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HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY 

EVALUATION OF TREATMENT 

BY 

INVASIVE AND NON-INVASIVE METHODS 





STELLING EN 

1. 

De verminderde rekbaarheid van de linker ventrikel is de bepalende 
factor in bet haemodynamische beeld van hypertrofische obstructieve 
cardiomyopathy, niet de stenose van de uitstroombaan. 

2. 

Een juiste beoordeling van de linker ventrikelfunctie bij hypertro
fische obstructieve cardiomyopathie vereist voor en tijdens belasting 
een gelijktijdige registratie van veranderingen van de variabelen die 
representatief zijn voor vernauwing van de uitstroombaan en belem
mering van de instroombaan. 

3. 

De amyl nitriet inhalatie proef is als uitwendige methode een waarde
vol hulpmiddel bij de objectieve beoordeling van behandeling en 
verloop van hypertrofische obstructieve cardiomyopathie. 

4 .  

Indien chirurgische therapie bij hypertrofische obstructieve cardio
myopathie wordt overwogen, verdient bij de uitvoering daarvan die 
methode de voorkeur die met de geringst mogelijke resectie van de 
spierstenose kan volstaan. 

5. 

Het behoud van regulaire atriumcontracties is bij patienten met 
hypertrofische cardiomyopathie van vitaal belang. 

6. 

Bij de beoordeling van de resultaten van kransvatchirurgie behoren 
prae- en postoperaticf verkregen gegevens over de linker ventrikel
functie centraal te staan. 





7. 

Hypoproteinaemie bij patienten met pericarditis constrictiva moet 
in de meerderheid der gevallen worden toegeschreven aan een proteine 
verlies in de darmen ('protein-losing enteropathy') . 

8. 

De uitdrukking 'heterometrische autoregulatie' van het hart wekt ten 
onrechte de indruk dat hier sprake is van een regulatie. 

9. 

Sarnoff, S .  J. and Mitchell, J. H. (1962), Handbook 
of Physiology, Section 2 :  Circulation, Vol I, 489 .  

De behandeling van obstipatie kan geelzucht ten gevolge hebben. 

10. 

Reynolds, T. B.  et al., ( 1971) ,  New Eng. J. Med., 
285,  8 1 3 .  

Bij een bevolkingsonderzoek, gericht op kransvatafwijkingen van het 
hart, geeft registratie van uitsluitend electrocardiogrammen onvol
doende informatie. 

11. 

Patientenzorg zonder research is een stoel zonder poten. 

E. van der Wall, 'Hypertrophic obstructive cardiomyopathy. Evaluation of 
treatment by invasive and non-invasive methods'. 
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CHAPTER 1 

I N TR O D U C T I O N 

Hypertrophic obstructive cardiomyopathy is a disease with a distinct 
clinical picture of which the etiology is still unknown. Diagnostically, the 
disease has been classified in the group of the primary cardiomyopathies, a 
variety of 'subacute or chronic disorders of the heart muscle of unknown or 
unusual cause, often with associated endocardial and sometimes pericardia! 
involvement' (Goodwin, 1970) . According to Goodwin, 4 different types 
of primary cardiomyopathy may be recognized, i.e. the hypertrophic, the 
congestive, the constrictive and the obliterative types. The hypertrophic 
and congestive forms are believed to be the most important ones, of which 
the hypertrophic cardiomyopathy may occur with and without evidence 
of outflow tract obstruction (fig. 1 . 1 ) .  A disproportion between a small 
ventricular cavity and a massive hypertrophy of the ventricular wall in 
hypertrophic cardiomyopathy is clearly distinct from a large ventricular 
cavity out of proportion to the degree of myocardial hypertrophy in the 

Types of Hypertrophic Cardiornyopathy 

A. Obstructive type 
"JI.o.c.n." 

-----L.V.I, 'l', 

B. ?ion - obstructive type 

Fig. 1 . 1  Diagram of the left heart as viewed in the left anterior oblique position. Both 
the obstructive (A) and non-obstructive type (B) illustrate the characteristic disproportion 
between wall thickness and cavity size. In the obstructive type a protruding muscular 
bar as part of an asymmetrical septal hypertrophy may actively narrow the left ventri
cular outflow tract. 
L.A. = left atrium, L .V.I .T . = left ventricular inflow tract, L.V. apex = apex region 
mainly located below insertion of papillary muscles, L .V.O.T. = left ventricular outflow 
tract. 
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congestive form of cardiomyopathy. The rare constrictive type is seen in 
cases of amyloid infiltration, while the obliterative type is caused by 
endomyocardial fibrosis. 

In the present study the term hypertrophic obstructive cardiomyopathy 
(H.O.C.M.) is preferred. Idiopathic hypertrophic subaortic stenosis (I.H. 
S .S.) and muscular subaortic stenosis (M.S.S.)  are other names given to this 
disease in the United States and Canada respectively. 

Brock ( 195 7) reported on 'a functional obstruction of the left ventricle', 
thereby recognizing a disease with a distinct clinical entity, heretofore 
often misdiagnosed as mitral insufficiency or ventricular septa! defect. 
Hartman ( 195 8) utilizing external carotid arterial pulse tracings already 
paid attention to its characteristic contour and described the bifid carotid 
pulse tracing as pathognomonic for a subvalvular muscular stenosis. Teare 
( 195 8) described an asymmetrical hypertrophy particularly of the basal 
portion of the interventricular septum as a prominent feature in this con
dition, of which Schmincke ( 1907) seemed to have given a description in 
two cases at post mortem examination. 

Increasing knowledge and experience did change several of the original 
concepts and therapeutic approaches in the past decade. In the early sixties 
attention had been focussed on the problems around the left ventricular 
outflow tract obstruction and the diagnostic features of this 'chameleonic, 
if not even chimeric syndrome with its many paradoxes' (Burchell, 1 966 ). 
The work of B raunwald and co-workers ( 1964) was of great significance 
in elucidating the haemodynamic mechanisms of the outflow tract obstruc
tion, demonstrating the remarkable effects of inotropic agents and of 
reduction in ventricular volume upon the severity of the outflow tract 
obstruction. Meanwhile, other investigators (Puff, 1 960;  Walmsley and 
Watson, 1 966; Simon et al., 1 967) were able to show the existence of a left 
ventricular outflow tract as a distinct functional-anatomic area of the left 
ventricle, which is delineated anteromedially by the interventricular septum 
and posterolaterally by the anterior leaflet of the mitral valve. Two other 
areas of the left ventricle are the inflow tract and the apical region (fig. 
1 . 1  B). 

