT), deceleration time(DT), and left ventricular ejection
time(LVET) obtained from Doppler echocardiography. The index of myocardial performance
(IMP) was calculated from each of the Doppler velocity indices.

Results: The weight reduction after hemodialysis was 2.1+1.0kg(p<0.0001). After
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hemodialysis, there was some decrease in blood pressure(p<0.05), but no significant change
in heart rate, EF and fractional shortening, mean VCF, peak A velocity, and DT. And
significant reduction in peak E velocity, E/A ratio(p<0.0001, p<0.001), and significant
increase in IVRT and IMP(p<0.05, p<0.0001) were noted.

Conclusion: In conclusion, preload reduction is the main mechanism that accounts for
changes in Doppler diastolic indices after hemodialysis. And an increased IMP suggests that
diastolic function may be aggravated after hemodialysis, and that implies impaired left
ventricular filling and disturbed left ventricular compliance.
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Fig. 1. Pulsed wave Doppler recording of
transmitral inflow velocity and left
ventricular outflow velocity. E=peak
velocity of the diastolic filling wave. A=
peak late velocity (atrial systole). LVET=
left ventricular ejection time. The index
of myocardial performance(IMP)=(X-
LVET)/LVET =(IVCTHIVRT) /LVET. The
IMP of this patient is about 0.413.
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Table 1. Clinical patient characteristics

Parameter Pre-dialysis Post-dialysis P value
Age (yr) 45 10
Body weght (kg) 546+ 7.0 52.5* 6.9 <0.0001
Dur. of CRF (yr) 57+ 3.2
Dur. of Hemodialysis (mo) 51.5+37.5
Blood pressure (mmHg)
Systolic 163.8 £ 15.4 152.6 £ 22.3 <0.05
Diastolic 98.4+ 6.8 90.4+13.2 <0.05
Mean 120.2+ 8.9 111.1+£15.0 <0.05
Heart rate (bpm) 72.5+12.1 74.0 £13.1 NS

Dur:duration, CRF:chronic renal failure, bpm:beats per minutes

NS:not significant

Table 2. Echocardiographic parameters before & after hemodialysis

Parameter Pre-dialysis Post-dialysis P value
LAD (mm) 44,1+ 0.4 41.3% 0.5 <0.001
LVDd (mm) 53.5+ 0.3 51.9+ 0.5 <0.05
LVDs (mm) 33.9+ 0.3 340+ 0.3 NS
IVST (mm) 13.7+ 0.3 13.6 = 0.3 NS
PWT (mm) 12.4+ 0.2 12.0+ 0.2 NS
LV mass index (g/m2) 192.5+48.4 189.7+45.9 NS
Radius/Thickness ratio 4.3+ 0.9 4.2+ 0.6 NS
Fractional shortening (%) 37.0+ 3.8 36.5+ 3.9 NS
EF (%) 59.4+£10.9 59.2+10.4 NS
C.I (L/min/m2) 4.38+ 1.65 4,38+ 1.75 NS
mean VCF (cir/sec) 1.15+ 0.13 1.22+ 0.18 NS

LAD:left atrial diameter, LVDd:left ventricular end-diastolic diameter, LVDs:left ventricular
endsystolic diameter, IVST:interventricular septal thickness, PWT:posterior left ventricular wall
thickness, EF:ejection fraction, C.I:cardiac index, VCF:velocity of circumferential shortening

NS not significant
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Table 3. Doppler parameters before & after hemodialysis

Parameter Predialysis Postdialysis P value
peak E velocity(cm/s) 102.7 £24.6 78.6 +238 <0.0001
peak A velocity(cm/s) 81.4 =£15.2 76.3 +£18.8 NS
E/A ratio 1.29 & 0.37 1.01 £ 0.28 <0.001
IVCT(ms) 44,4 +£27.12 52.6 +34.8 NS
IVRT(ms) 94.5 +204 103.1 £23.9 <0.05
DT(ms) 212.1 =*£41.8 236.7 £55.7 NS
LVET(ms) 320.2 *£25.1 282.8 +25.3 <0.0001
IMP 0.465+ 0.097 0.581+ 0.120 <0.0001

IVCT:isovolumic contraction time, IVRT:isovolumic relaxation time, DT deceleration time of peak
E velocity, LVET left ventricular ejection time, IMP'index of myocardial performance = (IVCT+
IVRT)/LVET, NS'not significant
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Fig. 2. Transmitral inflow and left ventricular outflow recorded from the same patient before(left)
and after(right) hemodialysis. The E-wave velocity was reduced substantially following
hemodialysis(from 101cm/s to 70cm/s), whereas A-wave velocity was only slightly changed(from
80.8cm/s to 82.8cm/s). The left ventricular ejection time was reduced after hemodialysis(from
305ms to 260ms), and the IMP was increased(from 0.377 to 0.654).

