
ABSTRACT 

KARLSDO'ITIR, A. E. Left vcntricuk function during anobic and resistance exercise. 
MS in Adult FiWCardiac Rehabilitation, December 2000,63pp. (C.Foster). 

Ra6shmc exercise (RE) has become an imp&ant component of d ~ c  dmbilitation 
piognms. However, the potential for exaggerated BP responses during RE raiscs 
amcans about the stability of LV fuaction during RE. To address this, we studied 
herwy controls (HC) @J = 12,8M/4F). patients with stable coronary srtay dimsc 
(CAD) @J = 12,l IWlF), and patients with stable heat fpilurc (CIIF) &I = 12,7M/5F). 
Ss were sludied during upright cycling at 90.h of ventilatory threshold and during 1 set of 
10 repetitions of RE (leg press, shoulda press, and biceps curls) m the upright posture. 
Lcfi vmtricular fimction was measured by echocadography, BP was mersund by 
auscultation, and HR by radiotelemetry $ nst and PC& &acise. Despite significant 
hanodvnrmic chrn~e~  firom r#d to D& the Lv fimctiOn # &ble with IKI 
s i ~ E I I L t ~ ~ ~ " % o m n s t t o p c j i i n ~ ~  e j ~ o n ~ ~ n d s y s t o l i c a n t i ~ a d  
diastolic ~~ or systolic and diastolic wall thickna. Thae was m i n d m  
between exexcise ty& rad group; all groups showed hdmmta l ly  similar behavior - - 
pattans during ail-&erc&. This suggests tht RE is aa safe as aerobic my-s ta te  
exacise in thwc patient groups and may be included in thcir cardiac rehabilitation 
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INTRODUCTION 

Backmund 

Cardiac rehabilitation recommendations have changed a great deal over the last 3 

decades. In contrast to the almost complete bed rest prescribed 30 years ago for patients 

during the first weeks following a cardiac event, contemporary cardiac rehabilitation 

starts much earlier and progresses more rapidly. Earlier mobilization of patients enables 

them to rctum to work and recreational activities much sooner and minimizes the impact 

of heart disease on their quality of life. 

Steady-state exercise has pmven to be beneficial and safe for cardiac patients and 

is the type of exercise training that is most widely used. The focus of recent studies has 

bem to detcnnine the additional types of exercise that could be added to steady-state 

aerobic exercise to further increase functional capacity in a shorter time period without 

increasing the risk of cardiac complications. Meym ct al.' have dcmomtrahl that 

interval training is well tolerated by cornnary srtcry bypass graft patients and ~ccelcrates 

the rate of recovery. 

Resistance training has traditionally been wntrsindicatcd for cardiac patients. It 

was not even mentioned in an exercise pmaiption chapter fium 1980.~ However, since 

it is clear ha! activities of daily living requim both endurance capacity and m u c k  

strength, rccent studies have been conducted to examine tbe effects of mbtame tnining 

oncardiacpatients. Thercsultshaveshownthatrc8icrtsncetnining.ppcmtobcsafefor 



low- to intermediate-risk cardiac patients. The hemodynamic loads arc similar to those 

obsmcd during traditional stcady-state exercise training.'" A combination of endurance 

and resistance training has been shown to enhance the rccovcry of functional capacity 

and is now widely mrnmcndcd for cardiac rehabilitation patients. 

Traditionally it was thought that rehabilitation was not of benefit to patients with 

congestive hart failure (W) because exercise placed too gnat of a strain on their heart 

muscle. However, rcccnt studies have shown that patients with stable CHF benefit from 

cxercisc training, just as low- to intermediate-risk cardiac patients do. Patients with CHF 

have been shown to benefit h m  low-intensity endurance training and show i a d  

exerciw capacity, qpamtly because of an increase in mitochondrial density and 

oxidative capacity of thc skeletal muscles. They also demonstrate a shift &om type I1 to 

typc I muscle fiber distribution . ~ a  training."'O Further, rehabilitation has been shown 

to impmve the quality of life for patients with CHF."'" Finally, interval lmining has 

been shown to be well tolerated by patients with CHF and to result in greater 

improv~l l~~~ts in functional cnpacityl3, without innppropriately areasing the left 

ventricle." 

Thc d c t y  of mhtmcc training for CHF patients is still in q d o a  It is known 

that adur;mce tnining alone does not enhmce skeletal muscle strength." 0n the other 

hsnd, rtnrcturPl and metabolic changes in thc rlre1eW m u l e  account for much of thc 

d e c n t r c i n C X ~ ~ t Y h ~ ~ w i t h ~ .  16-18 ~ , f C 3 k h X ~ $  

~ O u l d b e e x p e c t e d t o b e n c f i t ~ p a t i e n t ~ .  ~tmditlinc1udingbathadurPlce 

a n d r c d r t r n c c ~ f o r p r t i e n b w i t h C H F , ~ v e s h o w n t h r t b d h t y p g o f ~ ~ e  



well tolerated and result in an increase in muscular strength and endurance.'%" 

However, resistance training is still generally contraindicated in patients with CHF 

because the potential elevation in afterload during lifting is considered dangerous for this 

group. Limited data regarding central hernodynamics in normalsz and in patients with 

heart diseasez3 suggest that afterload remains high during upper-extremity exercise. At 

the same time, recent measurements of central hemdynamics during lower body 

resistance exercise in patients with CHF suggest an appropriate decnasc in &load.2435 

Further, measures of left ventricular (LV) function in patients with wronary artery 

disease (CAD) during isometric weight lifting do not suggest serious 

The results of interval training studies imply that paticnts with CHF seem to be 

able to tolerate much higher exercise intensities than was previously thoufit; th'aefore, 

co~.temporary guidelines may underestimate their capacity. Since upper-body resistphce 

exercise may finther contribute to fimctional recovery in patients with CHF, this study 

was designed to evaluate the stability of LV function during upper and lower body 

mistance exercise in patients with CHF in comparison to cycle ergometry. 

METHODS 

The study protocol was approved by both the University of Wisconsin-Lo Chase 

and Fransiscan Skemp Hcalthcarc Institutional Review Boards for the Protection of 

Human Subjects prior to any contact with psrticipmts. Each subject provided informed 

wnsent (Appendix A) prior to participation. All tesbhg was conducted at FrrncircM 

Skanp Hcalthcare except for the incremental exercise test on the healthy nlbjccts. 



Subjects 

Thm groups of male and female subjects, aged 23 and older, were mmited for this 

study. Physical cbarscteristics of all subjects are summarized in Table 1. 

TABLE I Mean ( f SD) Physical ChmctmMcs of Patticipants 

CWgroup CAD- Hdygroup 

Age m) 62f 9 69f 9 29f 8 
Height (an) 171 f 10 177f 8 177k 7 
wcieht (Lg) 85 f 15 85 f 14 75 f 14 

Mrxirmrmex&clpecity 
I'O=0Utpd(W) 90 f 34 132f 37 267 f 58 
Oxygen uptake (dk&@ia) 15.3 f 4.2 21.2 f 3.7 41.8 f 7.7 
Hcmntc@ardmin) 148 f 33 140f 12 178f 11 

VeatiLtoryThlWhoM 
- 0 U t p d o  50 f 25 69 f 22 145 f 50 
0V.m llpbke ( W m i n )  10.2 f 2.5 13.5 f 2.5 . 27.1 f 7.1 

9 0 S C o f V e n t i L t o r y ~  
Worlrntc(W) 39f 19 59f 19 129 f 44 
OXYm llpbke ( W m b )  9.1 f 2.2 12.1 f 2.3 24.2 f 6.4 

The group ChaIactnistiCs wcrc as follows: 

CHF mow. Twelve subjects (7 males and 5 funalcs) having stable CHF of NYHA clur 

I - I1 were d t e d  h m  the Cardiology Dcparlmcnt at Franciscan Skrmp Haltham in 

La Crossc, WI and from the phase III Cardiac Rehabilitation Rogram at the Univcmily of 

W i L a  Crollse. The average (i SD) sitting resting LV ejection hctkm wm 35 f 

8%. AUpodiabhadnperid~1epfiof.cuteWfrilure.butMban 



clinically stable for 2 8 wks. Six patients were participants in a regular exercise training 

program prior to entering the study. 

CAD group. Twelve clinically stable patients (I l males and I female) with ischemic 

cardiovascular disease but with minimal LV dysfunction and no history of CHF were 

recruited from the phase IU Cardiac Rehabilitation Program at Franciscan Skemp 

Healthcare in La Crosse, WI or h m  the phase IR Cardiac Rehabilitation Program at the 

University of Wisconsin-La Crosse. The average (k SD) sitting resting LV ejection 

fractionwas51 f 11%. 

Healthy group. Twelve clinically healthy subjects (8 males and 4 females) were 

recruited from the faculty and students of the University of Wisconsin-La Cmm. The 

avcrage (f SD) upright resting LV ejection h t i o n  was 63 f 8%. 

The CHFICAD patients were on the following medications: angiotensin convdng 

enzyme inhibitors 911, beta blockers 817, alpha blockers 011, calcium channel blockas 

110, diuretics 911, digitalis 810, ni- 114, anticoagulants Ill9 and anti-lipidemics 6/9: 

AU patients continued with their usual medications during all pmcedwes, as the plnposc 

of this study was to evaluate responses undcr conditions rqmmtative of rehabilitation 

prograal conditions. 