Typical for the hypertrophic obstructive cardiomyopathy is the develop
ment of the outflow tract obstruction during mid-systole, thus leaving the 
early systole unobstructed. Hence, the stenosis arises during the contraction 
of the hypertrophic wall of the outflow tract. Several explanations were 
given for the mechanisms involved in the outflow tract obstruction. The 
hypothesis of 'noradrenosis', put forward by Pearse ( 1964) based on an 
increased noradrenaline content and sympathetic nerve supply in muscle 
biopsies of the outflow tract, has recently been abandoned. Reinvestiga
tions in the same laboratory could not confirm the previous findings (Van 
Noorden et al., 1 971  ). The postulate of an abnormal pathway of ventri
cular excitation as an explanation of left ventricular outflow tract obstruc
tion appeared to be unfounded as was shown in a recent study of Van 
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Dam, Roos and Durrer ( 197 1 ) ,  using multiple intramural needle electrodes 
in the hearts of patients with hypertrophic obstructive cardiomyopathy 
during operation. An abnormality in time course of activation or con
duction velocity could not be demonstrated. 

Mitral regurgitation coincident with the onset of the obstruction and 
systolic murmur is frequently seen in hypertrophic obstructive cardiomyo
pathy as is convincingly demonstrated by haemodynamic, cineangiocardio
gra phic (Dinsmore et al. ,  1966 ; Adelman et al., 196 9; Wigle et al., 1 96 9) 
and echocardiographic methods (Popp et al. ,  1969; Pridie and Oakley, 
1 970; Shah, 1 971 ) .  These findings have led to the presently accepted view
point that the outflow tract obstruction is not due solely to a muscular 
bulging but involves the systolic apposition of both the interventricular 
septum and the anterior mitral leaflet. As to whether the abnormal mitral 
leaflet motion is the cause rather than the result of the obstruction remains 
to be solved as yet. 

It was not until 1968 that the inflow tract of the left ventricle came 
into the centre of interest. Although Cohen and co-workers ( 1964) already 
had noted extreme rises in left ventricular end-diastolic pressure in patients 
with hypertrophic obstructive cardiomyopathy, Stewart, Mason and 
Braunwald ( 1968)  stressed the importance of the impaired left ventricular 
filling. In this condition this impeded filling results from the reduced com
pliance of the left ventricle due to the increase in wall thickness. Two 
results of their work deserve special attention in view of possible thera
peutic approaches. 1 .  There is no correlation between the left ventricular 
end-diastolic pressure and the severity of the outflow tract obstruction. 
2. The reduction of the stroke volume is a consequence of inadequate left 
ventricular filling, not of inadequate ventricular emptying. However, the 
period of active ventricular filling due to atrial contraction appeared to be 
of greater significance to the ventricular function. Nagle and associates 
( 1966) clearly demonstrated an increase in left atrial transport function as 
a result of a decrease in left ventricular compliance. As will be shown in 
this study a vigorous atrial contraction is of utmost importance in this 
disorder and may largely determine the cardiac function in most if not all 
of these patients. Recently, Stott and associates ( 1970) examined the active 
ventricular filling, though in cases of valvular aortic stenosis. They em
phasized the pronounced influence of left atrial contraction upon left 
ventricular filling in cases of left ventricular hypertrophy. 

In summarising the present-day views on the functional aspects of hyper
trophic obstructive cardiomyopathy, one may distinguish between systolic 
and diastolic events. The rapid initial ejection, the mid-systolic obstruction 
and mitral incompetence are the systolic events. The diastolic events are 
the impeded left ventricular filling and the increased atrial activity (table 
1 . 1 ) .  It will be obvious that along with the change in concepts about 
priority of systolic or diastolic events, the therapeutic approaches did 
change as well. After a period in which the outflow tract obstruction was 
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TABLE 1 . 1 

haemo dynamic 

anatomica l 
s.ubstrate 

I 
HYPERTROPH IC OBSTRUCTIVE CARDIOMYOPATHY 

sys.tolic events diastolic events 

EJECTION VENTRICULAR FILLING 

��::.��s_!-r:_l!_C_!�c! ���l!��!�<:! Lm.etCO.d�q 

rapid. initial ejection mid-systolic ejection passive active 

+mitral regurgitation ventricular filling ventricular fi 11 i ng 

•powerful contraction of •systolic apposition of .impaired filling in *increased left atrial 

a small ventricle with i nterventri cular septum rate and volume due to transport function 

normal initial outflow and anterior mitral reduced compliance 

resistance leaflet 
•venturi effect •raised ventricular •elevated left atrial 

end-diastolic pressure pressure 

•no base-to-apex shorte-

ni ng 

•extreme hypertrophy of •asymmetrical septal •small. thick-walled •dilated left atrium 
deep bulbospi ral and hypertrophy ventricle. due to hyper-

circular muscle fibres trophy and fibrosis 

•abnormal orientation of 

anterior papillary 

muscle 

relieved by surgery, doubts arouse as to its real benefit, since the surgical 
interventions do not affect the underlying dysfunction of the disorder. 
Then, beta-adrenergic blocking agents were introduced. In several centres, 
as in Groningen, a period of surgical silence followed, giving the oppor
tunity for a long-term observation of both surgically and medically treated 
patients. 

Besides clinical evaluation of treatment it was necessary to have more 
precise haemodynamic data for long-term evaluation. These data can be 
obtained from left heart catheterization. In most patients, however, 
repeated cardiac catheterizations were not felt justified, particularly in 
those who were on medical treatment. Therefore, the validity of data 
obtained from phonocardiograms and external pulse tracings (Weissler et 
al. , 1 968 and 1 969) was investigated. Of a total number of 24 patients 1 1  
subjects were recommended for surgery on the basis o f  haemodynamic 
studies. Postoperatively, 3 hospital deaths occurred. Of the 8 survivors, 
6 patients consented to a repeat catheterization. In 9 of the remaining 
group of 13 patients a diagnostic cardiac catheterization was carried out. 
In the other 4 patients of this group, history, familial incidence, clinical 
and non-invasive methods formed the basis to the diagnosis . These 1 3  
patients did r eceive medical treatment. 

