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Change in Cross-Bridge Activation
Rate Constant (Kac) After Six-Minute
Walk in Patients With Heart Failure
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Takako SAOTOME
Naohiko KOBAYASHI
Shigeru YAGI

Cardiac adrenergic activity is increased in patients with congestive heart failure (CHF) and is exces-
sively increased during mild exercise. Changes in cardiac adrenergic activity were examined in normal
individuals and patients with CHF before and after mild exercise using the cross-bridge activation rate
constant (Ka), which may represent the adrenergic activity related to the working left ventricular myocar-
dium. Ten normal volunteers and 31 patients with stable CHF underwent echocardiography. The left
ventricular ejection fraction (LVEF) was measured in all the CHF patients using left ventriculography or
radionuclide cineangiography. The patients were classified into two groups: group 1 with an LVEF=
50% (n=16) and group 2 with an LVEF<50% (n=15). The cause of CHF was old myocardial
infarction in 25 patients and dilated cardiomyopathy in 6. All subjects exercised by walking for 6 min
after resting in the supine position for 30 min. The blood pressure, electrocardiogram, phonocardiogram,
and M-mode echocardiogram were recorded simultaneously before and after exercise. The values of Ka
and Kac (Ka corrected for the individual heart rate) were calculated from the QS2 interval and the heart rate
(HR) as follows: Ka =3/QS2 interval, and Kac=Ka +0.0249 (66 —HR). Before exercise, the HR was
significantly higher in group 2, but the Kac value showed no significant difference between all three
groups. The increase of HR with exercise (AHR) and the Kac value after exercise were not significantly
different between all three groups. However, the ratio of the increase of Kac to the increase of HR (AKac/
AHR) was significantly higher in group 2 than in the normal volunteers (0.029+0.028 vs 0.058 +0.025
sec”! - bpm™, p<0.05) and group 1 (0.037%0.015 vs 0.058+0.025 sec” - bpm™, p<0.01). These
findings suggested that the ratio of the increase of Kac to that of HR is a useful parameter for classifying
the severity of CHF and for investigating the difference between the cardiac adrenergic activities to left
ventricular myocardium and to sinus node in patients with CHF.
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Table 1 Clinical characteristics of the patients

Control CHF 1 CHF 2
No. of patients 10 16 15
Age (yrs) 269+100 58.1*+84* 57.21%14.1*
Sex (male/female) 5/5 13/3 10/5
LVEF (%) — 59.3+£9.1  32.5+84%
Cause of heart failure
MI/DCM — 16/0 9/6
Treatment
Calcium antagonists — 14 15
Isosorbide dinitrate — 16 14
Antiplatelet agents — 16 13
Diuretics — 0 9
Alpha-adrenergic
antagonists —_ 0 1
Centrally acting
adrenergic antagonists =~ —. 0 1
Antiarrhythmic
agents Ia/Ib — 0/1 2/4

*p<0.01(control vs CHF 1), *p<0.01(control vs CHF2), *p<0.01
(CHF 1 vs CHF 2)

Control=normal individuals; CHF 1=patients with congestive heart
failure and LVEF=50% (group 1); CHF 2=patients with congestive
heart failure and LVEF<50% (group 2); LVEF=left ventricular
ejection fraction;, MI=myocardial infarction; DCM=dilated car-
diomyopathy
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Fig. 1 M-mode echocardiograms obtained at rest (A) and after exercise (B) with simultaneous recording of the

phonocardiogram (PCG) and electrocardiogram (ECG)

Ded =end-diastolic dimension; Des=end-systolic dimension;

ventricular posterior wall
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IVS=interventricular septum; LVPW =left
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BATEMIZ X B Kac BN % LIEEIE NS Tl L 7-
i, 37%b5 Kac HINZFE (AKac/AHR) 13/ LAEEE 2 B
TEEICEELZR L, ZOFHEIITRED 25 TH -
72 (0.029£0.028 vs 0.058 +0.025, p<0.05; 0.037+0.015
vs 0.058 +0.025 sec™'* bpm™!, p<0.01).