313



— Ao oFe AN WA P - dEH -

F%7] 2 ol¢y] 7% AJZ=2 AEHe IMPe
LVETS Z71¢} &7 @43 Z7HE0cHad 2).

i
AN

a

!

ARAZ g9 o 1/30X4E A T Lo
AgolAr olgk7] AelvH(Tei &, 1995) eht
FHA4A olg7)Fel thg Fo] EolXm Yk &
3] HAFEAFYU TARIEA Ay H2ET
ArVel HAA FF7IF0] AAoIRAN HEST
AEAZY 948 FAE Hole A Bel
(Cohen &, 1979) #AA ol&r]%dl tigt A7t
Zol At sEATL ojgy] EF £= Fed
Jae e FoeRE A og &
(Thomas %5, 1991), Z4%¥3HChoong 5, 1988),
Aule(Tliceto 5 1991), 4l Ax AJZHPearson
. 1988)%°] AR, Aupgel WA Ax A7k
HAEA 2 W3] gleug peak E velocity
9] Zthe F2 F4AER] Fae 4l ol
5 Aol F 71Ad o8 AR AT, YFEH =F
Fawgke] 744E Kinet 5(1982)°] H$™ 7]
gto] 12.5mmHgelA 3.lmmHg® #&ste A&
D v Ao, O E VoA HiAe o]
5 Adle EhdMe A £35S HYTEY
o s} W37} fIAY 23l sddde East
ARATHHung =, 1980), A= 127159 Aol
7t A2 ol Zg o9 F7lel(Henrich 7,
1984) 9J3) ZAE += Y-S Aot oA 7kA] EY
o] HAA olrEel dFgE vAte FAE
Hug b} givk. meir] HA4A o|r)F FelE ¢
As AT F A EYEN F peak E
velocity®] 7+49F E/A ratio®] 4y 4wt
o] Ztad 71918 Ao g Ao Aoty gt
B Aol Bzl AXY A9 £%7] 7153
o|¢t7] 71%& BF Wttty BaHm, A% 7
5 Aozt d& o #=A Jehdta ged IMP
(Tei 5, 1997)3ke] F71e AL FHIwN 2}
olt}, B oA IMP ¥W3E 3049 3hAiolA
Aw R 258N Fo @ 7 AL 3Pl =
IMP2] ®¥3l7t A9 fidlx, 230l e Zastt

(18- #14A v, 192 344 b)), S45Y
T 199 FAoA Adgto] A= BA44
HlE 7HA9 relaxation abnormality® 712
gAE2A IMPgel FAAE 0.727414 1.01622
78Ik, welA old Adle HAAA FE Lo
fractional shortening %, $&71%¢ Wil glo|
T4 2 IMPY] F717F A o975 Aozt &
A AL g & ok, AW Abraham %
(1975)9] Hze] wawW FHEAH F pre-
ejection periode] F7F} LVETS #arp A7
AL Bagled o e ¥ A7 IMP 719
& ZAzo|r}, o]EL IMPY 717} @3] 4]
A AR FAHZ he o3 vepd Aoz A
Bate] ztasth old wE #HAlA Hwke] 24}
Starling &3] 93 Jelgctn Bastn gt
mEtx & AR AF FL =9 IMP W3 3
=7F 4% AT deA 2448 E.S’\l.‘_’.\«‘]- R=0.03,
p>0.052.2 4% AV} Qe Aoz et d&
3] ARl gl IMP Z7kd 93& m3tin
#4317 ojH¥

HAENo] o] AW FUGe] AR
peak A velocityZ} Z4% Aoz dFHUAR
peak A velocity®] #¢% Wsh= flc}. o=
Choongs°] nitroglycerin 3% %<t peak E
velocity2] 7471 A% peak A velocityd] ¥
3= AR A /AR Aot} B dAFoM=
A velocity®] W&t &3 AN Sl O
SHA| YeR, ol FA FWekel a9 A #
Aol A (stiffness), FAW #3715 5o
syl BAoz 443 dojd Axz Azdd
(Cohen %, 1979).

