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I. INTRODUCTION 

1. Lind, A.R., McNicol, G.W. and Donald, K.W.: Circulatory 
adjustments to sustained (static) muscular ac tivity. In 
Physical Activity in Health and Disease. Ed. Erang anCl-Anderson -
The Williams & Wilkins Co. Proceedings of Beitostolen Symposium, 
1966, pp 38-63 . 

. 2. Nutter, D.O., Schlant, R. C. and Hurst, J.W.: Isometric 
exercise and the cardiovascular system. Modern Concepts of 
Cardiovascular Disease , !l:ll, 1972. 

3. Mitchell, J.H. and Wildenthal, K.: Static (isometric) exercise 
and the heart: physiological and clinical considerations. 
Annual Rev. Med. ~:369, 1974. 

4. Moran, L.: In Winston Churchill: The Struggle for Suivival, 
1940-65. Constable, London, 1966. 

During the performance of muscular exercise, the heart and the 
~ascular system undergo important adaptive changes . The exact nature 
of these changes depends upon the specific tjpe of exertion under 
taken. Broadly speaking, there are two main types of activity. 
Exerci se in which skeletal muscle contraction causes principally 
a change in tension with little change in leng th is t ermed static 
or isometric, and that in which the contraction causes principally 
a change in length with little change in tension is termed dynamic 
or isotonic. Most muscular exercise is neither purely static nor 
purely dynamic. Exerci ses that are predominantly static include 
lifting or pushing heavy weights and contracting musc les agains t 
fixed objects, and those predominantly dynamic include running, 
swimming, bicycling, and rhythmic calistenics. 

Historically, ~here ~as been extensive interest in and investi
gation of the car tli ovascul a r effects of exercise in health and 
disease, but the form of exercise that has been studied almo s t 
exclusively has been dynamic exercise. It has only recently been 
recognized that static exe·rcise places an important s tress on the 
normal and especially the diseased heart . One important example 
of this was reported by Lord Moran in his book on Winston Churchill. 
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Washington , De c e mbeP 2? , JU11. ... 

'1 :1m g l a d you h ave co me ,' th e P~ l (Churc h i J I ) h q}. :lll. 
He w:1s in bed a nd J oo ke d \vO r r i e d. 
' T t \v as h o t 1 n s t n igh t a nd I got up to op e 11 t h c \v i. n dow . I t 
was v e r y stiff. I h ad t o u s c' co ns i. d e rnh l e Cor l· c· :1 nd I not icc' d 
a ll a t once t hat I \va s s hort of b r c;Jth . I had" d u JJ p:~in 
o ve r my h ea r t . 1 t we nt doh'IJ Il l )' l c rt :~nu. l t didn ' t L1sl ve r y 
l o ng bu t it has neve r ha pp< ' ne d !l e for<'. \\' h at i s it? I s 1111' 
h ea rt all r i g h t? I t ho ug ht o r s e nd in g r o r )'O ll hi l l i t t•:l sse cl 
0 ff. .. 

. . . I (Mo ran) h a cl no doubt t hat whc tlll'r t·h c c l cL·tro - cardi.o 
gr a ph s howe d evi d e nce of a co ronar v thro111ilo s i s o r not, h i s 
symptoms we r e t hose o f coro n ary i n suf f icienc y . 

Th e purpose o f t h is Grn nd Rou nd s i s to de sc rib e wha t i s k now n 
of th e acute a n d chroni c physio l ogica l effects of s tatic exercise 
on th e h e art a nd c ir c ulat i on. In a dd i t i o n a d i scu ss io n of the 
c~inical use of i s ome tri c exe r cise in t h e di ag n os i s of cardi ac 
d1 s ea se and th e s p ec i a l conse qu e nces of th is t yp<' of mu scu lar 
ac tivity in p a ti e n ts wi th ca rd iovasc ul a r probl e ms wil l be presen t ed~ 

II. CARDIOVASCULAR EFFE CTS OF STAT I C EXERCI S f 

A. Acute Ef f e c t s of S t at i c Exe r c i se 

1. Humag Studi es 

5. Lindhard, J. : Unt e r suc hun ge n ub e r s t a ti sc h c Mu s kelar h c i t . 
Skandin. Archiv. 4 0_:14 5 , 19 20 . 

6 . ./\l a m, M. and Smir k , F.ll.: Ob se rvation s in man u po n n b l oo d 
press ure r a is i n g r e fl ex a ri s in g fr o m. th e vol un tary mu sc l es . 
J. Physiol. Q2_ : 372 , 19 37 . 

7. Alam, M. and Smi r k, F.ll.: Ob se rv a t i_ ons in man o n a pul se
acc e l e ratin g re f le x fr om th e voluntary mu sc l es o f th e l egs . 
J. Phy s iol. ~:1 67 , 1 938 . 

8. Asmu s sen, E. a nd · Ha n sen, E .: llb c r d e n ei11flub s t at i sc h e r 
Mu ske larbeit a u f atmun g a nd k r e is L:lll f. Oc r Rc d ak ti o n a m 
~:283, 1937. 

9. Tuttle, W. W. and Horva th, S .M.: Comp a ri so n o f e ff ect s o l 
static and dyn amic wo r k on blood p ress ur e a n d l1 cart rat e . 
J. Appl. Physiol. l:_Q_: 2 94, 1957 . 
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10. Lind, A.R., Taylor, S.H., Humphreys, P .W ., Kennelly, B.M. 
and Donald, K. W. : The circulatory effect s of sustained 
voluntary muscle contraction. Clin. Sci . '!:]_:229, 1964. 

11. Staunton, H.P., Taylor, S .H. and Donald, K.W.: The e ff ect s 
of vascular occlusion on the pr es s or r e sponse to static mu s 
cular wo1~k. Clin. Sci. Y._: 283, 1964. 

12. Lind, A.R. and McNichol, G.W.: · Local and central circulatory 
responses to sustained contractions and the effect of fr e e 
or restricted arterial inflow on post- exercise hyperan emia. 
J. Physiol. 192:575, 1967. 

