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Summary

The metabolism of the skeletal muscles during exercise and recovery was investigated using
phosphocreatinine (PCr) and inorganic phosphate (Pi) in patients with chronic heart failure. PCr/Pi ratio,
which is closely related to the ATP/ADP ratio, and the pH were measured by *'P-magnetic resonance spec-
troscopy (*'P-MRS) during and after forearm exercise in 9 patients with chronic heart failure, 11 patients
with chronic lung disease, and 8 normal subjects. Exercise and recovery scans were recorded every minute
for 4 min.

The PCr/Pi ratio in patients was lower during the recovery period and significantly lower 3 and 4 min
after exercise than in normal subjects. The pH values after exercise were lower in patients, although not
significantly. The PCr/Pi ratio 4 min after exercise in patients was not correlated with parameters of cardiac
function or arterial and mixed venous oxygen tension. Nutritional parameters did not vary statistically
among the groups. Metabolic abnormalities may be present in the skeletal muscles of patients' group, which
are not due to undernutrition, possibly as a result of exercise deconditioning and probably a shift in fiber
distribution (type I | , type IIb 1 ) and a decrease in oxidative capacity.
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The exercise routine consisted of repetitive
finger flexor pulling a lever with the three distal
phalanges at a rate of 60/min. The lever was

hed through a pulley sy 1o a mass
that was lifted a fixed distance of 0.05 m with
each repetition.

Fig. 1. Schematic representation of the exercise routine.
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Fig. 2. Representative spectra of 'P-MRS obtained at
rest (Pre), during exercise (Ei-Es), and recovery (Ri-Rs)
from normal subject (upper), chronic lung disease (middle),
and chronic heart failure (lower) patient groups.
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Table 1. Values of PCr, Pi, and PCr/Pi under rest condi-
tion

PCr Pi PCr/Pi

Control 405.5+96.2 62.8+28.3 5.81+2.03
Chronic heart failure 381.3+70.8 60.6%+19.9 5911248
Chronic lung disease 351.4+68.9 58.4+21.5 6.52+2.88

mean £ SD. No significant difference among 3 groups.

B ZXT FEV,, FEV1%, FVC I3 EIZEH» o 72,
S 612, MEBRHETIEPi: IBEIZE{, Paco: 1T
o7z, Pvo: LB - MRBEETRRE
Molzht, BEEZIFAD LD o7, LHEE, K
RIECHOLPLEEEIIFO Loz, MEIRE
RBETRRE, MEBHTIIMBEICL
RTHEILEr o2, EZREFITRERTH
BIZLL, FEIZE, o7

3. REREERT/NNFIA—2—

Table3 2R T L2, TXTD/NFTA—5—T
EERMIIAEEEIROL 2o/ FLHEERAE
b, *FHEEE38.2+45kg, (LERBRE36.515.7 kg,
PR BB 36.2+60kg L EEEIIED L h o/,

% ®

SEOMFETHRE L OEEE - MiESRRD
DAEBIURBEAENREE L, HBEHEET
HolAlbAhb o, EEHIHEV: PCr/Pi fEITAT
BEICHEXTILDERLIIZEI L, ZORIEITE
BIZEBIE L T\ /e, F 7z, EEHE O pH b K\ E
2RO, EHRFOERHI AN -—KHEELE
Zbhi.

COEEREDO BRI AL F — BB I, W
KODPDERFEZ OIS, AEOHETIE, B
BICRIBEDOARE L HIE L TR v, B
87, LEHARRE, sikifmREEEEHE
THEZEIRL, HARDATIOEEHI AL
F-RBBFEHETE2VWLEZONE, £
7o, MO L HBERGEOET LY, BH
BIAIVF-—REBEIFAONLZL LN S
5. SEIORFRIZBVTIE, EERISERSEEO M

180
1604 O control
A
140 @ ar
o 1204
2 100
gmo 2
G 801 A
® Z
o 80- é
w- U
%
204 A
%

° Pe E1 E2 E3 E4 R1 R2 R3 R4
Fig. 3. Changes in PCr/Pi ratio at rest (Pre), during exer-
cise (Ei+) and recovery (Ri).
*p<0.05, p<0.001, compared with control.
Control=normal subjects; CHF=patients with chronic
heart failure; CLD=patients with chronic lung disease.

PTB E’l E'Z E’S E'4 R’! R‘Z RlCl H'4
Fig. 4. Changes in pH at rest (Pre), during exercise (Ei—
E.) and recovery (Ri-Rs).
Abbreviations as in Fig. 3.