During the course of this study, the haemodynamic data obtained from 
all cardiac catheterizations have been compared with the data obtained 
from phonocardiograms and external pulse tracings, in 6 instances even 
recorded simultaneously. The 6 postoperative cardiac catheterizations 
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did serve as a haemodynamic control of the evaluation by non-mvas1ve 
methods. 

In the present study special attention is given to the evaluation of 
treatment in hypertrophic obstructive cardiomyopathy with both haemo
dynamic, invasive and external, non-invasive methods, and investigates the 
potential usefulness of non-invasive methods as an adjunct in the objective 
evaluation of the clinical condition of this disorder. In chapter 2 the 
methods employed will be described. Chapter 3 gives a brief review of the 
functional substrates, involved in this disorder, which might be of value 
as to a proper interpretation of the results obtained with the methods used. 
Chapter 4 reports on the evaluation of the surgically treated patients by 
invasive and non-invasive methods of which some examples will be given. 
Chapter 5 will give examples of medically treated patients evaluated by 
non-invasive methods. In several instances data obtained from non-invasive 
technics have been compared with haemodynamic data obtained from the 
diagnostic cardiac catheterization. Chapter 6 discusses the results of the 
invasive and non-invasive methods available from the patients examined 
and criticises the validity and limitations of the non-invasive methods in 
the evaluation of treatment in hypertrophic obstructive cardiomyopathy. 
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CHAPTER 2 

P A T I E N TS AND M E T HO D S  

2 . 1  P A T I E N T S  

In the period from 1 964 to  1 971  twenty-four patients with clinical, haemo
dynamic or angiocardiographic evidence of hypertrophic obstructive cardio
myopathy were studied. At periodic follow-ups of at least once a year, an 
electrocardiogram, a vectorqtrdiogram, a phonocardiogram, external pulse 
recordings and a chest roentgenogram were made. The general features of 
the 24 patients at the time of first examination are shown in table 2. 1 
including the functional classification according to the New York Heart 
Association (N.Y.H.A., 1 964). The criteria of the N.Y.H.A. are as follows: 
class I: absence of disability on ordinary activity, II :  slight limitation of 
physical activity by symptoms, III: obvious limitation by symptoms, IV: 
inability to perform any physical activity without symptoms. 

TABLE 2 .1  General features of 24 patients with hypertrophic obstructive cardiomyo
pathy. 

age 

sex 

familial 

sporadic 

duration of symptoms 

functional class N.Y.H.A. 
class 
class II 
class III 
class IV 

follow-up 

total follow-up 

10-55 yr. 

15 male, 9 female 

13 patients 

11 patients 

1/2 to 20 yrs. 

1t } patients 

1/2 to 8 yrs . 

l age : 

sex : 

f age : 

sex :  

83 .5 patient years 

1 2-55 yr. 

8 male, 5 female 

1 0-49 yr. 

7 male, 4 female 
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The clinical signs and symptoms following which the patients were 
graded functionally are shown in table 2.2. 

TABLE 2.2 Clinical features in 24 patients with hypertrophic obstructive cardiomyo
p athy. 

Symptoms number of percentage Signs number of percentage 
patients of total patients of total 

number number 

dyspnoea 19 (79 O/o) systolic murmur 24 (100 O/o) 
angina pectoris 20 (83 O/o) thrill 15 ( 62 O/o) 
dizziness 18 (75 O/o) double apex beat 20 ( 83 O/o) 
syncope 5 (20 O/o) right vent. impulse 4 ( 17 O/o) 
palpitations 16 (66 O/o) fourth heart sound 17 ( 700/o) 
fatigue 22 (91 O/o) mitral insufficiency 12 ( 500/o) 
edema 2 ( 8 O/o) left vent. hypertrophy 21 ( 870/o) 

Our experience in this group of patients is similar to that described by 
Frank and Braunwald (1968)  with regard to the age of the patients, the 
male preponderance and the severity of symptoms. Our group of patients, 
however, did not show a prevalence of sporadic cases, as was found by 
these investigators in a large series of 126 subjects. Disturbances in rhythm 
or conduction, as seen in 5 patients (table 2 .3 ) ,  consisted of a first degree 
atria-ventricular block in one patient, sinusbradycardia with short periods 
of sinus arrest in two patients and sporadic nodal premature beats in two 
further patients. Atrial fibrillation was absent in our series of patients. 
Frank and Braunwald ( 1 968)  reported 8 O/o incidence and Swan and asso
ciates ( 1971 )  found 4 .7  O/o in 84 cases. Vectorcardiographically, left ventri
cular hypertrophy with left axis deviation and the pattern of pseudo
infarction, attributed to septal hypertrophy or fibrosis (Wigle et al. ,  1 966 ;  
Coyne, 1968 ) ,  could be established in  the majority of  the patients (table 2 .3  ). 

TABLE 2.3 Incidence of electrocardiographic and vectorcardiographic abnormalities 
seen in 24 patients with hypertrophic obstructive cardiomyopathy. 

Type of abnormality 
Left axis deviation 
Right axis deviation 
Disturbances in rhythm or conduction 
Left ventricular hypertrophy 
Right ventricular hypertrophy 
Pseudo-infarction pattern 
Left atrial enlargement 

ECG electrocardiogram 
VCG vectorcardiogram 

8 

ECG 
6 
1 
5 

14 
1 

20 
13 

Incidence 

VCG 
12 

1 
0 

16 
1 

22 
10 



2.2 M E T H O D S  

2.2.1 NON-INVASIVE METHODS 

In each patient simultaneous recordings have been made of the electro
cardiogram (ECG), the phonocardiogram (PCG), the carotid pulse tracing 
(CPT) and the apexcardiogram (ACG) . A multichannel photographic 
recorder (Hellige) was used at a paper speed of 100 mm/s. For the electro
cardiogram the standard limb lead with the earliest Q-wave was taken 
(fig. 2 . 1 ) .  The phonocardiogram was recorded using a crystal microphone 

111 1 1111 1 1111 1 11111 111111111111111 
__ _,. ....... ___..�-------------! 

I I 

: f I I< Ii; I' I 
� �  I 

ECG 

I 

lI 

m 

Fig. 2.1  Bipolar limb lead electrocardiograms. For correct measurement of the total 
electromechanical systole the lead with the earliest Q-wave must be used. In this instance 
lead I is chosen. 