13. Lind. A.R. and McNichol, G.W .: Circulatory r esponse s to 
sustained hand-grip contractions performed durin g oth e r 
exercise, both rhythmic and static. J. Phy s iol. 194:595, 
1967. -

14. Donald, K.W., Lind, A.R., McNicol, G.W., Humphreys, P:W., 
Taylor, S.H. and Staunton, H.P.: Cardiovascualr respon s es 
to sustained (static) contractions. Cir. Re s . 20 and 21 
suppl 1:15, 1967. 

15. Lind, A.R., McNichol, G.W., Bruce, R.A., Ma cdonald, H.R. and 
Donald, K.W.: The cardiovascular respons es to sustain e d 
contractions of a patient with unilateral syringomyelia. 
Clin. Sci. ~:45, 1968. 

16. Freyschuss, U.: Cardiovascular adjustment to somatomoto r 
activation. The elicidation of increments in heart rate, 
aortic pressure and venomotor tone with the initiation of 
muscle contraction~ Acta Physiol. Scand. , Suppl. 342:1, 
1970. 

During the first half of this century, occasional studies 
were made of partially static exercise, but only a few dealt 
systemically with the topic. It was generally assumed that 
the most important special aspect of static exertion was that 
blood flow to the muscle was inadequate due. to maximal occlu
sion of the artery of the contracting muscle fibers. Howe ver, 
it was noted that mild tachycardia and drama tic increas es in 
arterial pre~sure invariably accomplished this exerti~n . 

It was not until the 1960's that an extensive and comprehensive 
investigation of the special charact~ristics of isometric exercise 
was undertaken. The studies of Lind, Donald and colleagues and 
those of Preyschuss remain the primary sources of basic information 
on the physiology of cardiova s cular responses to i s ometric exercise. · 
In the studies of Lind, graded degrees of handgrip contractions 
were used. An example of this type study by Lind is shown in 
Figure 1. 
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Figul' e 1. 
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The cardiovascular responses in a normal subject during and 
after sustained handgrip contraction at 10, 20 and 50% of max imal 
voluntary contraction (MVC) are shown. A small increase in mean 
arterial blood pressure, cardiac output and heart rate occur~d 
at 10% MVC . At 20% MVC the changes were greater and at 50 ~6 MVC 
mean arterial blood pressure increased about 60 to 70 mm Ji g and 
heart rate increased about 30 to 40 beats/minute. 

It is of special interest that neither the absolute tens ion 
development nor the size of the muscle group is the determining 
factor; rather, the important element seems to be the percentage 
of maximal contraction by the particular muscle group involved . 
Thus, blood pressvre rises to a similar extent with 20% of maxi
mal handgrip, 20% of maximal contraction by thigh mu s cles, or 
20% of maximal adduction of individual fingers , despite the many
fold differences in absolute tension developed and in the energy 
requirements of the respective efforts. 

Static contractions of the forearm muscle of one arm causes a 
marked i11~rease in mean arterial blood pressure with a relatively 
small increase in heart rat e and cardiac output a s comp ared to 
dynamic exercise. A comparison of the heart rate and arterial 
blood pressure response to 30% MVC and to dynamic exercise on a 
treadmill is shown in Figure 2. 
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This study clearly shows the marked ri s'' of blood pressure 
with an increase in heart rate during static exercise which con
trasts with the large rise in heart rate witl1 little change in 
mean arterial blood pressure during dynamic exercise . Also the 
cardiac output ·only increases to about 6 liter/min with s tatic 
exercise and may increase to 20 to 25 liter/min with dynamic 
exercise. Thus, static exercise may be thought of as causing 
primarily a pressure load on the heart, whereas dynamic exercise 
produces primarily a volume load on the heart. 

17. Mullins, C.B., Leshin, F.J., Mierzwiak, D.S., Matthews, O.A., 
and Blomqvist, G.: Sustained forearm contraction (hand-grip) 
as a stress test for evaluation of left ve~tricular function. 
Clin. Res. _!!:322, 1970 (Abstr.) .. 

18. Helfant, R.H., deVilla, M.A., and Meister, S.G.: Effect of 
sustained isometric handgrip. exetcise on left ventricular 
performance. Circul. i!:982, 1971. 

19. Kivowitz, C., Parmley, W.W., Donoso, R., Marcus, H., Ganz, W., 
and Swan, H.J.C.: Effects of isometric exercise on caidiac 
performance. The grip test. Circul. i_!:994, 1971. 

20. Krayenbuehl, H.P., Futishauser, W., Schoenbeck, M. and Amende, 
I.: Evaluation of left ventricular function from isovolumic 
pressure measurements during isometric exercise. Am. J. Cardio. 
~: 323' 1972. 
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Amende, I., Krayenbuchl, H.P., Ruti s h auscr, W. , 
P.: Left ventricular dy nami cs during hAndgrip. 
Jour. ~:688, 197 2 . 

:1nd \\' i r :: , 
Hri t • II. 

22 . Mullins, C.B., a nd Bl omqvjst , G:: f somctr1c CX <'rL: t sc ;1,\l l 
the cardiac patient. Te x . ~le d. Q._~:J, 1~l7:1. 

23. Fisher, M.L., Nutter, D. O. , Jacob s , W. ;1nd Sc h l:1111 , l ~ . l:.: 
Haemodynamic r es p onses to i son1ct r ic e xerc i se (h:tndg ri. J1) i.n 
patients with h e art dis ease . Brit. H. Jour. :~5 ;4 2:.: , i:J73 . 