Two of the patients with CHF were in atrial fibrillation that was weU condroUcd and 

did not intafere with any of the testing. No patient had angina, ECGmidmcc of 

ischemia, bemodynamically significant valvular disease, serious venbriculrr m h y t h b ,  

orthopedic disorders, neurological disorders or pcripkd vascular d k a e  Uut limited 

cxacise. 



Tests Prior to the. Study 

Resting spiromctry was performed to exclude subjects with serious pulmonary 

obstructive disease. To be able to estimate the work load during cycling, and to rule out 

possible ischemia, all subjects initially underwent a maximal incremental cycle ergometer 

cxacise test on an electrically braked cycle ergometer (Lode, Groningen NL) with 

mcasuns of respiratory metabolism using opm-circuit spiromctry (Quinton Q-Plex, 

Seattle, WA). Pdcipmts were seated for the first 3 min to obtain resting oxygen 

uptake. After a 3-min wann-up of unloaded pedaling, the power output was incrtased by 

10-25 W every min, depmding on the participant. During this test the 12-lead ECG and 

blood preswae were monitored according to conventional g u i d e l i .  

Protocol and ploceduns 

Thc subject groups w m  tested in the following order: healthy controls, stable 

d a c  patients, and CHF patients. This sequencing was designed to insun that the 

tcchuical hurdles acquiring echocardiographic images during cycle and resistance 

exercise had been solved prior to studying the potentially more W l e  patients with CHF. 

AU m c i p m t s  W- tested fiom 1-7 dny~ efts the w t a l  CXCIC~SC Wt. Both the 

cycle mistarm pm&coIs were designed to be similar to a ngulP exerck tniaing 

session. Subjects completed the. 15-min cycling protocol first. A 3-min wam-up puiod 

on the cycle at about 35% of their maximal cxacisc capacity was followed by 12 min of 

cycling at a powa output q u k h g  appmximately 90% of their ventilatory thrwhold, u 

detamiaedfromtheimxcmentllexncise~ Aftcrcyclingtheydbridly. They 

t h e n ~ t h e ~ ~ c a c i ~ i n t h e f 0 U o W i n g o r d a : l q p r a a ~ r  



machine, and shoulder press and biceps curls using free weights. The shoulder press and 

biceps curls were done unilaterally to facilitate echocardiography and blood pressure 

measurements. Prior to each resistance exercise, the 1 repetition maximum (RM) was 

determined. The exercise required for the 1 RM determination also sewed as a warm-up. 

Each participant then performed 1 set of 10 repetitions of each of the 3 exercises at a 

resistance of 60-70% of their 1 RM. 

Measurements Taken During Testing 

Resting blood pressure, heart rate, and echocardiographic images were obtained 

while sitting upright on the bicycle. Blood pressure and heart rate were measured &CT 

the 3rd min of warm-up and at the 5", 10" and 15" min of the cycling exercise bout. 

Echocardiographic images were obtained at the s", lo", and lSm min. Heart rate, blood 

pressure, and echocardiog&hic images were obtained at rest, prior to the resistance 

exercises, with the participant holding the weight. Heart rate, blood pmme, and 

echocardiographic images were also obtained during the last 5 repetitions of each 10- 

repetition set. The blood pressure was measured on the wn-exercising am (left arm). 

Echocardiomhic Technique 

The LV functional images were acquired by using two-dimensional 

e c h d o g r a p h y  (Acuson Corporation, Mountain View, CA). The left ventricular cad- 

diastolic and end-systolic dimensions were measured from the perastemrl long-axis view 

just below the level of the mitral valve. Antawcptal and posterior systolic and diastolic 

wall thickness was also measured hm the pamteml long axis just below the level of 

the mitral valve. Ejection h t i o n  was caIculatcd sccOrding to Scbilla et dZ7 We chose 



to make echoadographic measurements in the upright position using the parastcmal 

long axis view iostead of the more echocardiographically optimal apical 4 chamber view 

in the supine left lateral decubitis position because we were primarily interested in 

optimizing the hanodyoamic respouses to exercise and in simulating the circumtaoces 

of rehabilitation exercise session In our view this need took p d c o c e  over more 

optimal imaging conditions and is accepted as a limitation of the study. 

Statistical Aelv .is - 

Statistical comparison betwem groups, exercise type, and trials (rest and peak) 

were made usiog a 3-way ANOVA with repeated measures. Because there were oo 

si@caot 3-way interactions, a 2-way ANOVA with repeated measures was conducted 

for each group eomprring exercise type and trials. Specific painvise comparisons for 

trials (rest versus peak) were made using Tdcey's test. Alpha was set at 0.05 to achieve 

smistical sigoificaocc. 

RESULTS 

All paticipaots completed the testing proccd& without difliculties (e.g. 

lmtoward eveots). The palients witb CHF complaiocd of modcmte muscle tiredness md 

3 paticots e x p e r i d  moderate rbortness of breath duriog stedy-state cycling, which 

was managed with brief rcdwtioos in workload betwceo echocdiogmphic images. 

Meao reposes (* SD) for each group are pmenkd in Tables II, III aod N. 



TABLE Il Mcm (* SD) hanodynamic md LV rwponsw during cycling, leg press (LP), shouldm press (SP) and biceps curls (BC) in CHF p u p  

CJ& - LP - SP - BC 

Rest Peak Rest Peak Rest Peak Rest Peak 

Heart rate (bestshin) 80f 11 113f 18 88f13 94f11 88f 10 100f 15 90f10  96f12 

Systolic blood pressure (mmHg) 120f17 146f21 122f18 136f19 121f14 137f16 121f14 137f19 

Diastolic blood pnssun (mmHg) 77f10 78511 8 2 f 8  91f14  81f11 100f12 84212 97f17 

Mean uterinl pressure (mm Hg) 91f11 100f14 95f10 106f14 95f10 112f12 96f11 110f16 

Ejection fnam (%) 35 f 8 42f11 38f9  37f10 38f10 3 5 f 7  3 5 f 9  36f11 

End systolic dimcnsim (mm) 4 6 f 7  4 2 f 7  44 f7  4 5 f 8  44 f7  4 4 f 7  4 4 f 8  4 4 f 8  

Systolic post d l  thickness (mm) 13f 2 12f 3 1 3 f 2  12f 2 13f 3 13f 2 12f 2 12*2 

Syrtolicmt-aeptwdthickncss(mm) 1 3 f 2  1 3 f 3  1 4 f 3  1 3 f 3  12f 3 1 2 f 2  12f 3 1 3 f 3  

End dbtoh dimcmii (man) 55f 5 5 4 f 6  54 f7  552 8 5 4 f 6  53 f7  53f 7 53f 7 

Diutolic post wall thickmaa (mm) lo* 2 l l f 2  l l f 2  l l f l  11f2  1 2 f 2  l l f 2  12*2 

Dhrto~icmt~dthichvss(mm) l l f 2  l l f 2  l l f 3  l l f 2  l l f  3 12f 3 l l f  3 1 2 f 2  

- 



TABLE m Mea (* SD) hmdymmic ad LV raponla during cyclm& p s s  (LP), lhouldu pmr (3P) md b i q  aulr (BP) in CAD goup 

CJ& - LP - SP - BC 

Rest Peak Rest P& Rest Peak Rest P& 

Heat ntc @ertJmio) 79f11 109f11 82f13 9 5 f l S  88f13 96f13 89f12 94f12 

~ ~ p r a s ~ r e ( - g )  139 f 16 171 f 20 149 f 16 164 f 15 145 f 17' 167 f 14 145 f 15 158 f 13 

Dtddic bloodprasure (nrmHg) 88f  7  82f  11 9 3 f 8  97f10 9 2 f 8  l l l f 6  9 2 f 7  107f 9  

Meal artaid P==U= ( d g )  105f6 112f 12 112f8 120f9 110f9 130f6 110f6 124f6 

EjtctiOn 6rtion (96) 51f11 5 7 f 8  5 6 f 8  5 5 f 9  5 9 f I 2  53f13 53f12 54 f7  

Endryrtdicdimnrion(ann) 33f 6  3 0 f 6  31 f5  3 3 f S  2 9 f 8  3 0 f 7  3 0 f 6  29f5 

Syrtolicp~atdthichvrr(mm) 142 2  1 4 f 3  1 4 f 3  1 4 f 2  1 5 f 3  1 4 f 3  l S f 3  1st 2  

Syrtolic mt-oept d thi~lmss ( m )  16 f 3  16f 3  16f 3 1 6 f 4  17f 3  16f 3  17 f3  1 7 f 4  

Eod d*rrdie dimnsioa (mm) 44f  5  4 5 f 6  46 f7  47 f7  4 3 f 6  4 1 f 6  4 2 f 6  4 1 i 5  

DLddicpatdthichvrt(ann) I l f l  l l f 2  1 1  l 2 f 2  1 3 f l  13 f2  1 3 f 2  12 f2  

- a t w d t h i c h v r t ( m m )  13f  1 1 3 f 2  13 f3  1 4 f 3  14 f2  1 4 f 2  1 4 f 3  14 f3  



TABLE 1V Mean (i SD) hemadynamic and LV rrsponser during cycling, leg press (LP), shoulder pess (SP) and biceps curls (BC) in healthy group 

Q& - LP - SP - BC 

Rest Peak Rest Peak Rest Peak Rest Peak 

Heut nte (beatdmin) 68f 12 135f 16 84f  14 117f 17 98f 14 110*20 87f 12 109f 16 

Systolic blood pressure ( d g )  131f14 175f18 142f21 173f17 151f8 166f19 136f18 166f18 