456 &% - TH - Bk 3n

Table 2 Comparison of cardiac parameters and vital signs

Control CHF 1 CHF 2
Rest After Rest After Rest After
Distance walked in 6 min (m) — 559 £55 — 431 +68%* — 407 ST %
Heart rate (bpm) 614 *£9.6 80.2 +13.6 64.8 +11.6 782 *+18.2 72888 85.6 £9.6
Systolic BP (mmHg) 1145 =115 134.0 £11.9 124.0 £12.7 1405 *+21.7 116.8 £14.0 126/0° £27.7
Diastolic BP (mmHg) 66.0 £10.9 72.1 £14.5 78.0 £12.3* 78.0 +13.3 75.0 £12.9 75.7 =102
LVDd (mm) 438 +4.2 — 49.2 +6.8* — 60.6 +9.8++H* —
LVDs (mm) 29,7 £3.5 — 36.9 +6.7* — S1I9E=E0 7t 3% —
IVS (mm) 9.4 0.5 — 9.3 +1.8 — 8.7 E115 —
LVPW (mm) 9.0 +=0.6 — 9.0 1.1 — 9.4 0.7 —
QS2 (sec) 0.39%0.02 0.34+0.04 0.39+0.02 0.35%0.03 0.38%0.02 0.34+0.02
Ka (sec™) 7.67+0.48 8.81%1.18 7.680.60 8.47+1.00 7.821+0.41 8.82+0.57
Kac (sec™) 7.78£0.33 8.45+0.92 7.70£0.37 8.160.60 7.651+0.36 8.32+0.47
AKac/AHR (sec™ -bpm™) — 0.029+0.028 — 0.037£0.015 — 0.058+0.025+%*
*p<0.05, *#p<0.01 (control vs CHF 1), *p<0.05, **p<0.01(control vs CHF 2), *p<0.05, ¥*p<0.01(CHF 1 vs CHF 2)

BP=blood pressure;

lar posterior wall; Ka=cross-bridge activation rate constant;

LVDd=left ventricular end-diastolic dimension;
Kac=cross-bridge activation rate constant corrected for heart rate;

LVPW =left ventricu-
AKac/AHR =

LVDs=left ventricular end-systolic dimension;

ratio of increase of Kac to increase of heart rate during constant exercise. Other abbreviations as in Table 1 and Fig. 1.
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Ratio of increment of Kac to heart rate

Cc CHF1 CHF2

Fig. 2 Comparison of the ratio of the increase of Kac to the increase of
heart rate during exercise (AKac/AHR) in the control group,
CHF group 1, and group 2

The AKac/AHR value was significantly higher in CHF group 2
than in the other two groups.

*p<0.05

Abbreviations as in Table 1.
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Kac=Ka+0.0249 (66 —HR)
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B IERE L VEFETRO O NS, SEOR
FETIE, ZEZ D electromechanical systole (QS2) % = D
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L7:. EHAEMT X M6 SMSfTr Ay, HITAFRRICLE, LEX, LEFH, ME-F
LI a—XEFERICEEHL, QS: B & L%k L ¥ Kafl (Ka=3/QS: FEfl]) & € D.LARIIE L 72
Kac {8 (Kac=Ka+0.0249 (66—HR)) % K& 7:.

R, OHABIIOALE 2B THREBIUE 1 BX )V EETH o 7205, Kacllid 3 BEMIC
AEZIEDON Do, BITAEMICL 2.0AFEMC B Kac fHIZ 3 BBICEEZIIA
SN oA, BITEMIC L 5 Kac IS (AKec) % AEIEINS (AHR) THR L 7-1E, $74b
B Kac 15 (AKac/AHR) (3 /0AEEE 2 BETHEEICHIETH - 72 (0.0291+0.028 vs 0.058 +£0.025, p
<0.05; 0.037=£0.015 vs 0.058 +0.025 sec' - bpm~, p<0.01). L7255 T, KacH¥IMFIILALE
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