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Summary - In this study the effects of renal anemia on exercise tolerance and cardiac
function were evaluated in maintenance hemodialysis patients. Twenty-seven patients were
classified into two groups according to hemoglobin concentration (Hb) level (Gi‘oup Al:
patients with Hb 7.0g/dl or more; Group A2: patients with Hb 7.0g/dl or less). Peak
oxygen consumption (Vo, peak) and anaerobic threshold (AT) were measured by cardio-
pulmonary exercise test, echocardiography was carried out and arterial blood oxygen
transport capacity (O, transport capacity) was calculated. Further, the fourteen patients
of Group A2 were re-examined after correction of anemia by recombinant human eryth-
ropoietin (EPO). ' . N "

(1) The exercise tolerance of maintenance hemodialysis patients was significantly
reduced, about 50 per cent compared with the control group, and Group A2 showed lower
Vo, peak and AT level than Group Al

(2) There was a significant correlation between Hb and exercise tolerance, and a
closer correlation was shown between O, transporf capacity and exercise tolerance.

(3) There were significant elevations in Vo, peak(17.6+4.9 to 22.5+4.5ml/min/kg)
and AT(9.8+3.6 to 13.4+3.3ml/min/kg) after improvement of renal anemia by EPO.

(4) Because of improvement of anemia by EPO, left atrial dimension, left ventricular
end-diastolic dimension and left ventricular mass were decreased.

(5) Because of improvement of anemia by EPO, each significant decrease was shown
in heart rate, pressure rate product, blood lactate concentration and plasma norepinephrine
concentration during steady-state exercise.

These findings suggest that patients with anemia who are undergoing maintenance
hemodialysis show remarkably decreased exercise tolerance, and correction of anemia by
EPO improves cardiac function, exercise tolerance and neurohumoral response to exercise.
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Table 1. Clinical profiles of patients on maintenance hemodialysis

HD
Group Al Group A2
ftem Allcases  py>70g/dl Hb<7.0g/dl
Number of patients 27 12 15
men/women 16/11 8/4 8/7
chronic glomerulonephritis 25 11 14
polycystic kidney disease 1 1 0
uncertain 1 0 1
Age 47.1% 7.9 44,5+ 9.4 47.4+ 7.9
Duration of hemodialysis (mos.) 50.4+34.5 45.0+£27.9 54.7+38.5
Hemoglobin concentration (g/dl) 7.4%.1.6 8.8+ 1.4 6.2+ 0.5

Abbreviations ; HD ; hemodialysis, Hb ; hemoglobin concentration
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CHLTA 2 HRIERCEELR L
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Table 2. Exercise tolerance in maintenance hemodialysis patients

Grou Vo, peak AT WL peak O,pulse peak
P ml/min/kg ml/min/kg watts ml/min
C 38.0%£5.6 19.0+3.4 135.9+19.0 15.6+2.6
HD 19.4£6.3**  11.1%4.0** 71.6+16.6%* 7.1£2.6**
#*p <0.01
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Fig. 1. Oxygen consumption (Vo, peak, AT), peak work rate (WL peak), peak oxygen pulse
(O, pulse peak) for groups C, Al and A2. *p<0.05, **p<0.01.
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kg A% 13.4+3.3ml/min/kg i8N L7 (p<0.01). AT
1% EPO # & il ¢ Vo,peak ® 55.7 %, # & # T Vo,
peak D 60.0 %icHEY L 7.

% 7 WLpeak 1% 67.3 = 16.8watts 2> b 81.5 £ 17.
Twatts 12, O,pulse peak 1% 6.6+2.4ml/min 25 8.2+2.
8ml/min Iz ZEhEM L1z,

(3) DIIfTEIREYS X OB HERF 0ZE1L

DEE R M TERE

EIfDOHEIC X - THIAK X 86.3£12.0/min 225 80.
5+10.6/min g4 L, SFHIME S X OREHmER E
F LA UEIMEREL e oo, MEORE LR
DIcDIEEEOEE H BB E LIFERIR e » T, CI
125.4+2.4 8/min/m?% % 4.14+1.6 &/min/miciBA L,
TPRI % 1284 £ 251dynes * sec * cm™®/m?%> 5 1980 +
419dynes * sec * cm~%/m2IZBE A L 7.