Z44 vg) F88 B 699l FxjollA o)k
71% normalQl | 24, relaxation abnorm-
ality 4e] Z3=lo] Jdx, A4AA Hg) 138 F ]
271% normal®] 2%, relaxation abnormality
3%, pseudonormal 4%, restrictive pattern
4%, ¥44 "t 11%8 F relaxation abnorm-
ality 6%, pseudonormal 1%, restrictive
pattern 49o2 vepdm, 244 vjdle] Ao
w} o)g7)% Al AEE «EFF 4 U Aol
M3 AR gadTe AL UF ol BAF &

314



—EARY fA8Y BANA F4 AFe] 244 Doppler AZLTHE o] §3 FSA\He] Wa

44E ¥ F j0Y olg)E Fed] we =4
A%9] Doppler AxLu: A Fe] Wiszle =3 7))
Aol VR Az, A AAAAN T1ge wigle
Hod 439 73S 74 F= QU

A7 AdHezE 9540 A4 A
A T HA4 7% 9L 1A 5 Y g9
WSHE FAAT BRIELA] go} o]E9] Wz}s) o9k
e W FTE ENE S+ 3, F44 b))
#go WE EFU olgrle Foldl wE ERE
Szl i Sz YR Hof shgasA sajola
T AT Aol we TN Afeo) wss
v, #FE 7t A3, $4 % Doppler °] g
71%e AR W3} gksiA e e 298 By
o E FUF AR 7% AEHE R o Be 8
g ez she A7/ Besitkn Azkgd

oo AAE YARY F ARl 7Hho| uwE
HAA o7 Axe| WzleA Evpd: 2 E/Av)
9] 2, IVRT Z7P} Jehin $27)% 2 olg
7IeE W wkdshe Rog geid IMPe Z717)
HEEE, 8N T 53] 44 Sk o] gl
AR Qs 44 2% (compliance)®] Fel7}
W= Aoz sy, e 7% Hrst
o H5sle] A melslold Ao g Alggd,

FO

g_t:

T ARASE A&HEQ AEME slm 9l
A Tat Fee) A 7eRAL Ho|n,
8 FHAA FF71%50) FAolwA o)dr)% Hojut
22 41 ARAE FAA HEE So] Jeh}
7|k P}, B YAYRN T F23 Yo Ms)
7FAZIBR AR AdES A8 Y8k 2l
olgi7) 5ol 83 J&E = Aew LA g
o AAES AR o] HAae] £ D olg]
sl A= GgE golrr] 998 Doppler A<
B AFEE o83 FA AFo) FNY £5 o
o|¢71%s<] WskE v wmEy s},

A2E HAME 44 $2371% FAd] glu
(fractional shortening>30%), 4% %uhaslo]
U A2 349 LN} gler Y 8%

o
=]
=2
-t

315

L= 3

7R wg ARAZE 84 30" (4R 158, @9
45+10A)E tidos ojHA Azgun AHAAES
Algeta, AN Afo J4A &3 U 5
%71 % Doppler AZ&9 =8 o] 43 244 o]
#71%s AEE2 W3t AFsl] BAs

YT T wuke ot ZURBle A4S BY
oy FAA foAe g, ggte 27 gt
o7l "ok Favt YAk AN = 2
B8 A g7 WA Asr) tagled F
Ad #3571 VA9 mrie W) g, Az
4 3 #2U4 FH9) T W} Qe

4 %71% AR Fractional shortening,
#4444 788, F44 4244, mean VOFL &
A AFo) {olg W3E Holx| Yol HoyEMoz
AT U FEAF Wshe AR Pgkok o
HFA F FHA o715 AF] MEl2A peak E
velocity= @A) 3231911, peak A velocity?]
Wshs 414 fe4dol ’ld. E/A ratior 24
81132, IVRT(sovolumic Relaxation Time)e)
7F A2, DT(Deceleration time)e] %3}
€ MY 57 2 ole] V%% AER AeEe
IMP(Index of Myocardial Performance)= 24l
d 78E&9 Uk I EAE) FUE U
olde] ZAFHE FATY 3 AR i w
& 244 o|ls AR Wslzx Evd 9 B/
AM|9] ZH2 IVRT 7Pt yeva 27 7%
2 olg7] 7159 AEZ ol&HE IMPY Z77}
APstnz, AR 5 53 FA4 ogs &
he] syt wAEte Reow A

E

o

rek

I

Abrabam B, Sergio SZ, Robert SM, David HS:
Cardiac effects of hemodialysis: noninvasive
monitoring by systolic time intervals. Am J
Med Sci 269: 189-192, 1975.

Burton BT, Krueger KK, Bryan FAJr National
registry of long-term dialysis patients. JAMA
218: T18~722, 1971.

Choong CY, Herrmann HC, Weyman AE, Fifer
MA. Preload dependence of Doppler-derived



—}EQ - oFe - AWM - WS WAS - HEH —

indexes of left ventricular diastolic function in
humans. J Am Coll Cardiol 10: 800-808. 1987.

Choong CY, Abascal VM, Thomas JD, Guerrero
JL., McGlew S, Weyman AE: Combined
influence of ventricular loading and relaxation
on the transmitral flow velocity profile in
dogs measured by Doppler echocardiography.
Circulation 78: 672-683, 1988.