During the pas t five years eva luntion of isometric ex erl~ i.sc 
responses has been p er fonn e d in many l oboratories du ring l ef t h .~art 
catheterization, and the normal response to varying levels or 
exertion has been defined. As a rule, the marked i ncreas e i n aftl'r
load ·that results from the s tatic exertion j s a ccom pa ni e d i··r ::111 

increase in left ventricular contractil e for ce , h OI\'C"e r IIJ C·~;c; 11r e d . 
There is no change or only a small ri se (5 nun Hg) i n J eft ve ntri
cular end diastolic pre ssure , impl y in g that the Storl ing mech ani s m 
is not required in a major wa y to meet th e jinposecl stress. The 
extent of rise end diastolic pressure v<:ries Hith the p r es su re 
load, as would be expected . Mullin s & Blomqvi st h a ve de scr.ibecl 
typical responses in a pati ent with re lative l y no rma l left v e ntTi
cular function and these are s hown in Figure ::i. 
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At both 25% and 50% of max imal voluntary contraction in a 
patient with a calcified mitral annulus, there was a marked increase 
in left ventricular systolic pressure and a mod e rate incr ease in 
heart rate . Stroke work ind ex increased significantly while left 
ventricular end-diastolic press ur e remained constant at 25% of 
maximal voluntary contraction and only increased slightly at SO%. 

24. Grossman, W., McLaurin, L.P., Saltz, S.B., Paraskos, J.A., 
Dalen, J.E., and Dexter, L.: Changes in the inotropic state 
of the left ventricle during isometric exercise . Br. Heart 
J. ~:697, 1973. 

25. Quinones, M.A., Gaasch, W.H., Waisser, E., Thiel, H.G., and 
Alexander, J.K.: An analysis of the left ventricular response 
to isometric exercise. Amer. Heart J. ~:29, 1974. 

26. Martin, C.E., Shaver, J.A., Leon, D.F., Thompson, M.D., Reddy, 
P.S. and Leonard, J.J.: Autonomic mechanisms in hemodynamic 
responses to isometric exercise. J. Clin. Invest. ~:104, 1974. 

27. Kozlowski, S., Brzezinska, Z., Nazar, K., Kowalski, W. and 
Franczyk, M.: Plasma catecholamines during susta ined isometric 
exercise. Clin. Sci. Molecular Med. ±i:723, 1973. 

In the normal left ventricle there is a marked increase in 
contractility during isometric exercise. · ~ ~ is has been shown by 
analysis of ventricular function curves an cl isovolumic indicies 
of myocardial contractility. Further,studie s of pla s ma catecho
lamines during sustained isometric exertion s uggest that the 
hemodynamic responses are due to a powerful activation of the 
adrenergic n ervo us system. 

28. 

2. Animal Studies 

Coote, J.H., Hilton, S.M. and P~rez-GonzQles, J.F.: 
nature of the pressor response to muscular exercise . 
(London) 215:789, 1971. 

The reflex 
J. Physiol. 

29. McClo skey, D.I. and Mitchell, J.H.: Reflex cardiovascular and 
respiratory responses originating 1n exercising muscle. J . 
Physiol. (London) 224:173, 1972. 

30. Fisher, M.L. and Nutter, D.O.: Cardiovascular reflex ad just 
ments to static muscular contractions in the canine hind
limb. Amer. J. Physiol. 226:648, 1974. 
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31. Reardon, W.C., McClo s key, D. I. and Mitchell, .J.ll .: C:Irdio
vascular responses during induced i s ometr ic exe rci s e. Clin. 
Res . ~:12, 19 74 (Ab st r.) . 

32. Crayton, S., Aug-Din g , R., Fixler , D. ancl Mitchell, J . I-1 .: 

33. 

Distribution of Cardiac output . duri ng static muscula r contr a
ctions of the canine h ind Jim b . Feel. Proc. ~:421, 1 975 (.\b s tr). 

Diepstra, G, Gonyea, IV. and ~ I i t c he J I, .J. II. 
observations . 

Pr e limj 11:1ry 

The cardiovascular effect s or o; tatic exercis e ha ve bee n fur
th er examine d in ex periment s on a nest l1 c t i ze d cats <lnd do gs . A 
study of jsometric exercise in c <Jts induced by stimulati ng s pinal 
ventra 1 r o o t s w a s car r i e d out b y R e a r d o n e t . a l and i s s h o lv n i n 
Figure 4 . 

Heart Rate 
(beats/min) 

Arterial 
Pressure 
(tnmHQ) 

LVP 
(mmHQ) 

Resp. Flaw 

Resp. Volume 

L.l40cc) 

Figure 4 

During induced isometric exe rcise there was an increase in 
heart rate, arterial blood pres s ur e , l ef t ventricular sy s tolic 
pre ss ure and the maximal rate of left ventricular pressure rise . 
Furtl1er analyses demonstrated that there wa~ a marked increase 
in · the contracUlc state of the left ventricle which disappeared 
after B-adrenergic receptor blockade with propranolol. 
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It has also been s ho1vn in stuuies of induced isometric exercise 
in dogs th a t there is an increase i~ cardiac output which is also 
abolished by 8-adrenergic receptor blockade with propranolol. 
Furth er, Crayton has de termined the distribution of cardiac output 
during induced isoJnetric exercise by radioactive microspheres 
and this is s hown in Figure 5 . 
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During induced isometric exerc ise there was a 26% increa se in 
cardi ac output. Th e greatest change in flow was to the isometri
cally exercising hind limb which increased by 453%. Renal blo od 
flow decreased by 1 8% . Flow to the brain, sple en, liver (via 
hepatic artery) and inactive mus c le remained n ear control values. 

· of interest is th a t flow to the heart did not increa se signifi 
cantly during induced isometric exercise . Since isometric exer-
cise increases heart rate, arterial blood pressure, an d co ntractility 
of the left ventricl e , it would a~pear that myocardial oxygen 
demands would be significantly increased. 

The failure of coronary blood flow to incr ease under th ese 
circumsta nces suggest that isometric exercise causes se lective 
coronary vasoconstr ict io n. Such a po ss ibility is being further 
studi e d in both the anesthetized dog during induced isometric 
exercise and in some preliminary studies on awake cats performing 
~olunt ary isometric exercise. 
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B. Acute Effects of Combin ed Static and Dynamic Exercise 

13. Loc. Cit. 

34. Lind, i\.R., McNicol, G.\\'.: Ca1'diovascular r es pon ses to holding 
and carrying weights by hand and by s hould er harness . J. 
Appl . Physiol . .?.2_ : 26 1, 1968. 

