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case I 

History : The patie nt i s a 29 - ye a r- o ld  male whos e chie f 
complaints we r e e x e rtiona l dyspne a , orthopne a , and pa r oxysmal noc
turnal dys pne a . He states that he wa s in good he a l th until one 
month be for e admiss i on . At t ha t time he f irs t note d shor tness of 
breath after walking several b l oc ks a nd be gan sleep ing on two pil
lows . He was awake ne d at night shor t of bre ath a nd would have to 
sit up for some time to re li ve this cond ition . He de nie d any 
swe lling of the f ee t and ank l s or histor y of rhe umatic f e ve r , 
lue s , or substernal c hest pain . The pati e nt gave a history of 
he avy alcoholic intake, ha rd la b or and ina de quate d i e t . 

Physical examination : Phys i cal e x amination re ve ale d a we ll-de ve l
ope d , we ll-nourishe d c o l or e ma l in no acute dis tr ss . Puls e was 
80 and r e gula r . Blood press ur 190/ 120 with puls us a l t e r nans of 
30 mm Hg . Eye g r oun s sh we d a r t e rio l a r na rrowing and A-V nicking 
but no he mor rhage s or e x u ate s . Ce rv i cal ve ins we r e not d iste nd e d . 
The thyr oid wa s not e nla r ge d . Lungs r e ve ale d f ine cre pitant rales 
in both base s . The h .a r t was slightly e nlarge d wi thout murmurs or 
gallop r hythm . The live r , splee n a nd ki dne ys were not palpable. 
No bruits we r e he a rd ove r renal a rea s . There was no e de ma of the 
f ee t or ankle s . 

Lab~ratory : The chest f ilms showe d ca r diom galy with pre dominant 
l ef t ve ntricular e nlarge me nt . The e l e ctr oc ardiogr am was inter
pre t e d as _l e ft ve ntricul ar hype rtrophy and with no alte rnation of 
the QRS comple x . VMA a nd IVP t e st was negative . Angiote nsin in
fusion t e st was indicative of esse ntia l h yper t e nsion . The patie nt 
had a right-side d ca rd iac cathe t e rization a nd dire ct a r t e rial pres
sure r ecording . Me chanic a l al terna ti on was r e c orde d in both sys
t e mic and pulmonar y c i rc ula t ions . 

Diagno~es : l ) Ess e ntia l hype rte nsion 
2 Hype rte nsive c a r diovas c u l a r d ise ase 
3 Possib l e nutr itiona l he a rt d i s e a s e 

Comme nt : Pulsus alte rnans at a he a r t r ate of 80 in a patie nt with 
l ef t ve ntricular f ai l ur e is a poor pr ognostic sign . 
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case I I   

History : The patient is a 62-year-old  male whose chief com
plaint was "fast he a r t " action . This attack be gan one day prior 
to admission and was associated with shortness of breath and left 
lateral chest pain . Similar e pisodes of "fast heart" action have 
been present for the past 15 years but have gotte n progressively 
worse during the last one or two ye ars . They last 30 to 40 min
utes and usually respond to the Va lsa lva maneuver or carotid sinus 
massage . He has been taking Quinidine for the past ten years and 
has terminated attacks by increasing the dosage of this drug . The 
pati~nt denied shortness o f breath (except with rapid heart action), 
orthopnea, paroxysmal nocturnal dyspne a and swelling of feet and 
ankles ~ No history of prev ious chest pain , r heumatic fever, or 
lues was elicited. 

Physical examination : Physical examination reve ale d a rather 
obese white male in no acute distress . The pulse was 170 and regu
lar. The blood pressure was 130/ 70 with me chanical alternans. The 
eye ~r ounds were normal . No cervical venous distention was pres
ent . The _ thyroid was not palpable . The lungs we r e clear to per
cussion and auscultation . The heart was not e n l arged and the 
rhythm was regular at 17 0/ min . There were no mur murs and a gallop 
rhythm was not pre s e nt . The liver, splee n and kidneys were not 
palpable . The re was no edema of t he feet and ankle s. 

Laboratory : The chest f ilms showed the heart to be of normal size. 
Electrocardiogram revealed paroxysmal atrial tachycardia at 180/ 
min with no ische mic changes a nd no alternation of the QRS complex. 
The SGOT remained within nor ma l limits , 

Diagnoses : 1) Paroxysmal atrial tachyca rd ia 
2) Organic heart dis e a se ? 