(Hellige) . For this study the microphone was placed in the 4th left inter
costal space near the sternum. The carotid arterial pulse tracing (fig. 2.2) 
was recorded with a membrane covered capsule mounted on a polyethylene 
tubing (internal diameter : 4 mm, length 20 cm) connected to a transducer 
(Hellige Infraton) . The same pick-up was used for recording the apex
cardiogram (fig. 2 .3 ) .  During cardiac catheterization the apexcardiogram 
was recorded using an APT-16  transducer (Hewlett-Packard) . The records 
were made in the left lateral position during held expiration and were 
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Fig. 2.2 Normal carotid artery pulse tracing (CPT) with the electrocardiogram (ECG II) 
and the phonocardiogram (PCG) recorded at lower (35 cps), middle (70 cps) and higher 
( 140 cps) cut-off frequencies. S1 and S2 indicate the first and second heart sound. Time 
lines 20 ms. 

repeated after amyl mtnte inhalation. The studies have been done at a 
fixed time of the day. Fig. 2.4 is an example of a record of the 4 pheno
mena in a patient with hypertrophic obstructive cardiomyopathy. 

From the records the following time intervals and deflections have been 
measured. 

1 .  The total electromechanical systole (QS2) ,  measured from the initial 
deflection of the Q-wave of the electrocardiogram to the first high 
frequency vibrations of the aortic component of the second heart 
sound. 

2 .  The left ventricular ejection tnne (L VET) , measured from the begin-
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ning of the upstroke of the carotid arterial pulse tracing to the trough 
of its incisura. 

3 .  The pre-ejection period (PEP), obtained by  subtracting the left ventri
cular ejection time from the QS2-interval. 

4 .  The ratio of  the pre-ejection period and the left ventricular ejection 
time (PEP /L VET). 

5 .  The a-wave ratio (a/H), the relative height of the a-wave of the apex
cardiogram expressed as a percentage of the total deflection, i.e. the 
distance between the preceding point 0 and the following point of 
maximal deflection (figs. 2 .3 and 2.4 ) . 

PCG 
3�.cps 

70cps 

140 cps· 

ACG 

ECG II! 
_J 

Fig. 2.3 Normal apexcardiogram (ACG) with electrocardiogram (ECG II) and phono
cardiograms (PCG) . The a-wave ratio (a/H) is measured as the relative height of the 
a-wave (a) and is expressed in percents of the total deflection (H) . 0 indicates the time 
of atria-ventricular valve opening, E is the point of maximum deflection and RF indicates 
the end of the rapid filling phase. 

1 1  



PCG 
35 cps 

140 cps 

CPT 
ACG 

. ECG Ir 

Fig. 2.4 Electrocardiogram (ECG II), phonocardiogram (PCG), carotid arterial pulse 
tracing (CPT) and apexcardiogram (ACG) recorded in a familial case of hypertrophic 
obstructive cardiomyopathy (patient No. 1 1  ). Note the absence of a bifid contour in the 
CPT (see p. 55) .  There is a distinct fourth heart sound (54) at the higher frequencies, which 
coincides with a tall a-wave in the ACG. The height (a) of the a-wave is defined as the 
distance between the point of intersection of the line of ascent of the a-wave and the 
slow filling wave, and its peak. The a-wave ratio in this case is 30 °/o, indicating a high 
left ventricular end-diastolic pressure (see figs. 2.6 and 2.7) .  The mid-systolic plateau of 
the ACG ends in a sharp end-systolic shoulder (ESS) which coincides with the aortic 
component of the second sound (52) .  This is characteristic for a sustained apical impulse 
as seen in left ventricular hypertrophy. 

The quantities mentioned here have been measured in 10  consecutive 
cardiac cycles and then averaged. 

The left ventricular ejection time obtained from the carotid pulse tracing 
correlates very well with the one obtained from the aortic pressure curve 
(Martin et al. , 1 971 ; see also fig. 2 . 5 ) .  The ejection time is dependent on 
the heart rate ; the higher the heart rate, the shorter the ejection time. 
Weissler, Harris and White ( 1 963) introduced the left ventricular ejection 
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time index (L VETI or ETI), which is the ejection time corrected for heart 
rate. It is derived from the correlation of ejection time and heart rate 
obtained from normal individuals . According to Weissler et al. the mean 
value of the ejection time index in males is 397 ms (standard deviation 14 . 5  
ms) and in  females 4 1 1 ms  (standard deviation 1 6  ms) .  These values hold 
for heart rates between 50 and 1 5 0  beats per min. 

The duration of a normal pre-ejection period given a normal QRS
interval of 1 00 ms or less, averages 80-90 ms with an upper limit of 1 05 
ms (Tavel, 1 967) . The ratio of pre-ejection period and left ventricular 
ejection time does not vary significantly with heart rate in the range of 
50 to 1 1 0 beats per min (Garrard et al. , 1 970) . According to Weissler and 
associates ( 1 969) the normal value ranges between 0 .309 and 0.3 8 1  with an 
average of 0 .345 .  The normal a-wave ratio ranges between 7 and 1 5  °/o 

ECG 

1 .... · ______ ....,__ ____ -'-------' 
J-__ · 

Fig. 2.5 Respiration (resp.), electrocardiogram (ECG), phonocardiogram (PCG), aortic 
pressure (Pao), brachia! artery pressure (P ab) and carotic arterial pulse tracing (CPT) 
recorded in a patient with hypertrophic obstructive cardiomyopathy 2 years after 
operation (patient No. 8 ) .  The ejection times measured from the aortic pressure curve 
and the carotid pulse tracing are identical. 
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(Benchimol and Dimond, 1962 ; Hartman, 1 964 ; Tavel, 1 967 ; Voigt and 
Friesinger, 1970) .  

In recent years relationships have been found between the systolic time 
intervals and a-wave ratio obtained from the external pulse recordings 
and some haemodynamic quantities. Given an unobstructed left ventricular 
outflow tract and a normal myocardial contractility, the left ventricular 
ejection time is predominantly determined by the stroke volume (Tavel, 
1 967) . The pre-ejection period has been found to correlate closely with the 
maximum of the first derivative of the left ventricular pressure (dP/dt) 

o/H (%) 

36 

30 

24 

18 

12 

0 12 18 24 

-. 

R = 0.616 (p<0.01) 

30 36 P1ved (mmHg) 

Fig. 2.6 Relationship between left ventricular end-diastolic pressure (P1ved) and a-wave 
ratio of the apexcardiogram (a/H) obtained from tracings which were not simultaneously 
recorded. The correlation is significant. 

o/H (%) 
3D / / 

/ 
/ 

30 / 
/ . 