35. Jackson, D. H., Reeves, T. J . , Sheffield, L.T. and Burdesha1v, 
J.: Isometric effect s on treadmill exerci se r espo nse in 
he a lthy young men. Amer. J. Cardiel. l_! : 34!J, 1973. 

3 6 . ·N e 1 s o n , R . R . , Go h e 1 , F . L . , J o r gens en , C . R . , \IJ a n g , K . , \\'an g , Y . 
and Taylor, H.L.: Hemod yna mic pr ediction of myocardial 0.\1\~C' n 
consumpUon during static a nd dynamic exercise. Circ. 50: 
11 79, 1974. 

The cardiovascular chang es induced by static exercise per
sist, undiminish ed, during dynamic exercise . Thi s has pot en tial 
importance in terms of myocardial ox yge n demand s . It ha s hecn 
shown that the double product ( sys tolic blood pre ss ure X hear t 
rate) is a good index for the prediction oF myocard i al oxyge n 
consumption during static and dynamic exercise . The fact that 
this index is hi gher durin g combined sta tic and dynamic exercise 
is shown in Figure 5. 
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A norm a l s ubje ct walked on a treadmi ll a t 1.7 mph and 0% 
grade . Wh en not carrying a lo ad (N) there was a small increase 
in the doubl e product indicat ing lit tle increase in myo ca rdi a l 
oxy ge n demands. Wh en he carried a 40 lb wei ght on his back (B) 
or a 20 lb weight in each hand (D) , there was a further inc r ease 
in myoc ard ial oxyge n demands. Howev er, when the s ubj ec t carri ed 
a 40 lb wei ght in on e han d (H) there was a marked increase in 
the double product. Thus the myocardi a l oxyge n demands for a 
given combined static and dynamic exercise load can b e r cig ul a ted 
by th e lo ad distribution. Th e i mport ance of this finding will 
be di sc ussed l ater in th e section on static exercise in patients 
with coron a ry heart disease. 

C. Chronic Effect s of Static Exercise 

37. Muller, E.A.: Physiological method s of increasing human 
phy s i ca l work capacity . Ergonomic s Rese arch Society . The 
Society's Lecture, 1965, pp. 410-424. 

0 
38. Saltin, B. and Astrand, P.-O.: Maximal oxygen uptake in 

athletes . J. Appl. Physiol. }]_ : 353, 1967. 

3~. Keul, J.: The r e l ationship be tween circulation and fu e t abolism 
durin g exercise. Medicine and Science in Sport s . ~: 2 09, 
1973. 

· 40. Lind, A. R.: Cardiovascular responses to s tatic exercise. 
(I s ome trics, anyone?}. Circul a tion !!_:173, 1970. 

41. Reinde l!, H., Klepzi g , H., St e im, H., Musshoff, K., Ro skamm, 
H., and Schildge, E.: Herz, Kreislaufkrankheiten und Sport. 
Barth -Ver lag-Munchen, 1970. · 

In recent years ther e has bee n much popular int eres t in i s ome tric 
exercise as a quick and eas y way fo r busy city dweller s to achieve 
phys ica l fitnes s . However , even int ense and prolonged pro grams of 
i sometric trainin~ lead to littl e or no significant increase in 
maxima l oxyge n uptake or c ardi a c reserve. 

The maximal oxygen uptake of champion Swedish athletes in 
various sports ha s been s tudied by Saltin and ~str a nd and these 
are shown in Figure 7. 

- . 
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It is seen that max ima l oxygen upt akes are increased i n athletes 
in sports requirjng high int ensi ty dynamic trainjng s uc h as cross 
country skiing and distance running and are just above untrained 
subjects in athletes comp et ing in sports requiring predominantly 

· static training such as wre s tling and weight lifting. 1n fact 
champion table tennis players have hi gher maximal oxygen upt akes 
than do weight-lifters. 

Xeul has also s l1own that athletes participating in dynamic exer
cise training have larger h earts and larger maxima l oxygen pulses 
t han do weight lifters or norma l subjects. This is s hown in Figure 8 . 

FiguY' e 8 
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professional cyclis ts (32) 1083 
·---~ 

max. oxygen pulse (ml ) 
12 13 11. 15 16 17 18 19 20 21 22 23 21. 25 26 X 
I I I I I I I I 

normals (1.5 ) 11..7 
1--
wetght l tf ters I 9 ) I • I 15.6 

gymnasts ( 17 ) I . I 1t..t. 

boxers · I 18 ) I 17.1 
I-· 

19.6 cross country s~ ter s ( 18) -; 

protess•onol cyclt sl s I 32 ) I 22) 
'-'-· -

' . 
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The total h eart volumes of normal subjects and weight lifters 
are smaller than cross country skie rs or pro fess ional cyclists. 
Also the ma x imal amount of oxygen d e1ivered each be a t (maximal oxygen 
puls e ) i s l1i gher in cross country skiers and professiona l cyclists 
than in weig h t lifters or normal s ubje c t s . 

lt i s p oss ibl e , however, th:lt c hampion athlet es choose their 
events b eca u se of ge net ic pr ed i s pos ition. ll owever , a study by 
Keu] or idential t· \\1 ill ~; h;t s s hOI~ Il t · h:-~t this i s probably not the C<lse. 
l) 11 e 0 f ! h e t \v j ll S t r; I i n (' d r lJ r S C V l' r ;1 l y e; I r S j ll \v (' i g h t l j r t i 11 g :1 11 d 
t h c . o t h e r i n en d u r a n c c run n i n g . 'I' h c \\; e i g h L .l i r t e r \vas . .l b . kg h c a v i e r 
!.han th e runn e r but both hi s ma x ima.! oxygen 11ptak e (l.R l/1nin) and 
heart volu1ne (560 ml) 1vere s mall er t han the runn er 1vhose lll:l X.iiPal 
oxygen uptak e was 2. S 1/min and h e:1 rt volum e \va s 710 ml . 