BhIR M0 B E B M AE 1% 657.3+150.1m]/min 225 773.3+
190.1m1/min 3 L 7z (Table 4).
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EPO Ha#IC & %= 2 —[FEE D ZE (L% Table 51
L.

M osE It > T LAD 23.9+0.4cm 25 3.2+0.
4cm 2, LVDd 1% 5.3+0.4cm 225 4.8+0.4cm i\~ TTh
HEEHM L (<001, LVDs i35 #EHE R %= L.

Table 3. Hemodynamic parameters and arterial blood oxygen transport capacity

at rest for groups C, Al and A2

Parameter Group C Group Al Group A2

T " *k :

HR beats/min 72.8+9.5 82.7£9.5 85.1+11.5
T * 5 * i

MBP mmHg 81.6+5.0 108.3£11.6 90.1+19.5
T " * !

PRP X10*mmHg/min 8.6+£1.6 12.5+2.3 11.0+2.6
: " ok :

CI //min/m? 2.9+£1.2 4.7+1.8 5.7£1.7
" * )

*
TPRI dynes*sec*cm™/m? 23894318 1973 +£352 1310£253
O,transport capacity ml/min 901.1£223.7 899.5+218.0 679.2+£156.1

Abbreviations : HR ; heart rate, MBP ; mean blood pressure, PRP ; pressure rate
product, CI; cardiac index, TPRI; total peripheral resistance index, O,transport capac-
ity ; arterial blood oxygen transport capacity. Group classification is as Table 1. All

values are mean+SD. *p<0.05, **p<0.01
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Fig. 2. Correlations of hemoglobin concentration to Vo, peak (upper left) and AT (upper right),
O, transport capacity to Vo, peak (lower left) and AT (lower right).
Abbreviations: Vo, peak ; peak oxygen consumption, AT ; anaerobic threshold
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LVFS 1%36.1+3.9 %45 31.4+5.7 % & F L (p<0.
05), LVWTh 324U 72ds» 7oAy, LVmass (% 289.3+
69.7g A3 B 227.7+43.7g WWEA L 1= (p<0.01).

DEEEFH AR MTERE

30watts & & EB A MR I B MERTH oL
117.9412.6/min »>% 102.5+30.4/min iz, —E# (PRP)
1%19.8 X 10°mmHg/min #* & 16.6 X 10*’mmHg/min i
W HET U723 (p<0.05), SFHImE, CL kL 7z
2o de. BYIRIMERSEEMRAE (L 707.4 £152.3ml/min 2 5
1064.7+270.3ml/min 80 L 7= (p<0.05).
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Table 6 IK™F & 5 ic, BMOBERMRT, KHRKO
BHRERTF I L Rd o 7edd, EEEBATR O Mt
PLER{E L 4.07+1.18mmol/1 25 2.58 +0.85mmol/1 iZ,
A= R 7 ) VEEX1.2710.42ng/ml 225 0.98+0.
28ng/ml 2 & I L= (p<0.01).
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BITEANG « BECEOR LE &L CHEEHAZEDT
BRIEBLLHEIRTE . Lal, HESHEEZDA
FHHEEBEH L ALVEL, BEEBCHBREZFCH
H 19, AFOE (quality of life; QOL) 23R 7abh T\ 5
ZENEHERTWE. Blcbl- s BEREY—BE
BHTb DI 57201t QOL D EARITRTH b,
ZORED—o & L CEBMAICET 285 & zoHk
EHLEOMEINRD LR T 5.