JXastolic blood pressure ( d g )  8 9 f 9  68f 12 86f  11 109f9 95f11 114f 11 90 f8  117f 9 

hfm rrta*l prrss~n (mmHg) 106f15 104f12 105f11 130f9 113f9 132f10 105f11 133f11 

Ejection f~action (%) 63f 8 69f  7 60f 10 59f 8 6 6 f 5  65f 11 63f 10 58f 6 

End systolic dimmion (mm) 28f 6 2 5 f 6  29f5  28 f4  25fS 25 f8  28f6  27f 6 

Systolic post wall thickness (mm) 1 5 f 4  1 5 f 3  15f 3 1 5 f 4  1 5 f 4  14 f3  14f 3 14f 3 

Syrtolie mtaept wall t h i c k  (mm) 14f 3 IS* 2 1 5 f 3  15 f3  1 5 f 3  15 f3  14f 3 1 5 f 4  

End dktolic dimndan (mm) 44f 7 4 3 f 7  44 f6  4 3 f 6  3 9 f 6  40 f8  4 2 f 6  4 0 f 8  

DktolicportmllthichKsr(mm) 1 2 f 3  1 2 f 2  l l f 3  1 2 f 2  1 2 f 2  l l f 2  l l f Z  12f 1 

Dhdditaatrspcmllthiclmeu(mm) l l f 2  12f  2 12f 3 12fZ  12f 2 13f 3 1 2 f 2  12f 2 



Thcn were no significant groups x exercise type x trials (rest and peak) 

interactions. We interpret this as indicative of the same pattern of response in all 3 

groups. The heart rate increased significantly from rest to peak during all exercises in the 

healthy group and in the CAD group. In the CHF group, the heart rate imxeascd 

sigdicantly from rest to peak during the cycle exercise and during the shoulder press 

. e x d s e ,  but not during the leg prcss or biccps curl exercises. Thc healthy group had 

significantly larger increases h m  rest to peak than the other two groups. During cycling 

the heart rate increased more than during the rcsistancc exercises (Figure 1). 

The systolic blood prcssun incrcascd sigoilicantly fmm rest to peak in all groups 

during all exercises. The systolic blood pnssun during cycle exacise showed the 

greatest increase fimn rest to peak cxercisc in both the healthy and CAD groups. There 

was also a tendency for the systolic blood pressure to show the greatest hmasc during 

cycle excrcisc in the CHF group @ = 0.08). When comparing groups then was a 

significant d i f f m  in systolic blood pnssun values, with the CHF group having 

dflcantly Iowa values than the CAD or healthy groups (Figure 2). 

In the healthy group, then was a significant decresclc in diastolic blood pmnm 

hm rat to peak cycle exercise while thae was a significant hmasc during the 3 

maishcc exercises. In the CAD group, the diastolic blood preu~e iacrwed during the 

s h & k  prars aad biceps curl exaciscs liom rest to perk while the diastolic blood 

~ r a n a i n s d c o n s t m t d u r i n g t h e o t h e r t w o c x ~ .  T h c d i a s t o l i c b l o o d ~  

~ t h e r e r i r t m c e c x m ~ ~ d ~ ~ ~ r e s t t o p e r L i n t h e C H F  



rest peak 

CAD group 

mt peak 

CHF g w  
140 
130 
120 t C W  

,j :: -C LP 

4-* 
I 90 

-If--= 
80 
70 
60 

mt peak 

I I 

noum I .   art ~c om) raponsea during cycle, leg prar 09). rhould~ prru (SP) nd b i c w  furl 0 
a e r e i ~  in hahhy group, in patients with m a y  Ptay di- (CAD) md in pdknta with cayadvr IBMI 



CAD gmup 
180 
170 
160 

P 150 
iE 140 

8 ;; 
110 

CHF a m  



group, while it did not change significantly during the cycle exercise. The diastolic blood 

pressure change during shoulder press was significantly different from the cycle exercise 

(F~P 3). 

The calculated mean arterial pressure increased significantly from rest to peak 

during all exercises for both the CAD and the CHF groups. In the healthy group, the 

mean arterial pressure remained constant during the cycle exercise but increased 

significantly during the resistance exercises. In the CAD group, the mean arterial 

pressure was significantly lower during cycling than during shoulder press. When 

comparing groups, overall the mean arterial pressure in the CHF group was significantly 

lower than in the other two groups (Figure 4). 

The LV ejection fraction did not change significantly from rest to p& during any 

of the exercises in any of the groups. However, there was a tendency @ = 0.055) for the 

cycle exercise LV ejection fraction to increase and the biceps curl fraction to dceresse in 

the healthy group. In the CAD group, although there were no significant changes in LV 

ejection fraction, there was an interaction in the behavior of LV ejection frsction during 

cycling exercise (increasing) and the shoulder press (decreasing). In the CHF group, the 

cycle exercise LV ejection -on response was significantly different from the 

resistance exercises, with a tendency to increase, but was unchanged during the reahme 

exercises. When comparing groups, the CHF group had significantly lower LV q d o n  

frsctions relative to the 0th- two groups. The LV ejection fraction in the CAD group 

was also significantly lower than in the healthy group (Figure 5). 
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The end-systolic dimension showed no significant change h m  rest to peak in any 

of the groups, although there was a tendency for it to decrease in the healthy group 

@ = 0.077). In the CHF group, the end systolic dimension also showed a tendency to 

decrease during cycle cxmise @ = 0.054). There was a significant difference in the 

mean end-systolic dimension, with the CHF group showing significantly greater values 

(Figure 6). 

The end-diastolic dimension showed no significant trials effect in any group. 

However, the CHF group showed significantly larger end-diastolic dimensions than the 

other two groups (Figure 7). 

Thc systolic posterior wall thickness did not change significantly h m  rest to 

peak during any exercise in any group. However, the CHF p u p  did show a t d e n c y  to 

decrease regardless of exercise type @ = 0.064). When comparing groups, the CHF 

group had significantly smaller posterior wall thickness than the other two groups 

(Figure 8). 

The sysrolic anterior-septal wall thickness showed no significant change 

between trials, trials by exercise type, or for pups .  The only significant difference was 

that the CHF group had significantly smaller systolic anterior-septal thickness than the 

other two groups (Figure 9). 

The diastolic posterior wall thickness only changed si&cantly b m  rest to 

peakintheCHFgroup(incrcascd)withallmercisetyptsbehoVingthespmt. Inthe 

healthy group, the diastolic posterior wall thickness during shoulder pnrs exercise 

showed a tendency to dmmac @ = 0.058). When comparing groups there was a 
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tendency in the CHF group to show the smallest diastolic posterior wall thickness @ = 

0.075) (Figure 10). 

Thc CHF group showed significantly lower value than the other two groups m 

diastolic anterior-septal thickness when groups wcrc compared. The diffcrcncc between 

the CAD group and the healthy group was also significant (Figure 11). No other 

diffgcnces wen found. 

DISCUSSION 

The primary purpose of this study was to evaluate LV function during both 

aembic and resistance exgcisc m patients with CAD and in patients with CHF, and to 

comp~re this response to that of healthy controls. The major 6nding of this study was 

that LV W o n  rempincd ewmtially stable during both aerobic and resistance kacisc, 

suggesting the safety of resistance training in well-compensated patients with CAD or 

CHF. This suggests, in tum, that the already proven clinical efficacy of rmi&mcc 

tnining in the rehabilitation of patients with CAD may be extended to patients with CHF: 

I-&', thin d y  suggests that the traditional prohibition to overhead work by c d h c  

p a t i e n 4 n e e d S t o b e d M  

The results of the cycle m i s e  arc similar to those of prior studies. In berlthy 

individuals, the LV ejection W o n  is usually thought to incmac mmcwht during 

a h a x h d  stedy-state ex~cire.*~' Our results arc consistent with there obamations. 

In patients with CAD, without d v c  ischemia, the LV ejection W o n  is ganarlly 

thought to htxasc slightly during tfre CO- of M y - -  ~ t & .  1410 

prac¶tresul tsAlpportthin~oo,  mtho~ghwedidmt#eaaignihntchrnge 
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i7 LV ejection h t i o n .  In patients with stable CHF, the LV ejection fractionis thought 

to increase somewhat or remain constant during steady-state exercise."5432 Our present 

results are consistent with these previous studies. 

In healthy individuals, the end-diastolic volume is usually thought to increase 

somewhat at the beginning of steady-state exercise and then remain constant or decrcac 

dwiog the course of the exercise bout (due to continually falling systemic vascular 

resistance). At the same time, the end-systolic volume has a tendency to decrease 

throughout steady-state exercise (implying increased contra~tilit~).~~" In the present 

study, using dimensions as a surrogate for volumes, the end-systolic dimension showed a 

tendency to decrease in the control group, while the end-diastolic dimension nmained 

constant. This impliw similar responses as in previous studies. Foster et a~.~showed 

very similar volume changes during steady-state exercise in healthy individuals and m 

patients diagnosed with CAD but exhibiting no active ischemia However,  eyer et d." 

showed no significant changes in volumes, which is consistent with the d t s  of the 

prtsent study. In patients with stable CHF, studies have shown both a pmpo~tiaul 

increase in end-diastolic volume and end-systolic volumd2 or no significant change in 

volumes during steady-state cycle exercise.1454 The results of our study imply constant 

volumes during steady-state cycle exercise. The results fmm these studia suggeat that in 

w e l l v e d  patients with CHF, aerobic exwise does not aggravate LV 

dystkction. Dyspnea can be managed by brief rests or ductions in l o d  with no furlfia 

scquelc. 



