
Postgraduate Medical Journal (December 1972) 48, 763-766.

The electrophysiological and contractile responses of

hypertrophic cardiomyopathic myocardium

D. J. COLTART

WE have been studying the electrophysiological and
contractile responses of small tissue strips excised
from the left ventricular outflow tract of two patients
with hypertrophic obstructive cardiomyopathy
(HOCM). The tissue was excised at cardiac surgery
to relieve the outflow-tract pressure-gradient. After
the tissue was excised it was gently placed into a
vacuum flask containing normal tyrode solution and
transported as quickly as possible to our laboratory
at St Bartholomew's Hospital. The small strips of
the tissue were prepared as previously described
(Coltart & Meldrum, 1971; Coltart, Spilker &
Meldrum, 1971) in order to study the electro-
physiological and contractile responses under physio-
logical conditions. The HOCM tissue, which does
not beat spontaneously, was stimulated by bipolar
platinum electrodes and individual myocardial cells
were impaled with a glass micro-electrode of tip-
diameter 0-5 vm under high powered microscopic
control with the aid of a micromanipulator. The
action potential thus obtained is displayed on an
oscilloscope screen and a camera records the trace
from the screen (Fig. 1). The contractile responses
are measured by means of a strain gauge. We have
observed standard electrophysiological terms as
described by Hoffman & Cranefield, 1960. We found
no evidence of pacemaker activity in tissue from
adult patients with HOCM which is similar to our
experience with human myocardium (Coltart &
Meldrum, 1972) but contrasts with our findings with
human foetal myocardium (Coltart et al., 1971). In
order to make a critical appraisal of the action
potential found in cardiomyopathic tissue we have
taken as our control values the records obtained
from the left ventricular papillary muscle obtained
from patients undergoing mitral valve replacement
or tissue excised from the right ventricular infundi-
bulum of patients with Fallot's tetralogy. There is no
statistically significant difference between the various
electrophysiological parameters of these two groups
of 'control' tissue and so I will refer to them as our
control action-potential.

Figure 2 shows a 'control' action potential taken
from a patient with chronic rheumatic heart disease
undergoing mitral valve replacement. We charac-
teristically found that repolarization of the human
cardiac action-potential is all one steady downstroke

Probe

Tungsten wire
(thin)

Gloss micro-
/ electrode

T\ issue

Pre. \ /
amp / Stim. hooks

I_

Bath

Osci Ilo- L
scope Camera

Stimulator
Trigger

FIG. 1. Diagrammatic representation of method of
recording transmembrane potential.

with no readily discernible different phases of
repolarization, unlike the action-potential of other
species. However, we have previously discussed
these differences (Coltart& Meldrum, 1972). Figure 3
demonstrates the action-potential obtained from
patients with HOCM.
A comparison of the electrophysiological proper-

ties of the ventricular papillary muscle and the
HOCM muscle is given in Table 1. The repolarization
time is increased from 302±11 2 msec (control
tissue) to 498 ±29 msec (P<0.001) by a prolongation
of the slow phase of repolarization. The maximum
rate of rise of the cardiomyopathic tissue was
significantly reduced (P<0-001) 186±12 msec com-
pared with 240±17 msec in the control studies. All
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TABLE 1. The difference between the action-potentials of the hypertrophic cardiomyopathic and
control human cardiac cell

Time to Magnitude Maximum
repolarize Resting of action upstroke
to 90% potential potential Overshoot velocity
(msec) (mV) (mV) (mV) (v/sec)

Control 302i 11-2 95±6-2 117± 6-5 21 ±2-3 240±17
Hypertrophic 498±29 94±4-5 120±t10-2 25±4-2 186±12
cardiomyopathy
Control= Mean+SD of eighteen tissue studies of left ventricular papillary muscle. Hypertrophic
cardiomyopathy= mean ± SD of ten separate cells of excised muscle.
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FIG. 2. Typical human (control) ventricular transmem-
brane action-potential. The horizontal line indicates
zero potential; the superimposed middle traces depict
intracellular potentials at slow and fast sweep speeds.
The upper trace first shows the stimulus artefact followed
by the output from the differentiator; the depth of the
spike is proportional to dv/dt of the intracellular record.
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FIG. 3. Typical hypertrophic obstructive ventricular
transmembrane action potential. Same notation as Fig. 1.

other measurements were similar to the 'control'
values.

Figure 4 shows the contractile response and
simultaneously action-potential from a case of
HOCM; the development of maximal tension was
slower than in the 'control' tissue. The 'control'
tissue maintained its developed tension at increasing
frequency of stimulation until around 160 stimu-
lations/min, after which there was a decrease in force.