. J T 1 • 

4 2 . 

lHJ\GNOST lC usr: OF STATIC I:XI: I<CLSE lN Ci\ IWJOV/\SCULJ\R DlSl :i\SE 

i\. l:val.u a tion or VnJv c l. cs ion s 

~1cCraw, n.ll., S ie ge l, IV., Sto ne c iph e r, II.K., 
Sc hl ant, H.C., ;~nd llt1r st , .J.II'. : Res pons e of 
:intensity t o i so metri c (haJ~t1grip) exe r c i se . 
~~ : 6 0 5 ' 1 9 7 2 . 

Nutt e r, fl.O., 
henr t murmur 
Brit . lleart J. 

43. Ram<lkrishn:~, N.C.: S u s tain e d i so n1 cL r ic hand g rip : Ohio State 
~1 e d . J . ri 9 : 1 1 3 , B n . 

44. Ca ssidy, J., 1\rono w, W.S., 011d l' r:Jk::J s h, R.: Th e e ffe ct of 
:isometric exercise on t he systo li c 111urmtn of pati e n ts IVith 
·i d i o p at h i c h y p e r t r o p 11 i c s t 1 h " o rt i l · s t e n o s i. s . C h e s t. 6 7 ; 3 9 5 , 1 9 7 5 . 

I somet ri.c exercise ha s h ec n use d to c h<H<lct e ri. ze and eli ff
erentiate the ori g in of murmur from se veral . types of valv e lesions. 
The effect of this manu ever 011 th e IIIUI.'IIItlrs from aortic v:1lv e 
di s e ~se :i s s hown in Pi g ur e 9 . 

REST 

2 LICS 

APEX 
200 

APEX 
50 

100% MVC 
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During rest there is a promiijcnt s ystolic ejec tion murmur 
and a minimal di as toli c mu r mur. Ustng 100 % maximal voluntary 
contraction (MVC) the intens it y the systolic e jection murmur de
creases and that of the diasto lic m'urmur increases. 

Th e effect of i sometric exercise on murmurs from the mitral 
valve are s hown in fi gure s 10 anJ ll. 

Fiau r e 1 0 

REST 100% MVC 
Figur e 11 

t---....'''M---J ;,.._., __ _ 
2 LICS ,, I•' 

O.S. ,,..... __ ) .. ,,.,.. . .,.._. ___ ..., 

REST 100 % MVC 
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In Figure 10 th e s or t holo s ys tolic murmur of mitral regurgi
tation is markedl y accen tuat ed by isometric hanclgrip. In Figure 11 
from a reco r din g of a pat i ent with mit ral s tenosis, isometric 
handgrip in c r eased the inten s ity of the mitral diastolic murmur. 

Thus i sometric hancl gri p i s us eful i n differentiating the systolic 
murmur of aortic and mitral ori gin. Tl1e s ystolic murmur of aortic 
origin becomes l ess intense and that of mitral origin be c ome s more 
intense. Since hanrlgrip increases the intensity of the diastolic 
murmur of aortic regur gitation it i s useful in distingui s hing 
this lesion from pulmo nic r eg urgita tion in which the murmur is not 
altered .by handgrip. Jl a ncl grip may inten s ify an inaduible murmur of 
mitral steno s is. Also the murmur of idiopathic hypertrophic sub
acute stenosis is decreased in intensity during static exercis e . 

B. Evaluation of Coronary He a rt Diseas e 

1. Estimation of the adequacy of J:tyocarclial blood flow 

45. Jackson, D. H.: Isometric (dynamometer) stress testing in 
coronary heart di se a s e. Alabama J. Mecl. Sci., 1:310, 1970. 

46. Siegel, W., Gilbert, C.A., Nutter, C.O., Schlant, R.C. and Hurst, 
J.W.: Use of i so met ric handgrip for the iridirect assessment 
of left ventricular function in patients with coronary athero
sclerotic heart disease . Am. J. Carcliol. _3_Q_ :48, 1972. 

47. Helfant, R. H., Banka, V.S., DeVilla, _M.A . f Pine, R., Kakde, V. 
and Mei s ter, S.G.: Use of bicycle ergometory and s ustained 
handgrip exercise in th e di agnosis of presence and extent of 
coronary heart disease. Brit. Heart J. ~:1321, 1973. 

48. Hai ss ly, J-C., Mes s in, R., Degre, S., Vandermoten, P., Demaret, 
B. and Denolin, H.: Comparative responses to isometric (static) 
and dynamic exercise t es ts in coronary disease. Amer. J. 
Cardiol. ll:791, 1974. 

49. Kerb er , R.E., Miller, R.A., and Majjar, S.M.: Myocardiac 
ischemic effects of i sometric, dynamic and combined exercise 
in coronary artery disease . Chest §]__:388, 197·5. 

SO. Lowe, D.K., Rothbaum, D.A., McHenry; P.L., Corya, B.C. and 
Knoebel, S.B.: Myocardial blood flow response to isometric 
(handgrip) and tr eadmill exerci~e in coronary artery diseas e . 
Circul. ~:1 26 , l ~J75 . 

It ha s been sugge s ted th a t is6me tric exercise may have a useful 
role in eva luating the adequacy of myocardial blood flow in patients 
with coronary hear t di se a se. However, this ha s not proved to he 
th e case in most reported studie s . It appears that dynamic exercise 
testing wit h a bicycl e crgontctcr or treadmill i s much more likely 
to produce angina pectoris or ST segment changes than is static 
exercise testing . Th e ffects of both handgrip and treadmill 
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testing on Lead II of the electrocardiogram of a SS year old man 
with severe three vessel coronary disease is shown in Figure 12. 

F'igur e 12 

The ischemic ·ST depression occurs during both tests, b0t is 
more severe with the treadmill test. 