Comment : The presence of mechanical alternans during supraventric
ular tachycardia does not indic at e the pre sence of heart disease. 
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r. Introduction to Alternation o f the Ve ntricle 

1. Traube, L .: Ein Fall von Pulsus bigeminus . Berl . klin. 
Wschr . ~ : 185 , 1872 . 

2 . Hering , H. E .: Experimentelle Studie n an Saugethieren 
uber das Elektrocardiogramm II . Z. exp . Path . Ther . 7: 
363' 1909 . 

3. Bellet , S . : Clinical Dis orders of the Heart Beat. Ed. 
2. Philade lphia : Lea and Fe bige r, 1963 . · Pp. 551-566. 

4. Corday, E . and Irving , D. W. : Disturbances of Heart 
Rate, Rhythm , and Conduction . Philadelphia : W. B. 
Saunders Co . , 1961 . Pp . 192- 194 . 

5. Friedberg, C . K.: Dis e ases of the Heart. Ed . 2. Phila
delphia : W. B . Saunders Co . , 1956 . Pp . 146 , 206-207 . 

6 . Levine, S . A.: Clinical He a rt Dis e ase . Ed . 5 . Phila
delphia : W. B . Saunders Co . , 1958 . Pp . 624-625 . 

7. Levine, S . A . and Harvey , W. P .: Clinical Auscultation 
of the Heart . Ed. 2 . Phila delph ia : W. B . Saunders Co., 
1959 . Pp . 623-627 . 

8. Lewis, T .: Mechanism of th e He a rt Be at . London: Shaw 
and Sons , 1911 . Pp . 271-279 . 

9. 

10. 
"-.. 

Lewis, T .: 
Heart Beat . 

The Mechanism of Gr aph ic Registration of the 
London : Shaw and Sons , 1925 . Pp . 434-447 . 

Littmann, D.: 
27 : 280 , 1963 . 

Alternation o f the h eart . Circulation 

11. White, P . D. : Heart Dis e as e . Ed . 4 . Ne w York: The 
Macmillan Company , 1951 . Pp . 116, 161 . 

12. Wood, P .: Diseases o f the He a r t and Circulation. Ed. 2. 
Philadelphia : J . B . Lippincott Company, 1956. Pp. 30-31, 
283-284. 

Alternation of the ventricle is a general t e rm used to describe al
ternating mechanical and/or e l ec trical activity of the ventricle. 
The first cond·i tion of this type was descr ibed by Traube in 1872 
and termed pulsus alternans . In this condition of pulsus or me
chanical alternans there is an alternation betwe e n weak and strong 
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ventricular systoles in the pre s e nce of a regular rhythm. In 1904 
Herring first described alte rnation in the e lectrical activity of 
the ventricle and this was t ermed electrical alternans. In this 
condition there is an alternation in the magnitude of the QRS com
plex with a normal rhythm . Sinc e thes e early descriptions of 
these conditions there have be e n many observations and studies re
ported both in experimental animals and in man . 

II. Classification of Alternation of the Ve ntricle 

A. General 

3. Loc . cit . 

10 . Loc . cit. 

13. Ferrer, M. I ., Harvey, R . M. , Cournand, A . and Richards, 
D. W. : Cardiocirculatory studies in pulsus alternans of 
the systemic and pulmonary circulations . Circulation 
14:163, 1956 . 

14. DeRabago, P ., Kohout, F . W. and Katz, L . N.: An unusual 
case of pulsus alternans recorded during cardiac cathe
terization from the pulmonary and systemic blood vessels . 
Am. Heart J . 49 : 472 , 1955 . 

15. Mcintosh, H. D.: Discordant pulsus alternans. Circula
tion 21 : 214, 1960 . 

ALTERNATION OF THE VENTRICLE 

I . Mechanical Alternation (Pulsus Alternans) 

A. Right ventricular 

B. Left ventricular 

C. Combined 

1 . Concordant 

2. Discordant 

Pseudoalternans (Bigeminal rhythm) 

II. Electrical Alternation (Electrical Alternans) 
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Mechanical alternati on may occur i n t he right ve ntr i c l e, in the 
left ve ntr icle or in both ve ntr icle s . Wh e n the c ond ition occurs 
in both ve ntr icle s , t he we ak and strong beats i n the two ve ntri
cle s may occur at t he same t i me (concordant or t he s e we a k and 
strong b eats may o cc ur at oppos ite times in the two ve ntricle s 
(discordant ) . Bige mi nal rhythm c an be c onf us e d with me chanical 
alternation and ha s bee n t e r me d ps e udoalte rna ns . Ele ct r ical al
ternation has not bee n class i fi e d in t e r ms of ve ntr i cula r local
ization . 