BEUZBL TRV, TVLFRAESTI T4 —%
AWIZRIEIZB VT, L - BALIC BV TIdRE
HLAUAEBEIIBVWGEBBORBOMKEC
EV VI EPHEINTEN, SEIOHERE
i3, MREDOSAILLFHMATEZVERDLNS.
Doz ehs, BRHREOENIZL) B
BOLANF—ELEDEE, HHVIIREZLHL
NTEBHOPFEIENMETLTVEZEIZLS
TEEEIBEO TEVWEEZ LN,
DRBBETIX, EBICERHBEERICEIHE
ZHILEBMONTWSB3, bbb, typelfiber
(actomyosin ATPase 23K <, fREERE IV 2%, B
LEENIEE V) DERILEORD, BLUtypellb
fiber (ATPasel&EATE <, fMERET) 138 V2 ER1L
BEIEV) oMY 5, FAERLRY) CEE
DBRTEELR%E % R/ TEFE (succinate dehy-

—296 —



DR DB AL — 5

Table 2. Steady state lung function, blood gases, and hemodynamic data

Control CHF CLD

Lung function

FEV, ) 2.47+0.73 2.26+0.21 0.87+0.27

FEV1% (%) 75.0£9.1 75.4%2.0 50.0 221, 7%**k*

FVC ) 333094 3.07%£0.33 1.990.74**-***

(%Pred) 100.8+26.1 79.7£28.4 62.9+28.4%*

Blood gas

pHa 7.41+0.04 7.42£0.02 7.40+0.03

Pao: (mmHg) 89.3+11.5 89.5+3.6 67.8 k8. 4*%**xx

Paco: (mmHg) 36.4t34 353%£53 45.5 5. 7%*%%%

pHv 7.38+0.02 7.39%0.03 7.38+0.03

Pvo: (mmHg) 38.7+2.7 37.3+24 36.8+2.9

Pvco: (mmHg) 40.8+3.7 40.5%5.0 49.3+8.76
Hemodynamics

HR (/min) 65.3+8.7 64.7+8.8 74.5+10.4

mean AoP (mmHg) 90.3+6.8 84.9+8.5 91.0£13.6

mean PAP (mmHg) 14.0x2.1 18.4%5.7 20.512.5%*

mean PCWP  (mmHg) 74132 12.3£5.1* 8.5+2.8

mean RAP (mmHg) 49120 8.314.1 69+24

Cl (!/min/m?) 3.36+0.59 2.83+0.52 3.18£0.66

EF (%) 77.5£8.5 55.3+24.4* 69.8£11.5

mean = SD. *significant difference between control and CHF,
difference between CHF and CLD.

**significant difference between control and CLD, ***significant

FEV:=forced expiratory volume in one second; FEV1% =FEV-forced vital capacity ratio; FVC=forced vital capacity; pHa
=arterial pH; Pao:=arterial oxygen tension; Paco:=arterial carbon dioxide tension; pHv=venous pH; Pvo:=mixed venous

oxygen tension; Pvco:=mixed venous carbon dioxide tension;
terial pressure; PCWP=pulmonary capillary wedge pressure;

fraction. Other abbreviations as in Fig. 3.
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Table 3. Nutritional and metabolic parameters

Control CHF CLD

Body mass index (kg/m?) 22.5+3.2 21.3+3.0 19.6+3.3
Magnesium (mg/dl) 22+3.0 2.0+0.2 2.1+£0.2
Creatinine (mg/dl) 1.0+0.2 0.9+0.2 0.9+0.2
Albumin (g/dD) 3.9+0.3 34+04 3.6+04
Total cholesterol (mg/dl) 177.6£39.6 174.9+24.3 182.0+20.8
Hematocrit (%) 41.1+14 37.3+4.7 39.2+4.3
White blood count (/mm®) 6,850+1,587 6,122+1,695 5,982+1,785
Absolute lymphocyte count (/mm?) 2,079+668 2,059+920 1,579+662
Iron (ug/dly 116.4%27.6 80.7+35.6 78.0+26.1
Creatinine height index (mg/cm) 55+1.8 4.8+2.1 47+1.7
Triceps skinfold (mm) 84+4.1 8.8+49 7.5+44
Arm muscle circumference (cm) 244+1.8 23.3%25 21.3+2.6
Forearm muscle circumference (cm) 21.2+1.8 22.7%25 204*1.5

mean * SD. No significant difference among the 3 groups.
Abbreviations as in Fig. 3.
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