ERBETEE Y, KERERY  -R@E7 V-2
BHEEMLED X ) BRBPWERSCBMIE « ~+ v b
BRI L HBEEATO X 5 nFMERCINZ, BHS

£ #

E DR EOAMIME MBI N TR Y, BHALIM
FBRERIEFETEEIIARE . L BONRERRS
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BB BT +5C e s &L S EEERNOETER &
wich, ¥, EMORNEDRAERECEBEES O
HIEBHIRIC X - TLIMER, B#HH deconditioning
DRRBIZHED & & b HFEENETO—HEE LD
ns.

1. HMERRENTEE O EBMTARE

(1) EBMAMEDOTRE :

A RERE (Vo,max) & Vo,peak : %% DEE)
AR IR AARIENE 2 EE L LTIMES h T\ 52,
ERBETURAEHATRE CAWMTERVWZ LB
V. BEREBERNHEETSE, RERANOBEEEL
TEEW RN CEE AP LT LE SRS D,
Vo,max ZEMICRIET 5 = L ARETH B0 T, KT

Table 5. Changes in echocardiographic parameters
before and after EPO treatment

Before EPO After EPO
LAD cm 3.94+0.4 3.2£0.4**
LVDd cm 5.3+0.4 4.840.4**
LVDs cm 3.4+0.4 3.3+0.4
LVWTh cm 2.3%£0.2 2.240.2
LVFS % 36.1+3.9 31.445.7*
LVmass g 289.3+69.7 227.7+43.7%*

Abbreviations : LAD; left atrial dimension, LVDd ;
left ventricular end-diastolic dimension, LVDs; left
ventricular end-systolic dimension, LVWTh; left

* ventricular wall thickness, LVFS; left ventricular
fractioning shortening, LVmass; left ventricular
mass. All values are mean=+SD. *p<0.05, **p<0.01

Table 4. Changes in hemodynamic parameters and arterial blood oxygen transport capacity

before and after EPO treatment

Before EPO After EPO
Parameter
at rest at 30W-ex. at rest at 30W-ex.
" * 1
MBP mmHg 84.41+18.8 99.8+21.2 93.9+17.6 100.4+21.8
. *
I r >l= 1
PRP X 10®* mmHg/min 10.7+2.9 19.8£6.0 10.3+2.2 16.6+4.2
' r *%k 1
CI //min/m? 5.412.4 5.9+2.0 4.1£1.6 5.6+2.6
r * !
TPRI  dynes+sececm™%/m? 12841251 15484319 19804419 17494469
*
r ; * )
O,transport capacity ml/min 657.3+150.1 707.4+152.3 773.3£190.1 1064.7+270.3

Abbreviations: HR ; heart rate, MBP ; mean blood pressure, PRP ; pressure rate product, CI ; cardiac index,
TPRI; total peripheral resistance index, O, transport capacity ; arterial blood oxygen transport capacity.

All values are mean+SD. *p<0.05, **p<0.01
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Table 6. Changes in humoral factors before and after EPO treatment
Before EPO After EPO
Parameter
at rest at 30W-ex. at rest at 30W-ex.
PRA ng/ml/h 10.97+11.27 11.84+11.80 10.194+7.96 10.74+8.66
PAC pg/ml 940.0+1524.2 1063.4+1677.9 652.7+689.4 753.94878.4
PAGII pg/ml 31.6%27.3 34.9£26.9 29.5+25.4 25.0+£18.9
PE ng/ml 0.076+0.051 0.115£0.072 0.062+0.042 0.09340.047
r ko 1
PNE ng/ml 0.65+0.25 1.27+0.42 0.64+0.29 0.98+0.28
r ok )
LA mmol/1 1.4140.39 4.07+1.18 1.18+0.34 2.58+0.85

Abbreviations : PRA ; plasma renin activity, PAC ; plasma aldosterone concentration, PAG II ; plasma angioten-
sin II concentration, PE ; plasma epinephrine, PNE ; plasma norepinephrine, LA ; blood lactate. All values are mean

+SD. **p<0.01
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