Cohen MV, Diaz P, Scheuer J° Echocardiographic
assessment of left ventricular function in
patients with chronic uremia. Clin Nephrol 12:
156-162, 1979.

Gupta S, Dev V, Kumar MV, Dash SC: Left
ventricular diastolic function in end-stage
renal disease and the impact of hemodialysis.
Am J Cardiol 71: 1427-1430, 1993.

Hanrath P, Mathey DG, Siegort R, Bleifield W.
Left ventricular relaxation and filling pattern
in different forms of left ventricular
hypertrophy: an echocardiographic study. Am
J Cardiol 45: 15-23, 1980.

Henrich WL, Hunt JM, Nixon JV.
ionized

Increased
left ventricular
N Engl J

calcium and
contractility during hemodialysis.
Med 310: 19-23, 1984.

Hung J, Harris PJ, Uren RF, Tiller DJ: Uremic
cardiomyopathy-effect of hemodialysis on left
ventricular function in end-stage renal failure.
N Eng J Med 302. 547-551, 1980.

Hutchinson TA, Thomas DS, MacGibbon B:
Predicting survival in adults with end stage
renal disease. An age equivalence index. Ann
Intern Med 96. 417-423, 1982.

lliceto S, D’Ambrosio G, Marangelli V, Amico A,
Di Biase M, Rizzon P° Echo-Doppler
evaluation of the effects of heart rate
increments on left atrial pump function in
normal human subjects. Eur Heart J 12: 345-
361, 1991.

Ishida Y, Meisner JS, Tsujioka K, Gallo JI,
Yoran C, Frater RWM, Yellin EL: Left
ventricular filling dynamics: Influence of left
ventricular relaxation and left atrial pressure.
Circulation 74: 187-196, 1986.

Kinet JP, Soyeur D, Balland N, Saint-Remy M,

Collignon P, Godon JP: Hemodynamic study of

hypotension during hemodialysis. Kidney Int
21: 868-876, 1982,

Koren MJ, Devereux RB, Casale PN, Savage DD,
Laragh JH: Relation of left ventricular mass
and geometry to morbidity and mortality in
uncomplicated essential hypertension. Ann
Intern Med 114: 345-352, 1991.

Pearson AC, Janosik DL, Redd RR, Buckingham
TA, Blum RI, Labovitz AJ: Doppler
echocardiographic assessment of the effect of
varying atrioventricular delay and pacemaker
mode on left ventricular filling. Am Heart J
115: 611-621, 1988.

Punzengruber C, Wallner M: Doppler echocard-
iographic analysis of diastolic left ventricular
function in dialysis patients and its relation to
intradialytic hypotension. Klin Wochenschr 67:
826-832, 1989.

Rozich JD, Smith B. Thomas JD, Zile MR,
Kaiser J, Mann DL. Dialysis-induced
alteration in

left wventricular filling:

mechanisms and clinical significance. Am J
Kidney Dis 17: 277-285, 1991.

Ruffmann K, Mandelbaum A, Bommer J,
Schmidli M, Ritz E: Doppler echocardiogra-
phic findings in dialysis patients. Nephrol Dial
Transplant 5: 426-431, 1990.

Sadler DB, Brown J, Nurse H, Roberts J:
Impact of hemodialysis on left and right
ventricular Doppler diastolic filling indices.
Am J Med Sci 304: 83-90, 1992.

Tei C, Ling LH, Hodge DO, Bailey KR, Oh JK,
Rodeheffer RJ, Tajik AJ, et al.: New index of
combined systolic and diastolic myocardial
performance- a simple and reproducible

measure of cardiac function: a study in
normals and dilated cardiomyopathy. J Cardiol
26: 357-366, 1995.

Tei C, Nishimura RA, Seward JB, Tajik AJ:
Noninvasive Doppler-derived myocardial
performance index: Correlation with simultaneous
measurements of catheterization
measurements. J Am Soc Echocardiogr 10: 169-

178, 1997.

cardiac

316



— RN {9y A A B4 Azel A Doppler A&&5%S 0|48 715X ¥ Wal —

Teichholz LE, Kreulen T, Herman MV. Gorlin R: function. Phys Physiol Circulation 84: 977-990,
Problems in echocardiographic volume 1991.
determinations: echocardiographic-angiographic Wizemann V, Kramer W: Choice of end stage
correlations in the presence or absence of renal disease treatment strategy according to
asynergy. Am J Cardiol 37: 7-11, 1976. cardiac status. Kidney Int 33 Suppl 24: S191-
Thomas JD, Weyman AE: Echocardioraphic 195, 1988.

Doppler evaluation of left ventricular diastolic

317



