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The question of whether the hypertrophied heart is more powerful [1, 9, 15, 24] or functionally defective [2, 16, 
19, 21] has been for years and still is a subject of discussion. Severat experimental investigations have been under- 
taken in recent years in an attempt to settle this question. Beznyak [13] and his colleagues and Alexander et al. [10] 
produced chronic experimental cardiac lesions. Six weeks later, when the animals were already showing marked myo-  
cardial hypertrophy, a maximum load was placed on the myocardium by ligation of the aorta or increase of the vol-  
ume of fluid entering the heart. Progressive loading revealed that the hypertrophied heart could develop a higher sys- 
tolic pressure in the cavity of the left ventricle and could maintain a larger minute volume than the normal heart. 

In the evaluation of these results it must be remembered that they apply to a relatively early stage of hyper- 
trophy with none of the features of the myocardial  "wear and tear" complex which has been the subject of very care-  
ful study [3, 4, 11, 12, 27], and again, that the results of the investigations mentioned refer to the myocardium as a 
whole and do not depict the functional capabilities of the muscle tissue composing it. This follows from the fact that 
the parameters now used in cardiology to define the contractile function of the heart, namely the tension-time index 
(TTI) of Sarnoff and systolic pressure, actually depict the level of activity in a certain division of the heart and do not 
provide a means for assessment of the contractile powers of the muscle tissue of the myocardium. 

Effect of Hypertrophy on the Contractile Function of the Myocardium 

~dex 
Time of determination in re- 

Control 
lation to compression of aorta 

Prnax (ram Hg Before 66• 10 
During 2474- 8.1 

ISF (from Pmax Before 84.94- 11 
mm HE/g) During 3244- 25 

TTI  (ram Hg X sec) 5.6510.76 
22.784- 0.48 

Before 
During 

ISF (from TTI) Before 
(mm Hg x sec/g) During 

Absolute dry weight of 
ventricle (g) 

Hypertrophy of 
P 

ventricle 

944-18.2 > 0.2 
2954- 13.3 < 0.02 

65.34- 8.36 > 0.1 
211.684- 7.9 < 0.01 

6.54s 0.99 < 0.2 
27.8• <0.05 

7.214- 0.43 4.544- 0.37 < 0.01 
30.06+2.18 19.844-1.77 <0.01 

0.79 1.40 

The present authors have used an index to define the contractile power of the muscle tissue which they term 
intensity of myocardial  structure functioning and which is the ratio of the functional activity of the myoeardium as a 
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Pressure in left  ventr ic le  before (1) and 3 sec after (2) compres-  
sion of the aorta in in tac t  rabbits (a) and rabbits with card iac  hy-  
pertrophy (b). P) Pressure (ram Hg). Arrow indicates  compres-  
sion of aorta.  

whole to its mass. It is the quantity of function performed by unit mass of card iac  muscle.  To determine the true in-  

tensity of structure functioning (ISF) is a somewhat compl ica ted  task but for purposes of progressive or compara t ive  
examinat ions  i t  is permissible to use an ISF index which is the ratio of systolic pressure, TTI  or tension, to the mass of 
the corresponding ventr ic le .  In the experiments  of the authors ment ioned above the functioning of the left  vent r icu-  
lar myoeardium as a whole was exarnined and the authors did not divide their indices of cont rac t i le  function by the 
mass of the left  vent r ic le  and, therefore, were not in a position to assess the functional  intensity of the muscle tissue 
forming the ventr ic le  or, consequently, the effect  of hypertrophy on the functional  powers of myocard ia l  tissue. 

As the la t ter  was also the purpose of the present investigation,  the max imum level  a t  which the hypertrophied 
left  ventr ic le  functioned was de termined and the max imum level  at which the muscle  tissue forming the ventr icIe 

could function was then de termined by dividing the values obtained by the weight of the myocardium.  