B . Re lation Be t wee n Me chanica l a nd Elec tr ica l Alt e rnation 

5 . Loc . cit . 

16 . Wiggers, C. J . : The inde pe nd e nc e o f e l e c t r i cal and me 
chanical react i ons in the ma mmalian he a r t . Am . He a r t J . 
1 : 173 , 192 5 . 

17 . Wiggers , C. J .: Ph ysiology in Heal t h and Dise ase . Phila 
de lphia : Lea a nd Fe b i ge r , 1939 . 

18 . Katz , L . N.: El e c t r o card i ogr aphy . Ph ilade l phia : Le a 
and Fe bige r , 1943 . 

19 . Kalte r, H. H. a nd Gr i shma n , A. : The e l e ct r ical alternans . 
J . Mt . Sina i Hosp . 1 0 : 459 , 1943 . 

20 . Groe de l , F . M. and Mil l er , M.: Pu ls us alternans and ele c
trical alternation . Expe r . Me d . and Surg . 7 : 153, 1949 . 

Wigger~ has state d , "A c ur i ous f e at ure o f alternation is that its 
presence may at time s be ver y obvious as var iations in ve ntricular 
contractions o r the pulse whi l e e l ec troc a r diograms re ve al no 
changes . Again , the a l t ernation may be prese nt in both or be indi
cated sole ly in e l e ctr ocardiograph i c t r a c ings . 11 And Katz, " The r e 
are two ge neral varie tie s of cardia c a l t ernans , viz . , mechanical 
alternans and e l e ctr ica l al t e rnans . Wh ile the two may co- exist, 
one may be pres e nt , whe n the o the r i s abse nt . " 

Mechanical and e l ectr i c a l alternation c an oc c ur e ithe r inde pendent
ly or simultane ous ly . Me c ha n i c a l a l t ernation fre que ntly occurs 
alone but is oc c asiona lly a cc ompani e d by e l e c t r i cal alternans . 
Electrical alternation occ a s ionally occurs a l one but is usually ac 
companied by me chanic a l alterna ns . 



- 6 -

Ill· Diagnostic Proce dures in Al t e r nation of the Ve ntricle 

3 . Loc . cit . 

7 . Loc . cit . 

10 . Loc . cit . 

21. Morris , R . A . : 
nans . J . A. M. A. 

The clinical recognition of pulsus alter-
87 : 463 , 1926 , 

22. Cossio , P ., Las c ale a , M. and Fong i , E . G. : Alternation 
of the hea r t sounds . Ar ch . Int . Me d . 58 : 812, 1936. 

23 . Brody , J . G. and Rossman , P . L .: Ele ctrical alternans. 
J . A. M. A. 108 : 799 , 1937 . 

DIAGNOSTIC PROCEDURES IN ALTERNATION OF THE VENTRICLE 

I . Mechanical Alternation 

A. Left ventricula r 

l , Palpation o f the pulse (alt e rnate strong 
and we ak pulse s ) 

2 , Sphygmomanome t r y (expresse d by difference 
in mm Hg be twe e n systo l ic l e vels of strong 
and we ak pulses ) 

3 . Auscultation of the he a r t (alternate 
strong and weak sounds or intensity of 
murmur s ) 

4 . Arter ial p r essure t r acing 

5 . Left he a r t cathe t er ization 

B . Right ve ntr icula r 

Right heart catheter ization 

II . Electrical Alternation 

Electrocardiogr am 
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JV . Etiological Factors in Alternation of the Ve ntricle 

3 . Loc . cit . 

5 . Loc . cit . 

10 . Loc . cit. 

24 . Cooper, T. , Braunwald , E . and Morr ow , A. G.: Pulsus al
ternans in aor tic stenosis . Ci rculation 18 : 64, 1958 . 