In healthy individuals, ow results during resistance exercise are similar to other 

studies in tams of large increases in systolic blood pressure, diastolic blood pressure, and 

mean arterial The magnitude of the hernodynamic response was smaller 

than in previous studies and much less than in the classic work of MacDougall et al.* 

involving competitive body buildm. Lentini a al?3 m d  LV function duriag the 

leg press exercise and found dcaascs in both end-diastolic volume and end-systolic 

volume, resulting in an increase in the LV ejection frpction. Those results arc similar to 

the results of ow study, which showed a tendency for the end-systolic dimension to 

dccmasc during rtsistaucc exercise. In patients with CAD but no active ischemia, !hgiv 

a al.= found increases in btart mtc, systolic blood pressure and diastolic blood pramre 

similar to the prtsent shtdy, and no change in LV ejection fraction during isometric 

exacise. Fathastone a al.Y showed systolic blood pressurt and diastolic blood 

pmmm mqonsa during upper and lower body dynamic resistance exercise rimilar to 

the preclent study. In patients with stable CHF, rtsistance exercise studies have only been 

conducted u h g  the leg p r e ~  exercise. In these shdies the systolic blood pressurt, 

~ l i c b l o o d p r c r 9 u r e , ~ m m e a n l a t a i a l ~ ~ ~ d u r i n g r e s i s t a n c e e x a c i r e  

have been very similar to results of the present mdy.uP Despite there M y n m n i c  

humam, LV W o n  ranained stable during resistance cxacise, consistent with our 

raults. 

This prwmt study was limited by the cchocdiogmphic imaging technique. No 

vo1~waecr lcurb leaaonly the~htheprnrtanr lrongur irv iewwae  



the expense of better echocardiographic imaging (e.g. post exercise, supine, apical 4 

chamber view), as our primary purpose was to measure function during exercise. Both 

hernodynamic and LV responses would have been compromised if a protocol more 

optimal for imaging had been chosen. Using LV dimensions as a sumgate of volume, 

our results suggest no major LV dilation and normal thickness of walls during exercise. 

This study shows stability of LV function during aerobic and resistance exercise 

in patients with CAD or CHF and the fundamental similarity of the patten~ of these 

responses to those of healthy individuals. This suggests that resistance exercise is as safe 

as aerobic stcady-state exercise in these patient groups, e.g. CAD patients with essentially 

normal resting LV function, and NYHA class 1-11 CHF patients. Resistance exercise may 

therefore be included in a rehabilitation program in well compensated patients, incrcaaiug 

the quality and effectiveness of the rehabilitation. Further studies need to be done on 

patients with CHF of NYHA claw 11-111, and in patients with LV ejection fraction < 30. 
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APPENDIXA 

INFORMED CONSENT 



INFORMED CONSENT FOR: 

Left Venaicular Responses During Cycling and During Upper and Lower Body Resistmce Exercise in Plticnb 
with Congestive Hm8t Failure. 

I. consent to par1icip8te in a study conp.ring heart ntc, blood prruurc md the 
punping &an of the heal during cycling and during resistance exercise in ptienb with congalive hart hilure 
and controls. 

I have ken informed that the purpose of this study is to evaluate heart rue, blood parum md the pmping 
&ion of the hem during resistance exercise and during steady-state exercim. This is being done to cvrl~l.tc the 
ddy of thae types of uaci~s f a  ptients with congestive h a n  failure. I c o n ~ n t  to publidon a 
pacnEltion of rrsulrs 8s long as I MI not identified. 

I  have ken informed that two ~ ~ p a t c  visits to the F r a n s i s ~  Skenp Halthcm will k muired of m .  The 
purpole of the first visit is to &nc the weights I will be lifting a d  the resistance on t k  cycle dining the 
d testkg day. At the second visit, the aaual testing will be done. Each vkit will l m  ~ o ~ d  60-90 minum. 

I  have ken informed that at my first visit, I will be required to undergo two diffamt tats. One is 8 g d d  cyok 
ucrcise mt w h m  my oxygen cawmption md exercise aprily will be manrrrd to ati- the l o d  I will k 
working u during cycling. I will be conmcted to a twelve I d  e1echocntiolp.m d my blood pernm will k 
mewrrrdmevery~.pe.'IhisisdonetoexcludcmydgnrcfutmyhcPrmurleisnotpttinga~ufiMood 
during excreirc or is ahowing my imgularitier. During this 1 s t  I  will have a n d i p  on my nor d I will 
~ ~ ~ r ~ - p i e a m c f u t m y o x y g c n u m n m p t i o n m k m a r u n d .  T h c ~ t e d t w i l l b c d o n c t o  
dctarnim the wciahts I will be IifIins durins the ruiltaee exac*e on the testins &v. F a  this. r weilht tht I  
an lift only anahl be mcwrrd ;d h"on the testing &y I will be likn~7OYe of thk mst. Thc 
totd t i m  f a  t hac  testa will be mound 60-90 minutes. 

I have ken informed that on my m d  visit, the d t&g day. the lcsrion will codst of 18 minlncs of 
cycling,( 3 minutea -up md a IS ntinum of ~~ cycling). M y - r p ( e  cyolin~ mru m* the l o d  
istheIlrncfathae1Sninutcs. AttathecyclmgIwill~rISndnuterrrt. ThmIwilldothraediffatat 
typaofrcrirmK?encreira,biapreurls,Mdaprarnd~prrsslOrrpditionrfaaeh. F a t h e m 1  
willkuringdumbkllsmdfathelcpIwillkwaldngmamrhim. Iwillbedoingthacthrrcdiffacat 
exac*a~ikrialng.Iwill&therclirrnce~aci~~fathevppcrbodywahonlya~nnx,thtthe 
cchocdi&icmanaancntsabedone. TwoninutcsmtwillbegivcnkMntheexscla. Them 
timcfa dlthktcrcswilIkmcnd60minuta. 

I h a v e k e n i n f O m r d t h r t ~ g ~ g I w i l l b e e o m K c t c d t o ~ t w d v e - 1 a d e ~ l o m y b e r c n t c  
mdrhythmcabed. EchocrdioOqhywill.IrobedoneduringtbecydmgdrrdRaaaerdra. 
Blood~willbemewrrrdbahdu$gcytlingmdcfisingtheruinnocnscla. Mybloodprrrucwill 
be marurrd three time# d h g  the cycling md when I have 5 repdim I& of the litthy. the Mood pa~lrc 
willkmaanrdwhileImdoinsthac*nfiverrpctitiau. nKlcMoodaaruremauanwlwillkdonc 

&-the tar. '~v&ci~ort will k mdc to mi- there rhlu. 
A m r E K r l d o c t i r , m A ~ C r d * s L i k ~ d f i c d ~ & t i n t b c A P E C l l M . 4 n h a q m  
aUw-Lvillkeanductp~dIthelath..Thedrcm#rdiwmMood~mDIwanrad 



rynptomr I feel, I will have to rqmt to the testers immediately. 1 have ban informed that a physician will be 
inmedidy available during dl wing. 

I haw kcn infamed that my dtanmive is to not pmticipmc in this study. 

I have km infamed that if the mvcrtigmors will be unruecarful in cchourdiognphing my hem muscle my . .  . 
p.rtmpaan m the audy will be tamiruted by the invedtilpton. 

I h.ve been infamed that ahhou~h neahn I nor my insuracc arria will be billed for thae r d  pocedurc* 
eithu I a my inrunnce arris will be rclponsible for the cost of treating complications that ewld occur u part 
of this uudy. 

I haw kcn infanned thm individual infometion obtained during thae ttsts will be kept mfida~tid.  I will be 
infamd .bout my results u will my pcnaul phyricin, if I ao dcdim. 

I hw kcn informed thm my mu* pamu who will k available to ama my of my quedions regmding this 
rtudy rc: 
AIM E. Krldottir gmdutc mdent in the AFICR program in UW-I., telephone: (608) 796-9178. 
Dr.M F a ,  pmfcgor in the College of HPER, UW-L and Ama's &&perm in this study, telephone : (608) 
785-8687. 
111. Ricbrd I. B.drt* the chair of Cardiology m Frmcircn Skanp Hwlthcm, telephone: (608) 785-0940. 
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REVIEW OF RELATED LITERATURE 

Thc purpose of this paper is to review the Literature related to left ventricular (LV) 

function during steady-state exercise and resistance exercise in apparently healthy people. 

patients with coronary artcry disease (CAD) and patients with congestive heart failure 

(CW. 

Left Ventricular Responses During Exercise in A m d v  Hcalthy P m l e  

During steady-state exercise, heart rate (HR) increases constantly as does the left 

ventricular ejection iiaction (LVEF). The Frank-Starling mechanism seems to be utilized 

. at first (irwxease in end-diastolic volume (EDV), stroke volume (SV) and LVEF), but as 

exercise is continued the EDV seems to decrease, suggesting that a continually Mling 

systemic vascular rtsistance (SVR) allows maintenawe of SV without use of the Frank- 

Starling mechanism. 