Several studies have suggested that static exercise stress 
testing is a less sensitive method for producing ischemic changes 
than dynamic exercise stress testing. This is probably du e to less 
myocardial oxygen demand and higher aortic dia s tolic pres s ure 
(coronary perfusion) during static as compared to dynamic exercise. 

In view of our previously discussed findings in animals, it 
would be of interest to determine if coronary blood flow i s the 
same for a give11 double product (myocardial oxygen demand) produced 
by static and by dynamic exercise. 

2. · Estimation of the Occurrence of Cardiac Arrythmias 

46. Loa. Cit. 

4 7 • Loa. Cit. 

48. L oa . Cit . 

51. Atkins, J.M., Matthews, O.M., Houston, J.D., Blomqvist, C.G. 
and Mulli~ s , C.B.: Arrythmias induced by isometric (handgrip) 
exercise and dynamic exercise Clin. Res. 19:303,.1971 (Abstr.). 

A controversy exists concerning the incidence of arrythmias 
induced by isometric stress testing in patients with coronary heart 
disease. Since s udden death in such patients is probably secondary 
to ventricular fibrillation, it is important to identify those who 
are potentially vuncrable to such attacks. In some studies the 
incidence of cardiac arrythmia s has been higher during dynamic 
exercise stress testjng and in others the incidence has been higher . 
during static exercise stress testing. 
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The EKG of a 67 year old man with c lini cal l y typical a ngi na 
pectoris who was studied by Kerber and coworkers is s hown i11 Pigure 
13. 

Figure 13 

Con trol Hand gr ip Treadmill 

In the control tracing ther e were a few .s ingl e premature 
ventricul a r contrac tion s . During handgrip exercise mult ifocal 
paired premature contractions occurred and during treadmill 
exercise the premature contrac tions di sappear e d . Atkins and co 
workers have reported mor e f requent oc currences of premature 
ventricul a r contractions a nd ventricular tachycardia during iso
metric exe rci se than during dynamic exerc i se . 

More studies using isometric testing a t 50% maxima l vol~ntary 
contraction and continuous electrocardiographic mon itering are 
needed to r eso lve thi s controversy. It is possible that patient s 
who have ventri c ul ar arrythmi as during isome tric exercise are 
prone to s udden death, and a study to answer this question needs 
to be carried out. 

C. Evaluation of Left Ven-ricular Function 

17. L oc . Cit. 

18. · L oc . Cit . 

19. L o c . Cit. 

20 . L oc. Cit . 

21. Loc. Cit. 

22. L oc. cu. 
23. L o c. Cit. 

52. Payne, R.M. , Horwit z , L.D., Mullins, C.B. : Compari so n of 
isometric exercise a nd angio t ensi on infusion as st r ess test 
for evaluation of l ef t ventricula r f unction. Am e r . J. Cardiel, 
l!_:428, 1 973 . 



- 19 -

53. Kr ayenbuehl, H.P., Rutishauser, W., l~ir z, P . , Amend e , I., 
Mehmel, H.: Hi gh-fidelity lP.ft ventricular pre s sur e mea s ure
me nt s for the assessment of c.:~rdiac contractility in man. 
Amer. J. Cardiol. l.!_:tllS, 1973. 

Isometric exercise appea r s to have potential value p:1rti c ularly 
a s a t e s t 1- o r 1 e f t. v c 11 t r i c u J n r run c 1 i o 11 • I n c e r t a i n r e s p c c t. s i t 
111 :1y be s up erior to the ;Jngiot c nsio n infus i_on t e st i n t hi s regard. 
Sever.1l group s hav e 110111 r eport· cd tlwt ventr i c ular [unc tiClfl cu rv e s 
dra1vn from values obtained :Jt rest al!ll during handgrip arc steep 
in riormal s ubj ects and tend to be l e ss steep or flat in p:ttient.s 
with h eart disease. An exampl e o[ thi s finding from the st udy 

· of Kovowitz and coworker s is sho1•n in Figure 14. 

Figure 14 

X 
80 NYHA CLASS w 

0 
::z 

7 ~ 60 0::: 
0 
3: 

-~ w 40 m ~ 
0 • 0:: 
I-
Cf) 20 
:J 

2 10 20 30 
LV E-ND DIASTOLIC PRESSURE 

Left Ventricular function curves were co n s tructed hy relating 
left ventricular stroke work index to left ventricular end diastolic 
press ure. Th e tail of the arrow designates nverage control va1ues 
for each group, whereas the arrowl1end plots average results durin g 
handgrip ·. Th e patient s in New York ll eart Association Class 1 had 
a steep rise in stroke work index with little change i n l ef t veJltri
cular end dia sto li c press ur e indicating a n increase in contractility. 



I! 
I! 
II 

II 

I 

J 

- 20 -

The patients 1n Class II had a highe·r resting left ventri.cular end 
diastolic pressure and also had a les s steep ri se in stroke work 
index and a greater increase in left ventricular end dia s tolic 
pressure. The patients in Class III had a slight de c rea se in stroke 
work index associated 1vith a marked ri se in l ef t ventriculor end 
di astolic press ure. It appe;.~rs that the l ef t ventri cule in Class 
II and Class lii patients ha s little or no physiological ctpacity 
to improve its contractile state and i s operating on a depress ed 
Frank-Starli.ng curve. Res ull s arc ~~ i111i.lar when ventricular function 
is evalunted by s :impl e fuJJcl .. i on curves or by derived indici es lvhich 
sup posedLy measure contr:1ct il e elc JII t'Jlt hchavjor. 