/ 
24 / 

/ /. 
/ •  

18 / . 
/ . 

/ 
12 ,,{ 

/ / 
/ / / 

/ 
0 12 18 24 30 36 P1ved (mmHg) 

Fig. 2.7 R.elationship between left ventricular end-diastolic pressure (P1ved) and a-wave 
ratio of the apexcardiogram (a/H) obtained from simultaneous recordings in 6 patients 
with hypertrophic obstructive cardiomyopathy. The dashed line is the bisector of the 
coordinate system. An almost linear relation is found. 
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(Weissler et al. ,  1 968) ,  under the condition, however, that the diastolic 
aortic pressure remains constant (Metzger et al., 1 970) and that the end
diastolic left ventricular pressure does not exceed the normal level of 12  
mm Hg (Talley et al., 1971 ) .  Garrard and associates ( 1970) found a good 
correlation between the ratio PEP/L VET, the ratio of pre-ejection period 
and left ventricular ejection time, and the left ventricular ejection fraction, 
i .e. the ratio of stroke volume and end-diastolic volume, as determined by 
angiocardiography. In five cases of hypertrophic obstructive cardiomyo
pathy this correlation could also be demonstrated. However, it must be 
noted that in only two of their five patients a slight increase of the left 
ventricular end-diastolic pressure up to 1 8  mm Hg was found. 

The a-wave of the apexcardiogram represents the active filling phase of 
the left ventricle due to the atrial contraction. The a-wave ratio is a 
measure of the end-diastolic left ventricular pressure (Dimond and Ben
chimol, 1 963) ,  though correlations between a-wave ratio and left ventri
cular end-diastolic pressure have given divergent results as yet. This 
depends probably on whether or not simultaneous measurements have been 
correlated. In ischaemic heart disease Dimond and Benchimol demonstrated 
a close relationship between the a-wave ratio and the end-diastolic pres
sure of the left ventricle obtained from simultaneous recordings. Using not 
simultaneously recorded tracings Wolfe ( 1 966) and Meerschwam ( 196 8) 
were not able to assess a correlation between the a-wave ratio and the left 
ventricular end-diastolic pressure in patients with hypertrophic obstructive 
cardiomyopathy. Recently Voigt and Friesinger ( 1970) examined the 
relationship of a-wave ratio and end-diastolic pressure with simultaneous 
measurements in a variety of heart diseases . They found a better corre
lation between the a-wave ratio with the amplitude of the a-wave of the 
left ventricular pressure curve than with the end-diastolic pressure. 

In our study a significant correlation has been found between a-wave 
ratio and end-diastolic pressure when not simultaneously recorded (fig. 2.6) . 
When measured simultaneously, as has been done in 6 patients with hyper
trophic obstructive cardiomyopathy, an exellent, almost linear relationship 
is found (fig. 2 .7) .  An example of a simultaneous recording of apexcardio
gram and left ventricular diastolic pressure is shown in fig. 2 . 8 .  

2.2.2 PROVOCATIVE INTERVENTION WITH AMYL NITRITE INHALATION 

After recording the resting phonocardiogram and pulse tracings the patients 
have been asked to inhale amyl nitrite. Immediately after amyl nitrite 
inhalation and at intervals of 30 seconds to a few minutes again the electro
cardiogram, phonocardiogram, carotid arterial pulse tracing and apex
cardiogram were recorded simultaneously. The systolic time intervals, 
a-;-wave ratio and heart rate have been measured and plotted against time 
to show the changes of the different quantities following amyl nitrite 
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Fig. 2.8 Respiration (resp.), electrocardiogram (ECG), intracardiac electrocardiogram 
(IECG), phonocardiogram (PCG), brachial artery pressure (Pab), left ventricular pressure 
at normal and high sensitivity (P1v) and apexcardiogram (ACG) recorded in a patient 
with hypertrophic obstructive cardiomyopathy 2 years after operation (patient No. 8) .  
The left ventricular end-diastolic pressure i s  22 mm Hg and the a-wave ratio of the 
apexcardiogram is 20 °/o. 
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500 
Fig. 2 .9 Example of a normal response 
to amyl nitrite inhalation. Four diagrams 
are presented. From above down, the 
changes in ejection time index (ETI), the 
ratio of pre-ejection period and left ven
tricular ejection time (PEP/LVET) and 

!ETl(�s) 
420 � 
340 

the pre-ejection period (PEP), the a-wave 0400 PEP/LVET -

ratio of the apexcardiogram (a/H) and 
the heart rate (HR) are plotted against 0·320 

time. Above the double horizontal line, 0240 � \ I I I 

a/H (O/o) so 

3 4  
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the systolic time intervals are plotted. 
Before the inhalation a control record 
was taken. At the arrow, the inhalation 
of amyl nitrite was started. At O, about 
12 seconds later the first of a series of 5 
recordings taken at 30 s intervals was 
made. Bars at right represent the mean 
resting value and standard deviation; for 
the ETI and PEP/LVET the values ac
cording to Weissler (see p. 13)  were taken. 
According to Tavel the normal resting 
PEP ranges between 80 and 90 ms with 
an upper limit of 105 (see p. 1 3) .  The 
mean a-wave ratio is taken at 10 °/o with 
an upper limit of 1 5  O/o (see p. 1 3) .  The 
control values in this case are all within 
normal limits. Following the amyl nitrite 
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inhalation the rise in heart rate is clearly shown. The ETI shows a slight increase with 
a rapid return to normal. The PEP and PEP/LVET show the same direction and duration 
of changes and return to normal within 60 seconds. Typical for the normal response is 
the fact that the significant increase in heart rate does not provoke an increase of the 
a-wave ratio. This normal response is seen when the heart has an adequate distensibility. 
This case was chosen from results obtained in 12 healthy subjects who all showed 
essentially the same response. 

inhalation. Fig. 2. 9 shows a normal response. The main effect of amyl 
nitrite is a tachycardia elicited by an initial decrease in arterial pressure 
followed by a secondary positive inotropic influence upon the myocardium 
(Goodman and Gilman, 1 970) . Wigle ( 1965) considers this tachycardia not 
to be reflex in origin since a rise in left ventricular pressure occurs prior to 
the increase in heart rate. To be of value as a provocative test the amyl 
nitrite inhalation must give a sufficient increase in heart rate. A rise of at 
least 20 O/o is considered sufficient. The amyl nitrite effect can be abolished 
by beta-adrenergic blocking agents (Cohn et al., 1 968) .  