During dynamic resistpnce exercise, the concentric work inmaws HR and both 

systolic blood praurun (SBP) and diastolic blood pnssun (DBP). The blood pnssun 

(BP) also inrrerseS with increaPing qetitions. The rise is grtotcst at the beginuing of 

ex&, where the muscle is in its weakest @on of the m g e  of motion, requiring a 

high powa production. A mechanical wmpmsion of the slrelctal vaeculaturc and 

elevated intmhracic pressun appear to account fbr these hernodynamic increuos. Thc 

HRdrntcrielpreswaensponrcsinrrcpsein~ontotheld. Wheaoomprring 

individuals with markedly different lifting capacities, the circulPtory m p o m  nceim to 

b e m o n d e p a d e n t ~ t h e ~ t i v e n t h a t h p l t h e ~ l u t e l o d .  Irrthelockoutphrre, 



when the muscle is in its strongest position, the hemodynamic values remain constant or 

return to almost resting values. When the eccentric work takes place, the hemodynamic 

response rises again but is significantly lower than during concentric work. The muscle 

is stronger during eccentric work, and the relative work is less. After exercise the BP 

falls rapidly due to the sudden release of muscle tension and hyperemic dilation of 

previously compressed vascular elements. The EDV dareases because of decreased 

vmous return due to vascular dilation. The end-systolic volume (ESV) decreases 

because of decreased atterload and increased contractility. Thus the LVEF increases 

because of both enhanced contractility and a reduction in systemic aterial blood 

pressure. In healthy people these changes do not seem to cause detuiorating e m  on 

LV function, even during rather strenuous exercise. In competitive body buildas who 

work against very high resistance, the extreme rise in BP docs not seem to have 

deteriorating effects on LV function. During both high and low mshmcc immetric 

work, hemodynamic responses are also large but not great enough to produce 

deterioration of LV function. 

Left Ventricular Responses During Steady-State Exercise 

Upton et al.' studied LV responses during prolonged exercise. Thc ex& lrrted 

120 min on an upright bicycle and the workload was 60-70% of maximum achieved 

during a preliminary stress test. The cardiac output increased primarily due to a gndrul 

increPcrcin)fR,butthmwasmsi~~~ntchnngeinSV. ThcSVinueaddwingthe 

early minutes of exercisc because of increores in both LVEF and EDV. The LVEF 

iocrewd during the early phase because of an increase in EDV and myocadirl 



contractility observed by duxcasc in ESV. There was a slight decreasc in mean blood 

prtssurt (MBP) over the coursc of exercise. They concluded that the nonnal response to 

prolonged exercise seems to rely on tachycardia, enhanced contractility and an early 

operation of Frank-Starling mechanism. 

Foster et al.' studied LV function during steady-state exercise typical of that used 

. in exercise training. The first 10 min of the protocol served as a warm-up with the 

workload increasing by 25 W every 2 min. The subjects then cycled for 20 min at a 

power output equivalent to thcir ventilatory threshold 0. Subjects' HR i n c m d  

siguificantly from nst to VT and showed a trcnd to continue to incrt~sc throughout the 

course of tbt steady-state exercise, which resulted in a significantly higher HR at 30 min 

than at 10 min. Blood p r c ~ u n  increased significantly during warm-up and had a 

tcrdency to decrease with continuation of steady-state exercise, resulting in a 

signi6cantly lower MAP at 30 min than at 10 min. The LVEF incnased significantly 

during wam-up and bad a tendency to iacruse with continuation of stedy-state 

cxacise. A weak comlrtion was evident between tbe BP dccrwc and the incr#re in 

LVEF.fta*hewam-uppaiod,thcauh ~ ~ t h a t a d ~ i n . A e r l o d n ~ y  

have importance in augmenting LV systolic fimcton during skdy-statc cxacice. 

P a m  a al." studied LV systolic paformmcc in young subjects with mild 

hypc&mion (hypdcmives) and compsrrd it to subjects with nonnrl BP 

( ~ v C S ) ,  duringprolonged exercise at mvmbic uuwilold to cdmstion. 

S y l t o k B P ~ g n d u r l l y i n b o t h g r o u p r ~ b r ~ 9 9 d m d ~ ~ ~ l y  

d e c r a r e d ~ t b e r e m r i n i n g e x ~ p a i o d .  Tbedeasrrewugrertam 



subjects with hypertension. The change in EDV was different betwem groups; the end- 

diastolic (ED) diameter declined in hypertensives while it was unchanged in 

normotensives. The end-systolic (ES) diameter decreased in both groups. The LVEF 

steadily increased up to the 20' min of effort and then leveled off in both groups. There 

was a statistical difference between the groups throughout exercise with LVEF being 

higher in the hypertensives. The SBPESV ratio leveled off much later in hypertensives 

than in normotensives. Changes in SV, cardiac output and total peripheral nsidtPnce 

(TPR) were similar in both groups. The authors concluded that the increasad LV 

pcrfommce in hypertwives, both at rest and during prolonged exercise, was partidy 

attributed to their imxeascd LV wall thiclrness compared to normotcnsives. Thc authors 

hypothesized that the enhanced LV contractility in hypertensives relative to 

mmtensives, was due to increasad sympathetic activity in hypertensives. The reductd 

BP response in the hypertensive subjects appeared to reflect a limited ability to iacrePae 

SV. The LV cnd-diastolic dimension tended to decrease slightly in the hypwtemives, 

who emptied their ventricles more completely at end-systole to compensate for a low= 

enddiastolic volume. The authors concluded that the reduced early LV diastolic lilliag 

obsewcd in the hypertensives at rest could be the rearon for the tardency of the ad- 

diastolic dimension to decrease during exercise. The TPR decrersed similarly in both 

groups, leading to the conclusion that in the early stages of hypermsion, the LV 

contr8ctile reserve is incrcasad to compensate for the initial decline in diastolic limchn. 

This respanse allows cardiac output to be maintained during vigorow ex&. Aa LV 



hypatrophy padually develops to reduce the wall stress, a progressive deterioration in 

systolic function may occur. 

Foster ct al! studied LV responses during steady-state cxcrcisc in older 

participants. Thcy used the same cxcrcisc protocol as in 1995~ but made mom extensive 

LV measurements. They found the same consistent drift in HR during steady-state 

exercise. The LVEF increased significantly. Although BP did not change significantly. 

it bad a ttndcncy to decrease. The cardiac output iacreasad during wann-up and then 

remained unchanged, while SV imreaebd significantly during warm-up. Thm wps a 

tendency for SV to daxcesc during steady-state cxcrcise. Calculated EDV did not 

change significantly during wm-up, thaeaffer it dccmwxl significantly to below 

resting valucs. Calculated ESV d a m a d  throughout steady-state excrcik. Calculated 

SVR dcmaad during w&up sad then displayed a non-significant trend to dccmac 

fiatha. The authors concluded that m augmentation in EDV is important during 

k a m m t a l  excrcisc, pmbably as a mechaoism to augment SV and cardiac oulput. On 

the otba hmd, with continued ex&, EDV nhrms to or below resting valws, 

Rlsgerting that the continually Wling SVR allows maintamcc of SV without r r q w  

Fd-Starling augmentation. 

Fosta ct al.' studied LV mpmscs in 8 healthy individuals, usiug a rhorta 

dudon of exercise (15 min) at a somewhat Iowa *ty (90% of individual mrerobic 

thmhold). Theirmts slppwkd theirpmriou~ findings. Herrt nte increwd 

t w  the excrcisc bout. Enddiastolic vohnne md SV fmt increrrsd md t b a ~  

mmidcondma.  T b e E S V M a t c d m c y t o d a a a r e ~ e x a c i r c .  Tbe 



cardiac output increased throughout the exercise bout, with a constantly decreasing SVR, 

and increasing LVEF. 

Left Ventricular Responses During Resistance Exercise 

MacDougall et al.6 recorded BP response during heavy weight lifting exercise in 5 

experienced body builders. The exercises involved different muscle groups. Direct 

arterial BP and inhathoracic pressure were constantly recorded during the lifts. .'The 

subjects pcrfinmed single arm curls, single overhead presses and both double and single 

leg presses in the sitting posibon. Each exercise was performed to concentric contraction 

failure with 80,90,95 and 100 % of maximum single lift. The results showed that with 

the initiation of each lift, there was a large increase in both SBP and DBP (up to 

fourfold), which persisted for the 2-3 s required raising the weight. As the weight was 

lowered, both SBP and DBP declined rapidly towards pmxercise levels. The BP 

increased progressively with each repetition of the lift but PAer exercise, both SBP and 

DBP fell below praexercise values and it required approximately 10 s to rehim to m, 

values. The HR increased over the duration of each m k i s c  bout. The bigbed b l u t e  

prcssurts occumd during the double leg press (mean = 3201250 mmHg). The peak blood 

pre~urc responses, when a relatively small muscle mass was employed, wan atill 

cxtxwnely high although less than elicited by either a single- or doubk leg prerr. The 

authors concluded that this supports the concept that contraction of a h g a  murck mma 

is supposed to exert compression on a greater proportion of the vuculrturt. The 

elevation in BP caused solely by mechanical amprasion of vase1 walls would be 

propodond to the size of the active muscle mass, as well 8s the absolute farce of the 



contraction. The authors' opinion was that although the largest pressures occumd with 

the double leg press and lowest with the single arm curl, this could not be the major cause 

for these extreme elevations; a mon direct relationship with increasing active muscle 

masses would have to occur. Their opinion was that pmgrcasive increcrscs in active 

muscle mass throughout repetitive lifts, might in part account for the progmsive 

elevation in SBP. As muscles an stronger eccentrically, the degree of muscle excitation 

during this phase of the lift would be legs than during the concentric phase. This clearly 

todr place in the study, implying that BP response is more dependent on the of 

effort or percent of maximal voluntary contraction (MVC) than on the absolute 

mechanical force developed. They further concluded that another explanation for this 

vawmmdriction in non-cxercising pnas. Thc progressive increaPe in HR which was seca 

as subsequent repetitions were paformad, probably also contributed to the p m g d v e  

incnaclt in BP found with each repetition. Thc authors concluded that the mpid drop in 