25. Feldman, L .: Ele ctrical alt e rnans with pericardial effu
sion . Am . Heart J . 15 : 100 , 1938 . 

26. McGregor , M. and Baskind , E .: Elec trical alternation in 
pericardial effusion . Circulation 11 : 837, 1955 . 

27 . Littmann, D. and Spodick , D. H.: Total electrical alter
nation in per icardial dis ease . Circulation 17:912, 1958 . 

ETIOLOGICAL FACTORS IN ALTERNATION OF THE VENTRICLE 

I. Mechanical Alternation 

A. Left ve ntr icula r alte rnans 

1. Syste mic hyper t e nsion 

2 . Aortic stenosis 

3 . Corona ry artery dise as e 

4 . Idiopathic myocardial hypertrophy 

5 . Left ve ntricular failur e 

6 . Paroxysmal atrial and ventricular tachycardia 

B. Right ventricula r alte rnans 

1 . Pulmona ry hyper tension 

2 . Pulmonic ste nosis 

3 . Right ve ntr icular failure 

C. Combine d ve ntricular alte rnans 

Usually occurs with combine d l ef t and right heart 
failur e 
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II . Ele ctrical Al t e r nation 

A. Pe ricardial dis e a s e with or without e ffusion 

B. Same as thos e f o r m c hanica! alte rnans 

v. Incide nc e o f Alternation o f the Ve ntr i c l e 

3 . Loc . cit . 

11. Loc . cit . 

28 . Windle, J . D.: The incide nce and prognostic value of the 
pulsus alternans in myoca r dial and ar t e rial dise ase . 
Quart . J . Me d . ~ : 453 , 1913 . 

29 . White, P . D.: 
cal condition . 

Al t e r nation o f t he pulse : a common clini
Am . J . M. Sc . 150 : 82, 1915 . 

30 . Thompson , W. P . and Le vine, S . A.: Pulsus alte rnans . Am . 
Heart J . 11 : 135 , 1936 . 

The frequency of this condition de pe nds upon how carefully one 
searches for its pre s e nc e. Whit e found a l t ernation in one-third 
of all patie nts showing any de gree of ca r diac f ailure . This ap
pears to be a rare phe nome non at Park l and Me mor ial Hospital . 

VI. Crinical Implications o f Alte rnation of the Ve ntricle 

3 . Lac . cit . 

5 . Loc . cit . 

6 . Loc . cit . 

11. Loc . cit . 

31 . Lewis , T.: Note s upon alte rnation of the heart . Quart . 
J . Me d . 4 : 141 , 1910 . 
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32. Mackenzie, J .: Dis e ases of the Heart . Ed . 3. London: 
Oxford University Press , 1913 . 

33 . Blumberger, K.: Untersuchungen liber die Dynamik des 
Herzens beim Herzalternans . Arch . Kreisl .-Forsch. 20: 
25, 1953 . 

34. Saunders , D. E., Jr . and Ord , J . W. : The hemodynamic ef
fects of paroxysmal supraventricular tachycardia in pa
tients with the Wolff-Parkinson- White syndrome. Am . J. 
Cardiol . ~:223, 1962 . 

In 1910 Lewis stated , " Heart alternation occurs under two circum
stances . It is seen when the cardiac muscle is not of necessity 
altered structurally , as an accompaniment of great acceleration of 
the rate of the rhythm. It is also found when the pulse is of nor
mal rate, and under such circumstances the muscle is either marked
ly degenerate or the heart shows evidence of embarrassment as a re
sult of poisoning or some other factor .' ' 

It is generally recognized that mechanical alternans at a slow 
heart rate is a sign of a severely damaged ventricle . The progno
sis is extremely poor . However, the occurrence of mechanical al
ternans during an attack of paroxysmal tachycardia does not neces
sarily mean myocardial disease. Saunders and Ord have studied 
three patients with the Wolff-Parkinson-White syndrome and no 
other cardiovascular abnormality during ep isodes of paroxysmal 
supraventricular tachycardia. All thre e of these patients exhib
ited mechanical alternans at the beginning of their episodes of 
tachycardia with subs e quent disappe arance despite continuation of 
the same rapid heart rate. 

VII. Pathophysiologic Mechanisms of Alternation of the Ventricle 

A. General 

3. Loc. cit . 

5 . Loc . cit . 

33. Loc . cit . 

35. Wiggers, C. J .: 
Ann . Clin. Med. 

The dynamics of ventricular alternation . 
~:1022, 1926 . 