In patients with hypertrophic obstructive cardiomyopathy the induced 
tachycardia with augmented contractility will affect both the outflow tract 
obstruction and the left ventricular end-diastolic pressure. The left ventri
cular ejection time index (ETI) is related to the severity of the outflow 
tract obstruction and increases after amyl nitrite inhalation (Wigle et al., 
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1 967 ; Cohn et al. , 1 968) .  The a-wave ratio (a/H ratio), reflecting the end
diastolic pressure of the left ventricle, may rise. 

In the evaluation of the amyl nitrite test the direction, degree and 
duration of changes in the variables following the inhalation are used as 
criteria. In some cases the control values differ significantly from normal, 
e .g. in the presence of a bundle branch block a too high value for the pre
ejection period and for the ratio of pre-ejection period and ejection time is 
found. However, after amyl nitrite inhalation significant changes of short 
duration of the variables may point to an adequate response. The most 
consistent and conspicuous phenomenon seen in the graphs of patients with 
hypertrophic obstructive cardiomyopathy (fig. 2 . 1 0) ,  as compared with 
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Fig. 2 . 10 Changes in systolic time inter
vals, a-wave ratio and heart rate after 
inhalation of amyl nitrite in a patient 
with hypertrophic obstructive cardiomyo
pathy before treatment (patient No. 19) .  
The control value of the ETI is normal. 
With the increase in heart rate the ETI 
increases significantly and does not 
return within 60 seconds. Instead the 
ETI remains prolonged despite a rapid 
return of the heart rate to its control 
value. The control values of the PEP and 
PEP/LVET are prolonged despite a nor
mal QRS interval of 60 ms. A sharp 
decrease of both values occurs along with 
the increase in heart rate ; both values 
return within 60 s to normal. The a-wave 
ratio is too large and increases signifi
cantly with heart rate. The return to its 
control value is considerably delayed. 
This response of the a-wave ratio is in 
sharp contrast with the responses during 
tachycardia as seen in normal subjects 
(fig. 2.9), cases of mitral insufficiency 
(fig. 2 . 1 1 )  and of valvular aortic stenosis 
(fig. 2 . 12). This response of the a-wave 
ratio was consistently seen in cases ot 

hypertrophic obstructive cardiomyopathy and points to a reduced left ventricular com
pliance (see p.  33 ) .  The prolonged response of both the ETI and a-wave ratio compared 
with the heart rate is seen in cases of hypertrophic obstructive cardiomyopathy with a 
significant outflow tract obstruction. 

those of other patients (fig. 2 . 1 1  and 2 . 12)  and of healthy subjects (fig. 2 .9), 
was an increase in a-wave ratio concurrent with an increase in heart rate. 
This rate-dependent response of the a-wave ratio after amyl nitrite inhala
tion must be taken into account when evaluating the induced changes (see 
chapter 3 ) .  In normal subjects, changes, when present, returned to the 
control values within 60 to 90 s after amyl nitrite inhalation. 
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Fig. 2.12 Changes in systolic time inter
vals, a-wave ratio and heart rate after 
amyl nitrite inhalation in a patient with 
a severe valvular aortic stenosis. The 
ETI shows almost no change and stays 
at the upper limit of normal. The control 
value of the PEP is slightly prolonged, 
the control value of the PEP/LVET at 
the upper limit of normal. Both variables 
show a marked decrease and return 
within 60 seconds to the normal range 
with a gradual return to their control 
values. The a-wave ratio is normal and 
remains within normal limits despite the 
increase in heart rate. 

2.2.3 CARDIAC CA THETERIZA TION 

Fig. 2 .11 Changes in systolic time inter
vals, a-wave ratio and heart rate after 
inhalation of amyl nitrite in a patient 
with mitral insufficiency. The control 
value of the ETI is normal, shortens 
after amyl nitrite inhalation and remains 
shortened. The PEP and PEP/L VET both 
show a slight increase but remain within 
the normal range. The a-wave ratio is 
normal and shows minor variations with 
a tendency to decrease after amyl nitrite 
inhalation, despite the substantial increase 
in heart rate. 
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In 20 patients a diagnostic right and left heart catheterization has been 
carried out. All patients received a premedication of 1 '0 mg diazepam. 
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Fig. 2.13 Recording of respiration (resp.), electrocardiogram (ECG II), intracardiac 
electrocardiogram (IECG) obtained from the Pt electrode catheter in the left ventricle, 
phonocardiogram in the third left intercostal space (PCG 3L), brachial artery pressure 
(Pab), left ventricular pressure at normal and high sensitivity (P1v) . The left panel shows 
elevated and rounded ST segments in the IECG with abnormal left ventricular pressures. 
The right panel shows a normal IECG; this a prerequisite for the measurement of a 'free 
floating' pressure. 

All catheterizations have been done with Pt electrode catheters (U.S. 
Catheter and Instruments Corp.) The blood pressures have been measured 
with P23Db pressure transducers (Statham), set at zero level 5 cm below 
the sternal angle. In some patients a cathetertip micromanometer (Scimedics 
Inc., type IG 30-03-G) has been used. The metal tip of this catheter is used 
as electrode. Especially when recording the left ventricular pressure the 
intracardiac electrocardiogram (IECG) has also been recorded to detect 
contact of the cathetertip with the endocardium. Any contact is immediately 
seen by elevated and rounded ST segments (Watson, 1 964 ; Meerschwam, 
1968) .  Pressure tracings recorded simultaneously with an intracardiac 
electrocardiogram showing elevated ST segments may give erroneous 
results, particularly as to the end-diastolic pressure (fig. 2 . 1 3  ). Under any 
given condition the following criteria have been used to decide whether 
the recorded pressure represented the 'free floating-pressure' : 1 .  absence 
of elevated and rounded ST segments in the IECG, 2. absence of premature 
beats, 3 .  easy blood sampling and 4. paradoxical movement of the tip of 
the catheter with regard to the myocardial movements. 