BP inrmcdiately after ex& was pmbably caused by the sudden perhion of a large 

v a s d h t d  muscle mass, which was pmiourly occlded. It could also be caused by a 

Sagiv a al? compared -c and LV i i m c t i d  mpomcs in healthy ma- 

rthletic d m  and females during imm&ic ex& rsquiring activation of a large 

muscle mass. The subjects pafbmcd iromehic cMliff, invol* am, &odder, h e r  



SBP and DBP increased during the exercise bout. The BP incrcastd to a mean of 

1%/118 mmHg. The total systemic vascular resistance increased only slightly from rest 

to maximal exercise in both groups. Only the males increased their LVEF. No change in 

end-diastolic dimension o c c d  in either group. The end-systolic dimension was 

significantly smaller during the deadlift than at rest in both groups. The contractility 

index in the two groups was similar at rest and increased significantly and similarly 

during the deadlift. The SV did not change, so a marked increase in HR was needed to 

maintain adequate cardiac output. The authors concluded that the pressure increment 

during static contraction e:evates afterload by inmasing both SBP and DBP. The 

imxcasc in afterload may affect cardiac output, LVEF and heart volumes during isomehic 

exercise. 

MacDougall et al? studied factors fl&g BP during heavy weight lifting P;d 

static contractions. The subjects wae 31 healthy male volunteers. AU subjects wae 

physically active and itad bnd previous cxpowe to heavy resistance tnining. Tbe frctors 

studied wae BP responses, inhahmcic pr#lsurc, effects of joint augles, effccta of 

muscle size and strength, effects of contraction type, effects of the V W v a  mmmva, 

and the effects of muscle fatigue. Thc main result was that the peak BP was irdcpadent 

of muscle size. Although absolute force pduction varied between di&rmt muscle 

wok, when contrsctions wae mde at the same relative htcmity, BP and intnthoncic 

pesrurcswaethesrme. S u b j e c t s d i d n o t ~ t o u a c t h e V ~ ~ c r n c e p t  

~thenq~forceoutputexcetdtdW/.ofMVCorthe~~ofli~lodr 

wae continued to fiilure. Thc BP tended to imwmc wfien cffccta of murck htigpe mre 



studied, although the force prod.lction declined over time. The authors' conclusion was 

that the magnitude of the BP response is related to the intensity of the effort and is 

imlc-t of absolute force production or interindividual differences in muscle size. 

I)ming diff~mt t y p  of exercise the majpitude of the pressor rtsponse is primarily 

determiwd by the degree of central c o d  or effoxt rather than feedback from the 

contracting musclcs. The pnssor response depends on the degree of effort involved in 

the lift and not to the absolute force of the contrsction, as muscles are not evenly strong 

throughout the lifting range. The main fictding was that incneecd BP is maintained and 

even increases o v a  time although absolute force dmcam which illmtmks that it is the 

central drive to the muscle that danmines the magnitude of the pressor mpmsc. The 

authors concluded that the tmdency for BP to increase over the latter p9t of the 

c o n t n a i o n k p r o b . b l y t h e r e s u l t o f ~ c a r d i r c o u t p u t d ~ t o ~ H R a n d t h e  

pmbabk recruitment of additional musculature in an attanpt to maintain c o n W o n  

facc. 

Sullivan et d? studied 10 healthy young men when they pa%rmed h d  

isomdric dtdliffr at Wh of MVC for 90 s and at 100.h of MVC for 30 s. 

aterial BP and ECG monitoring wae recorded througbwt 

the dadlifi d fa 30 s of rtoovay. When the dedlifi was pcrformcd at 50% of MVC, 

tbe BP d HR i n c m d  si@cautly but within 2-5 s after d o n  of the dcdlift, m 

r k P g t f r l l i n M B P ~ r # e a d t h . t r f t a 3 0 s o f r t o o v a y i t w a s c l o # t o ~ ~ .  

TbeSVdLVEFd#xaredinitiaUyddogthededlifibut.Aa 15 sofnacireitweat 

q J 8 g 8 i n 8 n d ~ ~ ~ ~ b e f a e t b e t Q r m n r t t o n  
. . ofthederdliit. Wbsn 



the deadlift had been performed for 15 s, the cardiac output started to increase and 

increased throughout the deadtift exercise. Calculated peripheral resistance increased 

slightly during the initial 15 s of the deadlift but returned to control values at the end of 

the deadlift. With cessation of the deadlift, peripheral resistance fell rapidly and 

remained significantly reduced at 30 s after the cessation of the lift. The initial decline 

was associated with a significant increase in ESV. A small nonsignificant increase in 

EDV at the end of the deadlift could have accounted for the restoration of LVEF to 

resting values by the end of the deadlift. The LVEF increased significantly within 5 s of 

recovery and the increased value was maintained at 30 s of recovery. The ESV and EDV 

declined rapidly after cessation and thcn partidy mverad by 30 s. The calculated 

SBP/ESV ratio was unchanged at 15 s and 30 s of the deadlift but increased significantly 

at 5 s and 30 s of mvery .  The patterns for all measured parameters during 10Ph of 

maximal desdlift were similar to the 50.h of maximal deadlift. The authors' conclusion 

was that the initial decline in SV and LVEF was due to an incressc in ESV secondary to 

the abntpt rise in systemic arterial preswne rmd corresponding LV wall stress. This initial 

d m  in LVEF was restored by augumtation of EDV, which indicates ~liance on the 

Frank-Starling mechanism. As the SBP/ESV ratio did not imxeaee during the lifts, the 

authors found it impossible to derive any definite conclusions about changes in 

c o n W t y .  The rapid foll in BP was attributed to the sudden release of muscle tension 

followed by hypuwnic dilation of pmiously compnrsed vasculsr elcma~ts witbin the 

large mass of skeletal muscles used in mnintrining the effint needed. The rapid LVEF 

incnrrcpftCrtheliftsisa~tothe~onin~anicrrtcri.lbloodpaaue. 



Both EDV and ESV decreasbd the EDV probably becaw of impaired venous mtum due 

to acute dilation of vascular capacitance vessels within skeletal muscle, and the standing 

posture. The decrease in ESV was attributed to the c o m b i i  effects of afterload 

reduction and enhanced contractility. The calculated SBPIESV ratio remained b r e a d  

throughout the recovery in both types of lifts, which the authors suggested to be a sign of 

iacressed inotropic status. The cardiac output and MAP seemed to be protected by 

sustaiaed~inHRandenhancedLVpcrformanceduringtherccoveryphaseaftu 

muscular relaxation. 

Lentini et d.'' studied LV nspom tlnougttout a lifting phase in 5 healthy young 

males. These responses wac compared to resting values. Subjects worked at 95% of 1 

repetition maximum (1 RM) during double leg press. The SPB and DBP kcread 

sigdicantly &ring the lift, dacascd in thc lockout phasc and incnared significantly 

agaio during the iowcring phase. The MAP increasal significantly during the lift but 

went to rating levels during the lockout d lowaing phases. That was an increase in 

TPR &ring liftin& durimg the lockout phse the rerirtsnce was significantly Iowa thrn 

thc~&vduesand~nachcdprc-cx~vduesinthel~~aiagph.scofthe 

lift. T h e H R ~ d u r i n g t h e l i f t i n g ~ r r d n m r i n e d e ~ i n t k d h a t w o  

phrarofthelift. TheEDVandESV~sig&cadyduringtheliff ingphr#.  

~ s i ~ ~ t h e l o c k o u t p h u e ~ ~ a g a i n 8 i g & ~ d u r i a g  

thelomriagphYe;theESV~bwavrluesthmprc-cx&. TheSVdscnrrcd 

W M i ~ d r P i n g ~ l i f l i n g ~ , i a c n r r s d ~ t h c l o d r o u t ~ r r d  

d s a e u o d ~ t b e ~ p h r e , a o l o m r v a l u a t h m ~ ~ .  Tbecrrdirc 



output increased throughout the first two phases of the lift and then decreased during the 

lowering phase, compared to the lockout phase. The SBPIESV ratio increased 

significantly during the lifting phase declined during the lockout phase and increased 

again during the lowering phase to greater values than pre-exmise. The LVEF incrcasal 

significantly during the lifting phase and remained elevated throughout the two other 

phases of the lift, significantly higher than the resting valuc. During the lockout phase 

there was a significant decline in BP and HR and an increase in cardiac volumes to 

control values. During the lowering phase the cardiac volumes tended to decrease 

whereas both HR and BP increased. During concentric and eccentric phases SV tedxl 

to decrease. The main results were that rapid changes in cardiac volumes and co&ctility 

occur related to the different phases of the lift. Greater effort was needcd during the 

lifting phase than the lowering phase and a greater effort was required during both lifting- 

and lowering phases cornpami to the lockout phase. The authors concluded that this 

matched with the well-known fact that the muscle can geneme gnats fonx during 

maximum eccentric contraction than during maximum concentric contraction. The BP 

changes and the changes in the SBP/ESV ratio were in concat with the level of effort. 

The authors concluded that the changes in cardiac volumes might have been due to 

changes in central motor command but the role of alterations in venous impedance and 

the influence of the skeletal muscle pump function could not be asseasad in this study. 