M E T H O D  

Stenosis of the commencemen t  of the aorta, which was inevi tably  followed by considerable hypertrophy of the 
left  ventr icular  myocardium,  was produced in 12 male  Chinchi l la  rabbits by a method which has been described in an 
ear l ier  publ icat ion [4]. After 4.5-5 months, when the weight of the left  ventr icIe in these animals had increased by 
75-80~ acute  experiments  were carried out on equal numbers of surgically treated and control  rabbits. Under ure-  
thane (1 g/kg)  anesthesia,  with ar t i f ic ia l  respiration, the thorax was opened and the left  ventr ic le  punctured for re-  
cording of the intraventr icular  pressure by means of a "Barovar" e lec t romanometer  and a "Kardiovar" ink-wri t iug ap-  
paratus (Alvar).  Pressure being recorded continuously, the ascending aorta was closed comple te ly  by compression for 
10 sec. Ventricular contractions a t ta ined their maximum force in the 3rd or 4th second of compression and the in t ra-  
ventr icutar  pressure was then at  its maximum.  Thereafter ,  the force of the contractions and the pressure level  tended 
to decl ine .  Two indices, read quite independently of one another, were used for determinat ion of eontrac t i Ie  func- 
tion, nameIy max immn systolic pressure in the left  ventr ic ie  (Pmax) and TTL These were both determined from the 
tracing of intraventr icular  pressure before and during compression of the aorta. The values before compression were 

the average values for 10 cycles  but the values taken during compression were those for the most powerful contract ion,  
i ,e . ,  those indica t ive  of the highest level  of contract i le  function a t ta inable  by the an imal ' s  left  ventr ic le  under these 
conditions, TTI  was the product of the mean systolic pressure and the length of systole in that par t icular  cycle .  
Maximum pressure and TTI were representat ive of the cont rac t i le  functioning of the Ieft vent r ic le  as a whole. From 
these indices the max imum level  of muscle  tissue functioning was determined by dividing them by the dry weight of 
the ventr icular  muscte.  The ISF, ca lcu la ted  from the max imum systolic pressure was Pmax (ram Hg) / dry weight 
of vent r ic le  (g) and ca lcu la t ed  from TTt, TTI (ram Hg •  / dry weight of ventr ic le  (g). 
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The table shows that the left ventricle was greatly hypertrophied (76% heavier than in control animals) in the 
rabbits with aortic stenosis. Before compression of the aorta, systolic pressure and TTI in the leR ventricle were 
stightly higher and ISF stightly lower in the experimental than in the control animals. This might be taken to mean 
that the muscle tissue of the necessarily more active and hypertrophied left ventricle was functioning tess perfectly 
than the left ventricle of the control animals. The table shows, however, that these differences were not always 
statistically significant; the main difference between the functioning of the hypertrophied and the functioning of the 
intact myocatdium was seen after Iigation of the aorta. 

The contractile functioning of the hypertrophied ventricle then increased more than that of the control non- 
hypertrophied ventricle. Maximum systolic pressure in the former was 29S mm Hg and the comparative vatue for the 
ventricle in the control animals was 247 mm Hg, so that the former was 15.3% higher. TTI  values were 22.7 for con- 
trots and 27.8 (or 22.5% higher) for the hypertrophied ventricles. 

The highest level of contractile functioning attainable in the hypertrophied ventricle was thus greater than the 
corresponding levet for the non-hypertrophied ventricle. This is illustrated by the tracings in the figure. 

The position changes when we pass from these indices for the ventricutar muscle as a whole to the index of the 
intensity of muscle tissue functioning. During the period of aortic compression the maximum intensity of muscle func- 
tion attained was 324 mm Hg (based on maximum pressure) and 30 m m  Hg x sec/g tissue (based on TTI) for the 
normal myocardium and 211 mm Hg and 19.8 mm Hg x sec/g tissue for the hypertrophied myoeardium. 

This means that the maximum level of muscle function in the hypertrophied ventricle was about one-third 

lower than the corresponding level for the intact ventricle. 

The important fact determined by these experiments is that any considerable degree of hypertrophy of long dur- 
ation, even if there is complete clinical compensation, significantly reduces the maximum quantity of function that 
can be performed by unit mass of myocardium. 

This can best be understood by reference to general concepts on the relationship between hyperfunctton and 

myocardial hypertrophy. 