Oxygen saturation readings were taken with a CC-oximeter (Kipp and 
Sons Company) . The cardiac output was determined by the indicator 
dilution method with indocyanine green as indicator using the linear reflec
tion densitometer described by Ten Hoor and Mook ( 1969) . In the course 
of these investigations two recorders were used : a Sanborn 350  8-channel 
recorder and an Elema EMT 1 60 1 6-channel recorder. After completion of 
the right heart catheterization, the catheter was brought back into the 
pulmonary capillary wedge position. Via a right brachial arteriotomy a Pt 
electrode catheter was positioned in the ascending aorta. Via an indwelling 
Cournand needle in the left brachial artery, pressures in the left brachial 
artery and the aorta were recorded simultaneously, together with an exter
nally recorded carotid arterial pulse tracing. Then, the tip of the intra
arterial catheter was positioned well down in the left ventricle under 
control of the intracardiac electrocardiogram. Together with simultaneous 
recordings of the left ventricular and left brachial artery pressures the 
apexcardiogram was recorded with an APT-16  transducer (see p. 9 ) .  At 
a paperspeed of 100 mm/s, a high gain left ventricular pressure tracing was 
recorded for measurement of the end-diastolic pressure. 

Since a cardiac catheterization is a time-limited procedure a choice had 
to be made between various provocative interventions. If permitted by the 
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condition of the patient, supine leg exercise for at least 10 minutes was 
performed with the aid of a bicycle ergometer. Before and during exercise 
pressure tracings and dye dilution curves were recorded. In some patients 
exercise was repeated after intravenous administration of 5 mg of pro
pranolol (see chapters 4 and 5 ) .  Practolol (ICI 50 . 172) for intravenous use 
was not available at the time of this study. In other patients, haemo
dynamic data were obtained before and after the intravenous admini
stration of 2 to 4 pg of isoproterenol, and before and after the intravenous 
injection of 5 mg of propranolol. At the end of the cardiac catheterization, 
a cineangiocardiogram of the left ventricle was made, taken in the right 
and left anterior oblique position. 

The cardiac output has been calculated from the dye dilution curves 
using the Stewart-Hamilton formula. The cardiac index (l/min/m2) is 
obtained by dividing cardiac output by the body surface area. Cardiac 
index divided by heart rate gives the stroke index (ml/m2) .  The left ventri
cular stroke work index has been calculated according to the following 
equation : 

W 
_ 1 .36  (P1vs - P1ved) · Qivsi 

�� - 100 

where Wrvsi = the left ventricular stroke work index (gm/m2) ,  Prvs = the 
mean left ventricular pressure during ejection (mm Hg), Pived = the left 
ventricular end-diastolic pressure (mm Hg), Qrvsi = stroke index (ml/m2) 
and 1 .36  is the factor for converting mm Hg in g/cm2 • 

The left ventricular end-diastolic volume has not been measured in this 
study. Some preliminary measurements were found to be too inaccurate for 
reliable information. The left ventricular end-diastolic pressure was 
measured after the a-wave. In accordance with Braunwald et al. ( 1956) the 
point of measurement almost invariably occurred 50 ms after the onset of 
the Q-wave o f  the electrocardiogram. High gain left ventricular pressure 
curves were recorded at a paperspeed of 100 mm/s . The average of 10 end
expiratory measurements was used. The largest deviation from the average 
was less than 1 0  °/o. The left ventricular-aortic pressure gradient was 
measured from a withdrawal tracing in the basal state at the beginning of 
the left heart catheterization. The mean value of 3 withdrawal tracings 
was taken as the resting outflow tract gradient. During exercise tests the 
left ventricular and the left brachial artery pressure tracings were taken 
to determine the transstenotic pressure gradient. 
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CHAPTER 3 

P A TH O P H Y S I O L O G I CA L  CO N S I D E RA T I O N S  

I n  this chapter a brief review will b e  given o f  the pathophysiological 
mechanisms involved in the clinical and haemodynamic picture of hyper
trophic obstructive cardiomyopathy. Left ventricular outflow tract 
obstruction and associated mitral incompetence, left ventricular function 
and left atrial function, though interdependent, will be discussed separately. 

3 . 1  L E F T  V E N T R I C U L A R  O U T F L O W  T R A C T  O B S T RU C T I O N  A N D  
M I TR A L  I N C O M P E T E N C E  

A s  i s  mentioned i n  chapter 1 ,  i t  i s  now generally accepted that the 
mechanism o f  outflow tract obstruction in hypertrophic obstructive cardio
myopathy is of dual nature and results from the mid-systolic apposition of 
both the basal portion of the hypertrophied interventricular septum and 
the anterior cusp of the mitral valve (fig. 3 . 1  ) . As a myocardial structure 

Fig. 3 . 1  Angiograms of the left ventricle of a patient with hypertrophic obstructive 
cardiomyopathy, taken in the left transverse projection. 
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the hypertrophied septum is subject to any intervention that may alter 
myocardial contractility. The terms 'contractility' or 'contractile state' will 
be used in this study to indicate the property of cardiac muscle to shorten 
or to develop tension, or both. 

Braunwald and Ebert ( 1 962) already noted the effects of positive ino
tropic interventions upon the outflow tract. Cardiac glycosides and iso
proterenol increased the outflow tract obstruction by augmenting the 
contractile state of the myocardium. On the other hand, depressing the 
myocardial contractility by beta-adrenergic blocking agents was found to 
diminish the outflow tract narrowing (Flamm et al. ,  1 968)  and to prevent 
the intensification of the obstruction induced by isoproterenol (Braunwald 
et al., 1 964 ) .  

Besides these intramural myocardial contractile forces, intraluminal fac
tors such as intracavitary volume and systemic arterial pressure also were 
found to play an important role in governing the degree of the outflow 
tract narrowing. Diminution of the intraventricular volume invariably 
resulted in an increase of the outflow tract obstruction (Braunwald et al., 
1 964 ; Rackley et al., 1 966) .  Wigle ( 1 965) was able to demonstrate the 
effect of altering the peripheral arterial resistance. For instance, lowering 
the aortic pressure resulted in an increase of the obstruction, while raising 
the aortic pressure by angiotensin diminished the narrowing of the outflow 
tract. On the basis of these observations, Wigle introduced the concept of 
the outflow tract 'distending pressure', thereby indicating that obstruction 
depends on the net result of distending and contractile forces during 
systole. The massive hypertrophy of the left ventricular muscle fibres, 
however, favours a tendency of the contractile forces to predominate. 