Left Ventricular Responses haina Exercise in Patients with Corwrry Artav Ditare 

During steady-state exercise, ST segment changes tend to modulrtc iu pati- 

with documented CAD. No evidence of progrwsive LV dyshction is &own whca 



steady-state cxacisc is wntinucd, even though incremental warm-up shows dysfunction. 

Patients with prior myocardial damage without evidence of ischemia show rqonscs 

similar to healthy people. 

During isometric resistance exercise, no significant correlation between the 

resting LVEF or magnitude or direction of change in LVEF has bben show. A 

cornpaison of dynamic resistance exercise and treadmill exercise in trained subjects has 

shown more ischemic ECG findings during treadmill exercise. Myocardial oxygen 

demand scans to be similar during treadmill exercise and dynamic resistawe exercirc but 

thc DBP is greater during lifting, suggesting that imxcPscd m y d a l  prrhrsion pnuun 

amlributcs to a reduced ischemic response. The oxygen supplyldanmd ratio scum b be 

betta during lifting than during treadmill cxemise, implying no hthcr ria in performing 

mshncc ex& wmparcd to treadmill cxacise. 

Lcft valtricular Rapanser I)luina Steady-State Exercisc 

Foada et al.4 shidied LV responses during steady-state exacise in patieats with 

rbama&d CAD. Thc patients wac  divided into two groups. <)ne gmp dcmonstntal 

aigdkmt ST-- depession on a screening incmmntrl exerck tcdt (+ iachania 

w). The other group did not dawnstrrtc ST-segment dqxcasian an a rcnming 

imawmntd ex& tad (- ischania group). Eight of 10 subjects in the + kchanh group 

hd sngiua during stcady-sbte ex&. Ex& was paformed at a powa outplt 

p c d i c t e d t o y i e l d t h e V O z ~ w i t h V T .  Thepowuoutputms' ' UY 

incrared so that the pow= output d a t e d  with VT w a ~  fht achieved between 8-10 

mbofexacire. Thmfta,the~pomroutputnrminod T h e ~ w a c  



allowed to decrease the power output momentarily as dictated by anginal pain andlor 

fatigue. During exercise, ST-segment depression observed during the first 8-10 min 

tended to modulate. There was a consistent drift in HR during the 30 min of exercise but 

the BP did not change significantly. The LVEF in the - ischemia group increased to the 

10' min of exercise and thenafter it remained constant throughout the 30 min of 

steady-state exercise. In the + ischemia group, no significant change in LVEF from rest 

throughout the 30 min of steady-state exercise occumd. Wall motion improved in the 

- ischemia group h m  rest to the 10' min and then remained unchanged throughout the 

30 min of steady-state exercise. In the + ischemia group, wall motion deteriorated 

significantly from nst to the 10' min of exercise and thcn it remained stable throughout . 
the 30 min of steady-state exercise. Calculated cardiac output i.xreclaad significantly 

from rest to the 10' min and thcn it remained constant in both groups. Calculated SV 

increased significantly h m  rest to the lo* min of steady-state exercise in tbe - ischemia 

group. Beyond 20 min of exercise there was a tendency for SV to decmse in the 

- ishernia group. The calculated SV remained constant in the + ischanio group. 

Calculated EDV did not change h m  rest to the lom min in the - ischemia group but 

thmaftcr it decrtasbd significantly to below resting values. No significaut change in 

EDV was observed in the + ischemia group. The calculated ESV damwed thrwgboul 

steady-state exercise in the - ischemia group but it did not change in the + ischania 

group. Calculated SVR dccrcasbd in both groups fimm rest to the lom min of ex~cire. 

ThertPftn thac was a non-significant trend for it to dccmac somewhat mon with 

continued exacise. Thc authors concluded that tbac was no widaxe of pmpuive  LV 



I 
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dysfunction when steady-state exercise is continued although the incremental warm-up 

I shows dysfunction. Patients that have prior myocardial damage but no evidence of 

ischemia showed no evidence of deterioration of myocardial function. The authors 

concluded that with continued exercise EDV returns to or below resting values, 

suggesting that the continually falling SVR allows maintenance of SV without using 

Frank-Starling augmentation, which could be more expensive in terms of incnased wall 

stress and m y d a l  oxygen uptake. Their final conclusion was that thc LV function 

scans to become nearly normal during sustained steady-state exercise. It seems that 

exercise under ischemic conditions shows essentially stable pattern of LVEF during 30 

min of rather strenuous steady-state exercise without progressive deterioration of LVEF. . 
Left Ventricular Respwses During Resistance Exercise 

Sagiv et al." studied 15 males with documented CAD or myocardial infarction 

0, who were already in a supervised exercise program. All of them bad a functional 

@ty at or above 9 METS. The left ventricular function was evaluated during 

haudgrip exacisc and during dtadlift exercise. Both exercises were paformed at 3030 of 

maximum effort for a total of 3 min. The LV mpmcs were compared to these 

responses in w t l y  healthy individuals. The patients with CAD &owed significant 

I incmaea in HR while the healthy individuals did not. The BP inrrePsed sipillcmtly in 

both groups during the isometric handgrip exercise and also during the M A  excxck. 

The LVEF, which was significantly lower in the CAD patients, remained corutmt in both 

groups during both types of exercise. There was no sigaikaut camlalion betweea the 

LVEPrtr#dandthe&hdeorMo11ofitschngeduring~ardadlift 



exercise. During handgrip exercise the ESV and the EDV showed a parallel non- 

significant increase in both the apparently healthy individuals and in the CAD group. At 

rest, wall motion abnormalities were detected in 9 out of 14 CAD patients. During the 

handgrip exercise, wall motion abnormalities developed in 2 patients that had nonnal 

wall motion at rest. During the deadlift exercise, LV wall motion abnormalities occwred 

in 13 out of 14 CAD patients. The apparently healthy individuals showed no evidence of 

wall motion abnormalities. The main result was thus that LV function remains stable 

during submaximal isometric exercise. The authors attributed the development of new 

LV wall motion abnormalities to ischemia that was induced by increased rate ~ I # U I U T ~  . 
product (RPP) or possibly by increasing dyskinesia in previously abnormal regions. 

Featherstone et al.I2 studied hemondynamic responses in 12 male volunteers with 

documented CAD during weight lifting at 40,60,80 and 1000h.of MVC. These 

responses were compared to hemodynamic responses during a maximal trradmill 

exercise test. All participants had been participating in a cardiac rehabilitation prom- 

for at least the prccading 4 months. Free weights were used and each participant 

performed supine press, seated overhead press, seated biceps curl aud acated double leg 

qudriceps extension. The BP was always measwed during the last repetition of each lift 

and completed before the end of the lift. No patient developed chest pain or df lcmt  

ventricular ectopy during either lifting- or treadmill exercise. No signs of kchemin 

appeared on the ECG while lifting, whaeas 5 out of 12 patients developed ischemic 

changes during maximal treadmill exercise. Peak HR during the maktamx exerciOer wu 

lessttumd~gthctresdmiUexcrci~,~tbc~SBPwu~fix.Uexarcitc 



types. The RPP was also less during all lifts than during treadmill exercise, suggesting 

lcss myocardial oxygen demand. The DBP was greater during all lifts than during the 

treadmill exercise except during tbe 1W/o MVC biceps curl and quadriceps exteasion 

exercises. When estimates of myocardial oxygen supply were compared with those of 

myocardial oxygen demand, all lifts yielded significantly higher supplyldemand ratios 

. than did treadmill exercise. The RPP of the various lifts tended to be lcss at 1Wh MVC 

than at other intensities which the authors attributed to a limited time for HR and SBP to 

respond during om repetition. The main conclusion was therefore that resistance training 

appcars to be safe for this population, which were trained individuals with documented 

CAD. 
. 

Left Ventricular Rauomcs During Exercise in Patients with Congestive Hcrut Failure 

During steady-statc exercise patients with CHF show similar dovascular  

responses as healthy people but thcir metabolic IcveIs ere higher than in healthy p@e. 

The LVEF during isometric exercise has been controvmial wlth studies showing 

~andimxerseSinLVEFduringexcrcise. DynamicnsistslPceexcrci le~to 

be well tolerated by patients with CHF. They seem to be able to use the Frank-St.rling 

~ m d i n c n a s e S i n t h c S B P / E S V ~ o ~ ~ e w o r k d ~ d y n r m i c  

mistance exercire indicate i n m a d  contractile fimc.tion during thia type of ex&. 

Patieats with CHF have not ahown e v i b  of LV daaiorarion during dynamic 

rcrirtsnce~(uci6C. 



Left Ventricular Rewonses During Steady-State Exercise 

Delahaye et al." assessed and compared LV responses during 3 different modes 

of testing. They compared maximal upright bicycle exercise test, the &minute walk test 

and stair climbing exercise test. Thirteen patients with stable CHF and LVEF < 35% 

were tested. All participants had normal coronary arteries. During the 6-minute walk 

test, patients walked as quickly as possible for 6 min without running. The BP was 

recorded at the beginning and at the end of the test while other mcasments  were done 

during exercise. The HR, SBP, ESV and EDV all increased sigaificantly during the 6- 

minute walk test. The ESV and EDV increased proportionately resulting in no si@cant . 
changes in LVEF. The authors concluded that despite hemodynamic challenges and 

'increases in cardiac volumes during the 6-minu~ walk test, there were no signs of LV 

deterioration. 