- 10 -

36 . Wiggers, C. J .: Circulatory Dynam ics . Ne w York : Grune 
and St r atton , 1952 . 

37 . Wiggers, C. J .: 
tion Re s e a rc h . 

Reminisce nces and Adve ntures in Circula
Ne w York : Gr une and Stratton, 1958 . 

PATHOPHYSIOLOG IC MECHANISM OF MECHANICAL ALTERNATION 

I . Alternate Failure of Contractio n of 

Cer tain Myoc a r dial Se gme nts 

II . Alterna t e Conditions o f F i lling of the 

Ventricle - We nc k e ba c h ' s Vi ew 

III . Alternate Fai l ure of Me tabolic Rec overy

Straub 1 s Vi ew 

B. Me chanisms o f Me chanical Alternation 

-, 
1 . Alternate f ailure o f contraction of certain myocar

dial s e gme nts 

2 . Loc . cit . 

36 . Loc . c it. 

37 . Loc . cit . 

38~ Gaskell , W. H. : On the r hythm of the heart of the frog , 
and on the natur e o f the action o f the vagus nerve . 
Phil . Trans . B. 173 : 993 , 1882. 

39. Mine s , G. R . : On dynamic e quilibr ium of the heart . J . 
Physiol. 46 : 349 ' 1913 . 

40 . Mines , G. R . : On pulsus al t e r nans . Proc . Cambridge 
Phil . Soc . 17 : 34 , 1913 . 

41 . Gree n , H. D.: The nature o f ve ntricular alternation re
sulting from re duc e d coronary blood flow . Am . J. Physiol . 
114 : 407 , 1935- 36 . 



- 11 -

Alternate failure of contraction of c e rtain myocardial segments as 
a causative factor in mechanical alte rnans is a view which is still 
current< Wiggers has state d , " It appe ars highly probable that ven
tricular alternation always involve s the d e fection of some frac
tionate contractions during the smalle r beat . " 

2 . Alternate conditions of fil l ing of the ventricle 

42. Wenckebach, K. F .: Zur Analys e de s unregelmassigen Pulsus. 
IV . Ueber den Pulsus alt e rnans . Z . klin. Med . 44:218, 
1910. 

43 . Wenckebach, K. F .: Die unrege lmassige Herztatigkeit und 
ihre klinische Bed e utung . Be rlin : Engelmann, 1914. 

44. Wiggers, C . J. : The caus e of temporary ventricular alter
nation following a long diastolic pause . Proc. Soc. 
Exper . Biol . and Med . 24 : 386 , 1927 . 

Wenckebach believed that e xtracardiac factors influencing the de
gree of ventricular filling and the r e fore ventricular end-diastol
ic pressure and volume were the major d e terminants of alternation, 
the -weak beat being initiated from a lowe r pressure and a smaller 
volume . Wiggers found this mechanism to b e responsible for the 
temporary mechanical alternation of the ve ntricle following a long 
diastolic pause. 

3 . Alternate failur e of me tabolic r e covery 

45,~ Straub , H. : Dynamik de s He r zalte rnans . Arch . klin. 
Med . 123 : 403, 1917 . 

Straub believed that the weak b e at is initiated from a smaller ven
tricular end-diastolic volume but a higher pre ssure which was at
tributable to incomplete me tabolic r e cove ry from the previous 
strong beat . 

C. Recent Studies on Mechanical Alternation 

Studies have recently been reported on mechanical alternation in 
cardiac papillary muscle strips , in isovolumic contracting ventri
cles, in the pumping ventricle, and in ve ntricles of intact man. 
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l . Mechanical alternation in ·cardiac papillary muscle 
strips 

46. Mitchell, J . H. , Sonne nblick, E . H. and Sarnoff, S. J.: 
The dynamics of pulsus alternans : alternating end-dias
tolic fiber l e ngth as a causative factor. J . Clin . 
Invest . 42 : 55 , 1963 . 

47 . Sonnenblick , E . H.: Force-velocity relations in mammali
an heart muscle . Am . J . Physiol . 202 : 931, 1962. 

48 . Sonnenblick , E. H.: Implications of muscle mechanics in 
the heart . Fe d . Proc . 21 : 975, 1962 . 

49 . Hill, A. V. : The heat of shortening and dynamic con
stants of muscle. Proc. Roy . Soc . B 126:136, 1938 . 