Figure 5 compares the force-interval curves of
the myopathic and control tissue. Over the higher
frequency range there was a decrease in the force
of the HOCM tissue. Figure 6 shows the trace of the
contractile response at a stimulation rate of 144/min
where a phasic pattern of force is demonstrated.
Figure 7 shows that the concentration of propranolol
(10 mg/1) needed to demonstrate a non-specific effect
in vitro (Coltart & Meldrum, 1970) caused a similar
alteration in the force-frequency relationship of the
myopathic and 'control' tissue. This result confirms
the view that the sole therapeutic role of propranolol
is due to its beta-receptor antagonism and no
additional benefit accrues from its non-specific
properties (Coltart & Shand, 1970).
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FIG. 4. Simultaneous action potential (lower trace) and
contractile response (upper trace). Maximum tension
after 220 m/sec. Straight horizontal line indicates resting
potential.
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FIG. 5. Force-interval curves for cardiomyopathy and
control myocardium. 100% force represents resting
tension. *, Cardiomyopathy; A, control.
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FIG. 6. The upper trace shows the phasic alteration of
contractile response when the tissue was stimulated at
144/min. The lower trace depicts the action potential.

Comment
What is the significance of these findings? The

contractility of most mammalian cardiac muscle
in vitro is the result of two independent phenomena.
Their contribution to the overall contractility varies
according to the frequency of stimulation. At high
frequencies it is furnished almost entirely by the
Bowditch or the staircase phenomenon with an
increased strength or an increase in contractile
response with increase in frequency of stimulation,
whereas the Woodworth phenomenon shows an
increase in strength developed with a decrease in
frequency. Since the heart rate in vivo is in the range
of stimulation called 'high frequency' under in vitro
conditions, the importance of the Bowditch pheno-
menon in support of life is overwhelming.
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FIG. 7. The effect of 10 mg/l propranolol on force-
frequency curves. Material from HOCM, *; control, ,.
After propranolol; *, HOCM; A, control.

An opportunity was presented to study the effect
of cardiomyopathy on the contractile response of
tissue slices with the development of a strain of
hamsters with a hereditary primary congestive
cardiomyopathy. Hajdu & Posner (1971) studied the
interval-tension relationship of right ventricular
muscles of normal hamsters compared with that of
hamsters with hereditary cardiomyopathy, with or
without congestive heart failure. The contractility of
the heart of animals with cardiomyopathy without
circulatory insufficiency did not differ from that of
the normal animals at any frequency. The cardiac
muscle of animals with severe congestive heart
failure showed normal contractility at a low frequency
of stimulation (range of Woodworth phenomenon)
but did not show the increased contractility upon
high frequency stimulation (Bowditch phenomenon)
seen in all other animals: this was similar to the
response we found with the HOCM tissue. Ryano-
dine, a neutral alkaloid which decreases the sub-
cellular calcium concentration, eliminates only the
contractility caused by the Woodworth phenomenon
in the normal myocardium but abolishes the con-
tractility of the hearts of animals with congestive
failure over the whole frequency range. Cardiac
glycosides, which are known to potentiate the
Bowditch phenomenon were ineffective on the
cardiac muscle of animals without Bowditch pheno-
menon. Extrapolating this finding to our human
data a similar lack of inotropic effect from the
glycosides would be expected. This means that at
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the terminal phase of cardiomyopathy when the
glycosides are needed for their therapeutic effect,
their effectiveness, as has been found clinically,
seems to be lowest (Burch & De Pasquale, 1968).
This observation is not readily appreciated in clinical
practice because such patients are generally medi-
cated with beta-blocking agents and thus the natural
history of the disease is confused.
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FIG. 8. A schematic diagram of ventricular transmem-
brane action-potential and the electrocardiogram. The
numbers on the left indicate the values of the membrane
potential (mV). The dashed vertical line designates the
end of ventricular systole.

How can we explain these changes on our current
knowledge of altered electrolyte fluxes causing
alterations in the action potentials? Figure 8 shows
the electrocardiograph associated with the action-
potential when the extracellular ionic concentration
is altered. A block in the normal potassium trans-
membrane permeability would delay repolarization
and prolong the refractory period. A restraint on
potassium permeability, however, would be expected
to reduce the resting potential but this was un-
changed in the present study. Hypocalcaemia
increases the duration of repolarization of the
action-potential mainly by prolonging the rapid
early phase of repolarization and only to a lesser
extent the slower and later phase as seen in the
cardiomyopathic tissue. The effect of hypocalcaemia
would be exaggerated by hypomagnesaemia. It seems
unlikely that an abnormal transmembrane perme-

ability of any one of these electrolytes could explain
the observed action-potential but a combination of
a deficient flux of all three could be postulated.

Turning now to other conditions which show
this abnormality in the action-potential of a gross
prolongation of repolarization; Vaughan Williams
(1971) has classified this into his third grade of
drug-effects on the action potential. Hypothyroidism
(Freedberg, Papp & Vaughan Williams, 1970) and
the compounds, amiodarone (Singh & Vaughan
Williams, 1970a) and MJ 1999 (Singh & Vaughan
Williams, 1970b) produce similar effects. It should
be emphasized that the patients in this study were
euthyroid.

In conclusion, this is a preliminary report of a
constant and characteristic change we have found in
both the electrophysiology and contractile response
of myocardial tissue from patients with hypertrophic
obstructive cardiomyopathy. As the vogue for
surgical myectomy in such patients has become rare
in London our desire to extend this study has not
been readily fulfilled.
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