Meyer et al." studied 1.V responses during steady-state exercise in 11 males with 

clinically stable CHF. The resting LVEF was 37 * 3 %. For a control group, 8 males 

with documented CAD but only minimal LV dysfunction participated. The LVEF of the 

control group at rest was 58 5%. Every participant underwent maximum incremental 

cycle ergometry test (10 - 15 Wlmin kmments) to exclude myocardial ischemia and to 

measure exercise tolerauce. Thirty minutes later a steep ramp exercise test (25 WI10 s 

increments) was performed to dctennim maximum short time exerciac capacity. This 

study compared LV responses during interval exercise and during the steady-state 

exercise. The workload for the steady-state exercise was derived from the mean pow= 

output during the interval exercise part. The worktoad during the work phases in the 



interval exacise part was set at SO0? of the maximum workload capacity attained during 

the steep ramp exacise test. The work rate level for the steady-state exercise was the 

mean power output performed during the interval exercise part. During the steady-state 

exercise there were significant increases in LVEF, HR, SBP, cardiac output, lactate 

IeveIs, ratings of leg fatigue and dyspnea in the patients with CHF. In the control group. 

the LVEF and SBP were the only variablts that increased significantly. The magnitude 

of LVEF increase did aot differ between the groups. No significant changes in EDV or 

ESV were sem in the two groups. The authors concluded that the pattan of the LVEF 

mjwnsc during exercise in patients with CHF was similar to those nsponses reported 

during steady-state exncisc in healthy people and in patients with stable CAD. 
. 

Lea Ventricular Rcsmmscs During Resistance Exercise 

Elkayam d al." evaluated hemadynamic effacts of isometric exercise in 53 

patients with stable NYHA class III and IV CHF. Tht resting LVEF mged from 8 - 
41% in the patient group. Thc hcmodynamic effects were compared to the 

hrmodynamic e&ki in 10 hulthy subjects d u h g  the same exercise. Subjects wae 

sadid during isometric hsndgrip exaciae at 300h of their maximal wmpmion 

pmssum. The duration of the hand& mgcd h m  5-7 min. In the patients with CHF 

the HR, MAP, and SVR increastcl significantly during exercise. The d a c  output md 

SV dmwscd, but tk stroke work did not clmgc even though the group showed vded 

respon#cl. ~ p a t i e n t s ~ h o ~ ~ t h t ~ ~ i n r t r o k e w o r k h d b o t h  

1 lowa~outputandSVhthosew~didndThehsPl thyrubj~di f&rsdinthrt  
i 

they W their cadirc output aud SV slightly but not dgnificmtly d their SVR 



remained constant. The increased SV and cardiac output were therefore responsible for 

the increase in BP. The increase in BP in the patients with CHF, on the other hand, was 

primarily due to increased SVR. This increase. in SVR was responsible for decreasad SV 

and stroke work, resulting in either no change or an increase in LV filling pressure. The 

authors found a significant relationship between SVR changes and SV and cardiPc output 

changes, and concluded that increases in afterload can result in dctcriorating effects of 

LV function in patients with CHF. The hcmodynamic deterioration could not be 

attributed to the patients' resting LVEF. 

Reddy ct al.I6 studied hcmodynamic, ventilatory and metabolic effats of light . 
isometric exercise in 20 patients with clinically stable CHF. The mcan LVEF was 24 * 
9%. This was done in an attcmpt to explain why light exercise in thesc patients often 

results in dyspnea These responses were c o w  to those responses in 17 aolmal 

individuals who served as a control group. The handgrip exmise load was 25% of MVC 

and was performed for 6 min. The HR increased significantly in both groups. The 

cardiac output i n d  by 58% in the control gmup but failed to imxerse in the CHF 

group. The SV also dccrcased in the CHF group. Oxygen extraction in the exerciaing 

f o m  in the patients with CHF was higher than in the n o d  subjects but the 

diffcrcnce was not significant. The patients with CHF increased their i.ctste 

concentration significantly whmas the control group did not The patients with CHF 

iacnasaltheirC9productionduringthercwvgyandthaefortimxeeredtheir 

ventilation in an ottrmpt to haease their V a .  The authors concluded t&t this m 



probably the reason why patients perceive themselves to be breathless during or &a 

daily activities. 

McKelvic ct al." studied acute cardiovascular responses during resistance 

exacise in 10 males with CHF and compared them to the same ~~ during cycle 

ergometry. The mean LVEF was 27 2% ( NYHA class I - El). The patients performed 

5 min of cycle crgometry at 70% of peak capcity and perfo~~l~ed 2 sets of 10 repetitions 

of single leg prcsscs at 700/0 of 1 RM. The authors obsmed no adverse symptoms, 

anhythmias or ST scgment homalities during either type of exacise. The significant 

increasC in SBP was not signilicantly different between the different ex& modes d . 
the DBP was significantly higher during the resistance exercise. The HR increPred 

significantly during both ex& modes and was signilicaatly higher d& cycling thus 

the risc in RPP was g r a t a  during cycling. Thae were no signiiicaut changes in EDV or 

ESV during c i k  exercise modc. The cardiac output incnased sipificmtly in both 

modes d was sigdicmtly higher during the cycle ex&. The SV increPred 

sigdicady during the cycle ex& and thc TPR dcmcad sipificmtly. The LVEF 

didnotchaagesigdkdyincithaex&modes. TheSBP/ESVntioiacrared 

significantlyduringbothmodesbutwassi~yhigherduringcyckex~. The 

autlnnsopinionwasthatwhil~ttrcsetwodi&rrntexcrcisctypes~~ 



occurred mainly because of increased HR . The main result was that single leg press 

does not produce adverse effocts of LV function in patients with CHF. 

Meycr d al." assessed hemdynamic responses during double leg press exercise 

at 2 different loads in patients with stable CHF and LVEF 26 i 3%. The responses were 

c o m p a d  to the hemodynamic responses in 6 male patients with mild LV dyshction 

and LVEF 68 i 2%. The participants performed double leg presses at 60% and 80% of 

MVC. Each participant performed 2 series of four sets each. One set lasted 60 s and it 

included 12 repetitions. This was compared to 5 min of cycling at 25 W. This was done 

in order to compare the beginning of resistance exercise to the beginning of isotonic 

exercise. During the resistrmce exacise at W ?  of MVC, there was a significaut iacnrsi! 

in HR, BP, pulmonary artery prarsurt (PAP) and cardiac index. The mixed venous 

oxygen saturation also decrcPstd sigoi6cautly. In addition to the same changes during 

W? losd as during W ?  load, thgc was a sigoiiicant &crease in SV, stroke work and 

MAP and a significant dccmsc in SVR. The magnitude of change bctwm diffkat 

loads showed a signiiicaat diffnence in SVR (daxtPsed more during 80% of MVC), SV 

(increased more during 80% of MVC), W e  work (increased man during 80% of 

MVC),~imlex(incrcascdmorechrringW?~fMVC)Pndmixed~~Q 

saawtion(deucadmoreduringW?ofMVC). Duringthe6o.?lod,theCHF~rwp 

showed signiiicautly higher HR but sigdkmtly lowa SBP and MABP th8n the cam01 

mup- The maguitudc of change was similar in the two gmips. The SV, crrdirc hdex 

and stroke work wen sigoifhdy lower and a d c r  magnitude of c b g c  ocanred in 

theCHFgraup. TheSVRcbaugcdtoaksserextartintheCHF~. BotbdheCHF 



t~roup attd the controi group had similar reponscs at the beginning of stcady-state cycling 

CX&. Thc a u t h a  concluded that the increase in cardiac indm was primarily due to 

the~HRandthc inrresse inBPwasdut to increascdcardiac index~no  

sign&anI chpnge in SVR o c c d  When compared to controls, the patients with CHF 

hd sig&caaUy lowa HR aud MABP and a smaller change in BP during exwcisc, 

which the au&m explained by lower SV, cardiac index, stroke work and a smaller 

decra# in SVR. No detuioration of LV function was s e a  Whcn the auttnns 

compPnd 60% aml80./. loads, they concluded that a significantly greater increw in 

metabolic strain shown by significsatly Iowa venous satmation. The a u h m  

~hdedtb.ttbesi~inaepsesinSVand~cworfrduringWhsu~ 

eachmccd c o n h d c  fimction of the lee ventrick baause preload aud lftatoad 

~wcredmilrrinWhandW?/rlods.ThepltimtswithCHFshowalrmaked 



Sumalaly 

The main result of reviewing the literature is that LV responses during steady- 

state exercise and resistance exercise are surprisingly similar in healthy people and in 

patients with CHF. The capability for patients with CHF to work against heavy loads 

during Iowa body resistance exercise has not been shown to result in deterioration of LV 

function. Dwing steady-state exercise, healthy people seem to use the Frank-Starling 

mechanism at the beginning of the exercise, but as the SVR falls continuously during 

exercise the rnaintemme of the SV is possible without a fintha incrtax in EDV. They 

tbmfon do not need to use the Frank-Starling mechanism any furtha. The patients with 

CAD and patients with CHF compensate well to steady-state exercise and respond in a 

similar way as hcalthy subjects. 

The two studies that have Wed the responses to dynamic resistauce exemik in 

patients with have only utilized lown body rcsistlmcc exercise. The same responses 

have been seen as in healthy people, although the magnitude of the cardiovprculp 

changes has been smaller in patients with CHF. During msktatm exercise, an incrcpsC 

in SV is mainly duc to increaPed HR, and inererses in the SBP/ESV d o  could indicate 

~ c o n ~ e ~ o n i n p a t i e n t s w i t h C H F ~ l o w a b o d y ~  

exercise. 
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