C.h an g e s t h at o c c u r i. 11 IJ L' a r t r ;, lc' cl u r in g i so m c t r i c c :-; e r c is e may 
make evaluation of ventricuLar ftmct ·iun in cardiac patients diffi 
cult at times. Therefo re, i\mcnde et :JJ kept heart rate constant by 
electrical pacing during the isometric handgrip t est . The results 
of the :i r s t l:l d y are s h 01v n i. n F i g u r c 1 S . 
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Group I patients had a normil left ventricular end dia s tolic 
pressure at rest and respond ed to l1 andgrip with a significa nt 
1ncrease in left ventricular stroke work .index with an essentially 
unc han ged end diastolic pressure; they were considered to he normal. 
Group III patients had an increased l eft ventricular enJ di;tstolic · 
pressure at rest and responded to hand grip with a significant i ncrease 

. ~: 
------ _l.L 
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in l e ft vent ricular end di asto li c p~ess ur e with an insignificant 
increase in st r oke work inJex; they \~ ere obvious l y abnormal. 
Group II patients had a no r mal le ft ventricular end diastolic press ur e 
a t rest but demonstr ated a s i gnificnat inc r ease in both end diastolic 
pre ssure and stroke work index duri ng handgrip; thi s group •1 ould 
ap pear to hav e abno rmal left ventricular function . It i s fn thi s 
identification of patients that may seem to have no r ma l ventricular 
function a t rest, but who develop abnormalities when stressed , chat 
isometric exercise prob ably has a n espe ci a lly useful c linic a l role. 

54 . Cohn, P.F., Thompson, P., Strauss, W., Todd, J. and Gorlin, 
R. : Diastolic heart so unds duri ng sta tic (hand gr ip) exerc i se 
in patients with ch est pai_n. Circul. !!_:121 7 , 1973. 

55. Matthews, O.A . , Blomqvist, C.G . , Coh e n, L . S. and Mullins, C. B.: 
Left ventricular fun ction during is ome tric exercise (handgri p): 
s~gnifiance of an atrial ga llop (S4). Am . Heart J. §_§_:686, 1974 . 

Studies have shown t hat the development of an atrial (S4) ga llop 
during isometri c ha nd gr ip s ignifie s a grea t er depression of left 
ventricul a r function th an does an atrial gal lop at r es t th a t per
sists during th e test. An example of this from the st udy of 
Matthews a nd coworker s i s s hown in Figure 16. 
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The pati ents with no S4 and thos~ with a sustained S4 showed 
a signifi ca nt increase in stroke tvork :inde x with little change in 
l eft ventri cular end diastolic pressure during isometric exercise 
of 25% and 50% maximal voluntary contraction . The patient s who 
deve loped all S4 s how ed no c han ge [ iill l a decrea se in st roke work 
ind ex at 25~; and SO% m;1ximal voluntary contract :ion respectively 
and a marked :increa se in Jcft ventrc ular end dia stolic pressure. 
Thi s simp le procedur e 111a y he used as a test of left ve ntricular 
runct :ion at t·he pa tj en t' s h r d s ide. 

IV. STA'I'JC u;EJ~CTSE IN 1'/\Tll;NTS WJTII CARDIOVASCULAR DISJ:ASE 

40. Lac. C1:t. 

From a cardiological vi~wpoint, i sometric exercise is relatively 
u se less and should not be s t1b s tituted for the use of dynamic exercise 
in its possible prophylacti c and therapeutic value in certain types 
of cardiac disease . In fact it remains possible that intense static 
exer tion should be avoided in s ome of these patients. 

A. Patients with Systemic llypertension 
I 

56. Kiveloff, B. and Huber.: Brief maximal isometric exercise 
in hypertension. J. Amer . Geratrics Soc. _!1:1006, 1971. 

57. Hoel, B. L., Lorentsen, E. and Lund-Larsen, P.G.: Haemoclynamic 
responses to sustained -hand- gri p in patients with hyp er tens ion. 
Acta med. scand. 1_8Jl_:49l, 1970. 

58. Ewing, D. J., Irving, .J. B., Kerr, F. and Kirby, B.J.: Static 
exercise in untreat ed systemic hypertension. Brit. Heart J . 
~:413, 1973. 

Even though isometric exercise has been advocated as treat
ment in hypertension, it would appear that this type of activity 
could be potentially harmful in hypertensive patients. Studi es 
of the carcliovas vular responses to sustained handgrip in hyper
tensive patients have . s hown that sys'tolic, diastolic and mean 
arterial pre ss ure increase mark ed ly with moderate increase s in 
heart rate and cardiac output. 

An example of this response in a hypertensive patient studied 
by Ewing, Irving, Kerr and Kirby is shown in Figure 17. 
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The patients resting systolic pressure was 220 mm Hg , end 
diastrilic was 1 30. During isometric exercise at 50% maxima l 
voluntary contra~tion hi s systolic pre s sure rose to 310 mm Hg 
and diastolic to 142 mm Hg. Similar increases in pre ss ure a re 
seen in normal subj ec ts but the very hi gh l evels ar e achieved in 
hypertensive patients be cau s e of th e high baseline level of 
resting pressure. 

Although well documented reports are rare, it see ms likely that 
the hi gh pres sure s that occur in th e arterial system during static 
exercise in hyp ertensive pat ients may have c l i nical importanc e . 
Su ch elevation in systemic arterial pressure co ul d theoretically 
precipitate cerebrova s cular hemorrhage or l eft vent ricular failure 
in s usceptib l e pa ti ent s . 