Compensatory hyperfunction of the heart in valvular disease, hypertension and other affections of the circulatory 
system precedes myocardial hypertrophy and. consequently, is achieved by increase in the intensity with which its 
structures function. At this stage of the process this increased intensity engenders more active energy p~oduetion and 
protein synthesis in the myocardium, with greatly increased oxygen consumption [7, 17, 18, 26], mad, under appro- 
priate conditions, increased inclusion of tagged precursors in proteins and nucleic acids per unit mass of myocardinm 
[6, 5, 8, 22]. This intensified synthesis of nucleic acids and protein resulting from the increased intensity of struc- 

ture functioning becomes the basis of myocardial hypertrophy. 

Myocardial hypertrophy leads in turn to distribution of its increased functioning over an increasing mass of mus- 
cIe tissue so that the intensity at which the muscle of the myocardium functions tends to falI gradually to or below 
the norton1 level. Return of ttte intensity of functioning to the normal level means an end m more active synthesis 
and energy production: the inclusion of tagged precursors in proteins and nucleic acids and oxygen consumption per 
unit mass of myocardium again become normal [5, 8, t4, 20, 2a]. Hypertrophy is now more or less an accomplished 
fact and hypeffunction of the organ as a whole is now achieved by increased mass with normal intensity of functioning. 

Later, nucleic acid and protein synthesis in the hypertrophied myocardium undergoes gradual and uhimately 
profound disturbance in a manner which has been discussed in detail earlier [6], This interference with the synthetic 
activity necessary for maintenance of the contractile function of the heart is, in fact, the development of the com- 
plex "wear and tear" process in the myocardium, the signs of which are reduction of DNA concentration, reduced in- 
tensity of protein synthesis in the myocardium, reduction of the adenosine triphosphatase activity of myofibril myo-  
sin, destruction and reduction of the mass of mitochondria with some reduction of ATP and phosphocreatine concen- 
trations, vaeuolation and fatty degeneration of a proportion of fibers, gradual atrophy of others and progressive cardio- 
sclerosis [3, 4, 11, 12, 27]. Myocardial "wear and tear" complex would appear to be the most probable cause of the 
reduced functional capacity of myocardial muscle tissue associated, as shown in these experiments, with prolonged 
hypertrophy. A point of considerable importance is that the reduction of the maximmn functional intensity attain- 
able by the muscle tissue of the myoeardium produced by "wear and tear" of the myocardium does not for some t ime 
lead to any reduction of the maximum level of contractile function of which the cardiac muscle as a whole is cap-  
able. The reason for this is that the increase in the mass of muscle in hypertrophy outweighs the disturbance of the 
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contractile capabilities of the muscle tissue. In other words, the larger muscle, consisting of less efficient tissue can 
contract as or even more powerfully thma a smaller muscle of normal tissue, k is obvious, however, that as metabol- 
ism becomes increasingly disturbed and destructive processes progress, the intensity of functioning of the hypertrophied 
myocardium will ultimately fall to a level at which the increase in the mass of the rnyocardium will no longer be 
able to compensate for tile decline in the functioning of the contractile structures. The load imposed on the heart 
may then prove more than it can deal with and it is at this point that insufficiency of the hypertrophied heart develops. 

SUMMARY 

A study was made of the effect produced by marked and prolonged hypertrophy of the myocardium on the con- 
tractile function of the heart. The authors proceeded from the concept that the myocardial functional level as a 
whole, and the functional level of the myocardial muscular tissue represent 2 different parameters inasmuch as the 
muscle of a considerable mass is capable of developing a high function with a comparatively low functional intensity 
of its structures; whereby the muscle possessing a reIatively lesser mass, may devetop the same function only at the 
expense of marked rise of the functional intensity of its structures. Therefore, the indices, characterizing the maxi- 
mal function of the hypertrophic left ventricle, were related in the mentioned experiments to the mass of the ventri- 
cle. A significant and prolonged hypertrophy, caused by experimentally induced cardiac affection, reduced the func- 
tional level which could be carried out by a myocardial mass unit in conditions of maximal stress. 
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