50 . Hill , A. V.: The abrupt transition from rest to activity 
in muscle . Proc . Roy . Soc . B 136 : 399, 1949 . 

In isotonically contracting cardiac papillary muscle strips the 
weak contractions originate d from a shorter initial fiber length . 
In isometrically contracting strips, in which the external length 
was fixed, the weak contraction originated from a higher initial 
tens~on, that is to say, from a state of incomplete relaxation. 
This phenomenon can be explaine d in terms of the muscle model pro
posed by Hill for skeletal muscle and recently applied by Sonnen
blick to cardiac muscle . Using this mod el one could postulate 
that although the ex t ernal length is fixed , a muscle in which the 
tension has not completely subsided has different distribution of 
extension or stretch in its internal ele me nts, i . e., contractile 
element and series elastic eleme nt , than is the case when the rest
ing tension is fully achieved. In the f o r mer case when the resting 
tension is higher, the length o f the contractile element is less 
than in the latter case whe n the resting tension is lower . Thus 
the shorter length of the contractile element which is present be
fore the weak beat accounts for the dim inished force of contrac
tion. 

2 . Mechanical alternation in isovolumically contracting 
ventricles 

51 . Lendrum , B. , Fe inbe rg, H., Boyd , E. and Katz, L. N.: 
Rhythm effects on contractility of the beating isovolumic 
left ventricle. Am . J. Physiol. 199 : 1115, 1960 . 
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52 . Siegel, J . H. and Sonne nblick , E . H.: Isometric time
tension relationships as an index of myocardial contrac
tility . Circulation Res . 12 : 597, 1963. 

Lendrum et al . have recently demonstrat e d mechanical alternans in 
an isovolumic ventricle and were impressed by the occurrence of 
the ventricular "alternans phe nome non unas s ociated with changes in 
fiber length ' ' . Siegel and Sonnenblick found that the weak ~eat in 
the alternating isovolumic ventricle consistently originated from 
a higher e nd-diastolic pressure . Thus mechanical alternans in an 
isovolumically contracting ve ntricle ca~ be explained by the same 
mechanism as describe d f or an isome trical ly contracting cardiac 
papillary muscle pre pa ration . 

3 . Mechanical alternation in an isolated supported 
pumping ventricle 

46. Loc . cit . 

53 . Lind e n, R . J. and Mitchel l , J. H. : Relation between left 
ventricular diastolic pressure and myocardial segment 
l e ngth and observations on the contribution of atrial 
systole. Circulation Res . ~ : 1092 , 1960 . 

54 . Mitchell , J . H. , Mullins, C. B . , Gupta, D. N , and Payne , 
R . M.: Ventricular performance i n pulsus alternans . 
Clin . Re s. 13 : 61, 1965 . 

It has been shown that in me chanical alternans the weak beat can 
occur from a lower, the same or a higher ventricular end-dia stolic 
pressure; however, the initial myoca r dial segment length is always 
shorter before the weak bea t . This condition occurs when the con
tinuous level of myocardial contractility was not sufficient for a 
given imposed heart rate, stroke volume and aortic pressure to al
low an adequate time for diastole before the weak beat and is ob
literated when myocardial contractility is increased . 

55 . 

4 . Mechanical alternans in man 

Friedman, B . , Daily, W. M. and Sheffield, R. S .: 
static factors in pulsus alternans . Circulation 
1953 . 

Ortho-
8 : 864, 
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56. Gleason, W. L. and Braunwald, E.: Studies on Starling's 
law of the heart . VI. Relationships between left ven
tricular end-diastolic volume and stroke volume in man 
with observations on the mechanics of pulsus alternans. 
Circulation 25:841, 1962. 

Friedman et al. demonstrated that mechanical alternation is influ
enced by certain hemodynamic factors and can be abolished by digi
talis or norepinephrine . Gleason and Braunwald showed that the 
weak beat in pulsus alternans occurs from a small end-diastolic 
volume. 

B. Mechanism of Electrical Alternation 

57 . Kleinfeld, M., Stein, E. and Magin , J.: Electrical al
ternans in single ventricular fibers of the frog heart. 
Am. J. Physiol. 187:139, 1956. 

Electrical alternans has been produced in single ventricular fi
bers; however, the mechanism of this phenomenon has not been ex
plained. 