B. Patients with Co ro nary Heart Disease 

4. Loc . Cit . 

35. Loc. Cit. 

40. Loc . Cit. 

46. Loc. Cit. 

51. Loc. Ci-t . 
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Th e r e a r c ma n y anecdo ta l rep o rt s of u nt01vanl eve nt s o cc urrin g 
in pati e nt s with coron a r y h ear t d tsca s c dur i ng lw:1vy st<1ti c e xercis e 
s u c h a s s hov e l ing s now, cha n g in g a t i re, or st r :1in in g to open a 
s tuck w i n cl ow . So 111 c p a t i en t s s c c 111 -:- o h n v c t h c L r L. h c s t p a i n o n l ~, 
w:ith i so met ri c arm 1vo rk or 11•h c n i sometr i c a rm h·or k is addL'd to 
d y nami c I eg cx e.r c i sc . /\s ll' a s di sc u s sed ca rl i c r it appe:1rs t h ~t t 
my o c ard i :tl oxyge n d e nwnds :1r0 incrt' ascd tvh c n sta ti c exerc i se i s 
:Hided t o d\' lt ~tmic C'xcrc ·i sc. lh c sv nrlr OIIIC o i" " ;tirp o rt an g i11 :1" m i ~:!Ji· 
he cx pl :tin c d on thi s h:-J s i ;; , " /\ir po rl :1n g ina" i s d c l" ·in ed :1s th e 
S C' V l' r C ;t J1 d till C X Jl C C t E' d it tl ); i ll il ; I p; I t i C. ' II t· C X p C I' i C ll C C S ::1 t :t II :.1 i r 11 0 r t , 
1vhil c 1v:1lkin g at a r :11. e u s ltalh· L·omi' o l't :thl y t o l e r ate d h 11 t i s 
c:1rry in g :1 !t c a v~· hri c rc ;Jse o r Stlit· c:I Sl' . Th e r esponse ul" :1 p ~1 t icnt 
1v.ith uno n:1r y h e art di c;c;-tsc s tudied h ~· .Jackson :1 nd L'O ivo rk e rs wh o 
i 1 1. u s t r a U' s t h i s Jl o i 11 t. i s s h o lv 11 Lll I : .i g u r c I R . 

I 
00 

:z:: 
E 
E 

~ 
:::> 

"' "' ., 
a: 
'0 
0 
!2 ' 
en 

1 .. 
~ 
E ..__ 
"' 
"' ., 

D 

~ 
"' 0: 

"' ., 
:z:: 

20 lbs eac h 
hand 

I 7 mph 

No we1ght s 

O"lo, I 7 mph 

stop 

40 lb s 1n 11 ght hand · 
O"'o . I '/ mph 

stop 

~ 40 lb s on back 
O"'o, 1.7 mph 

stop 

~ 

~ f'vv. 

5 rn1n 
rest 

5 mm 
rest 

Time mm 

5 rnin 
rest 

Walking at 0% grade at 1.7 mph without carryi n g :.1 ny weights 
causes littl e in c rea s e in a rt e rial blood pre ss ur e or heart rate. 
C a r r y i n g a 4 0 l b we i g h t o 11 h .i. s b a c k \y h :i l c w a 1 k .in g c a u s e s a s m a ll 
increas e in blood pr ess ur e and heart rate and thi s response js further 
aggravat e d wh e n the weight is e qual.ly di s tribut e d in eac h hand. 1\ 
marke d .in cr0 asc in blood pr e ss ur e and heart r ate occurs when the 
40 lb weight i s carried .in right hand. Thus the double product, as 
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an indicat ion of myocardial oxygen demand s , would be hi gher when 
the patient was walking with the 40 lb weight being carried in 
one hand than when carrying the same 40 lbs distributed between 
his two hands or, even better, on hj s back. 

Sudden death aJlpears to occut· mor e frequently during s t at ic 
exercise then Jurjn g dynami c exe rcis e . /l. s ha s been discu s s e·d 
earlier, it appears that stahc exercise can produc e cardiac 
arrythmias in some patients with coronary heart disease. In 
the study of 1\tkins, Matthews, Houston, Blomqvist, and Mullins 

.potentially fatal arrythmias occurred during isometric exercise. 
An example from their study of ventricuar tachycardia occurring 
during isometric stress testing is shown in Figure 19. 

Figur e 19 

J. s. #25-36-18 CONTROL 

50% MVC 2' 

X 

z 

The Frank lead system is used for recording the electrocardio
gram. The control tracing is shown above and that during 50% maximal 
voluntary contraction held for 2 minutes (50% MVC 2') is shown below. 
Ventricular tachycardia occurred and spontaneously returned to normal 
sinus rhythm after hanclgrip releas e . As previously pointed out, it 
is possible that coronary heart di seas~ patients who have ventri
cular arrythmias during i sometric exercise are prone to sudden 
death. It is important that studies be perfor_med to answer this 
question. 
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C. Patients with Depress ed Left Ventri c ul ar Function 

2 2 • Lo c . Cit. 

2 3 • Lo c. Cit. 

40. Loc. Cit. 

As has previous l y bee n di s cussed, there i s littl e incre as e i n 
left .ventricular end dias tolic pr es s ure during i s omet ric exercise 
in normal subjects o r patients with normal l e f t ventr i c ul a r function. 
However, marked eleva tions of left ventricular end dia s tolic press ure 
may occur ip patients wi th abnormal left ventricul ar function. 
Examples of this are shown in the study by Fisher and coworker s 
in Figure 20. 

I 
NORMAL LV 
FUNCTION 

II 

Figur e 20 
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The left ventricular end diastolic pressure (LVEDP) is s hown 
at rest (R) and during isometric hanclgrip exercise (Il!E). Little 
elevation is seen in patients with normal left ventricular function 
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and with mitral stenosis . However , a few patients with a normal 
left ventrical end diastolic presst1re ( < 1 2 mm Hg) at rest and 
abnormal left ventricul ar function and many with an e l evated left 
ventricul a r end diastolic pressure (> 1 2 mm Hg) at rest and 
abnormal left ventricul ar functions hav e a marked elevation of 
left ventricular end di as tolic press ur e Juring static exercise . 
If such elevations were maintained· for a s i gnif icant pe riod of 
time, left ventricular failure and ensuing pulmonary congestion and 
edema might occur. 

V. CONCLUSIONS 

In recent years an increased interest has developed in the 
physiological effects of sta tic (i ~ometric) exercise on the heart 
and vascular system. Thi s form of exertion imposes a significant 
pressure load on the left ventricle. Repeated exercis e of this 
type causes little, if any, training effects on the cardiovascular 
system. 

Clinically, isome tric exercise is poten~ially important in 
two areas . One is the diagnost ic use of the h ~ndgrip stress test 
in the evaluation of valve lesions, coronary heart di sease and 
left ventricular function. The other i s the possible harmful 
effects of this form of exercise on some patients with cardio
vascular disease. 