The so-called Brockenbrough phenomenon may illustrate the interaction 
of the intramural and intraluminal forces. Brockenbrough and coworkers 
( 1 96 1 )  observed that in patients with hypertrophic obstructive cardiomyo
pathy during a postectopic beat the systolic arterial pressure did not follow 
the increased left ventricular pressure. In several of our patients this phe
nomenon could also be demonstrated (fig. 3 .2 ) .  During the postectopic beat 
the systolic pressure gradient is increased. This is not seen in cases of 
valvular aortic stenosis. They have concluded that during the postectopic 
beat the obstruction is increased and that the stroke volume does not 

Fig. 3.2 Recording of respiration (inspiration upwards) , electrocardiogram (ECG), intra- � 
cardiac electrocardiogram (IECG) obtained from the cathetertip electrode in the left r 
ventricle, phonocardiogram from the 3rd left intercostal space (PCG 3L) , brachia! artery 
pressure (Pab) and left ventricular pressure (P1v) from a patient with hypertrophic 
obstructive cardiomyopathy 4 years after operation. The third beat in this record is an 
extrasystole. During the postectopic beat the systolic left ventricular pressure is higher 
than in the normal preceding beats, while the brachia! artery pressure is lower than in 
the foregoing beats. Thus, the systolic pressure gradient is increased. This is called the 
Brockenbrough phenomenon. Note the absence of any increase in the diastolic left 
ventricular pressure during the compensatory pause. 
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change despite the longer preceding diastolic pause. Rackley and associates 
( 1 966) indeed could confirm the absence of a rise in intra ventricular 
volume in hypertrophic obstructive cardiomyopathy throughout a pro
longed diastolic period. The occurrence of the Brockenbrough phenomenon 
is no index of the severity of the stenosis, because it is also seen in patients 
with an insignificant outflow tract obstruction. In fact the patient whose 
records are shown in fig. 3 .2  appeared to have almost no pressure gradient 
between left ventricle and aorta (fig. 3 . 3 ) .  

Fig. 3 . 3  Withdrawal pressure curve from the left ventricle t o  the aorta showing a 
transstenotic pressure gradient of about 10 mm Hg in the same patient as of fig. 3 .2 .  Note 
the change of the intracavitary ECG obtained from the electrode at the tip of the 
catheter. 

Fig. 3 .4 shows a record indicating an only slight increase of the maximum 
of the first derivative of the left ventricular pressure during a postectopic 
beat. During exercise the residual systolic pressure gradient in this patient 
does not increase despite the increase of the left ventricular pressure, while 
the maximum of the first derivative of the left ventricular pressure is sub
stantially increased (fig. 3 . 5 ) .  It is only noted here that in this patient the 
Brockenbrough phenomenon is characterized by an increase of the left 
ventricular pressure, an increase of the transstenotic pressure gradient and 
no increase of the maximal dP/dt. During exercise the left ventricular 
pressure is also increased without an increase in the pressure gradient but 
with an increase of the maximal dP/dt. 

The increased 15lood flow velocity through the narrowed outflow tract 
in combination with the rapid initial ejection of blood by the left ventricle 
may cause a Venturi effect as postulated by Wigle and co-workers ( 197 1 ) .  
By this effect the anterior mitral leaflet is drawn into the outflow tract at 
the height of the systole. Sudden outflow tract obstruction ensues, with a 
partial derailment of the blood flow now directed to the left atrium. A 
mitral regurgitation, secondary to the outflow tract obstruction, results, 
occurring in late systole. Recent echocardiographic studies have confirmed 
a sharp anterior movement of the anterior mitral valve leaflet in mid
systole (Pridie and Oakley, 1 970) . Hypertrophy of the left ventricle, 
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velocity of blood flow and severity of the obstruction are obviously inter
related. This also could be assessed by echocardiography in demonstrating 
a sharper anterior motion of the mitral valve at greater velocity of blood 
flow (Shah, 1971 ) .  

1 s  
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Fig. 3.4 Recording of respiration, electrocardiogram (ECG), intracardiac electrocardio
gram (IECG), phonocardiogram (PCG), left ventricular pressure (P1v) and the first 
derivative of the left ventricular pressure (dP/dt) in a patient with hypertrophic obstruc
tive cardiomyopathy 3 years after operation. A cathetertip manometer (Scimedics) was 
used. The postectopic beat increases the residual resting pressure gradient of 40 mm Hg 
to 120 mm Hg but shows an only slight increase in the maximal dP/dt. 
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Fig. 3 .5 Respiration (inspiration upwards), intracardiac electrocardiogram (IECG) , left 
ventricular pressure (Prv) and the first derivative of the left ventricular pressure (dP/dt) 
recorded during exercise in the same patient as of fig. 3 .4 .  After 10 min exercise the 
maximal dP/dt of the left ventricular pressure is substantially increased from 1 325 to 
about 2500 mm Hg/s without an increase of the residual pressure gradient of 40 mm Hg 
between the left ventricle and the brachial artery (the latter not shown here). 

The mode of contraction is markedly circumferential. This is common 
to left ventricular hypertrophy (Mounsey, 1 967) . It prevents longitudinal 
shortening of the left ventricle, so there is no adequate base-to-apex 
movement in systole. 

The distortion and small size of the left ventricle, the abnormal spatial 
orientation of the thickened, angulated septum and hypertrophied papillary 
muscles are additional functional-anatomic factors which prevent an effec
tive systolic apposition of the mitral valve. 

It will be obvious that the interaction of the many mechanisms, involved 
in the dynamics of the left ventricular outflow tract obstruction, readily 
explains the extreme variability of the haemodynamic reflection of the 
outflow tract obstruction, i .e. the transstenotic pressure gradient. 
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3.2 L E F T  V E N T R I C U L A R  C O N TR A C T I O N  

I n  systole, approximately 8 0  per cent o f  the forward stroke volume is 
expelled during the initial unobstructed ejection period (Pierce et al. , 1 964 ; 
Hernandez et al. ,  1 964) against a normal afterload, by which is meant the 
load encountered by the ventricular muscle fibres at any instant after the 
aortic valve has opened. In mid-systole, the outflow tract is suddenly 
obstructed, impeding further ejection and imposing an abrupt load upon 
the contracting myocardial fibres. In terms of muscle mechanics, the 
pattern of contraction is suddenly changed from mainly isotonic to almost 
isometric and resembles the quick stretch as known in muscular physiology. 

A. V. Hill ( 1960, 1970), in studying the effects of a quick stretch during 
contraction in a toad sartorius muscle preparation, concluded that 'work 
absorbed in stretching a contracting muscle can reverse the chemical pro
cesses of activity'. This conclusion is consonant with the recent experiments 
of Parmley and co-workers ( 1969) on isolated cat papillary muscles. They 
observed a heightened contractile state during isotonic contraction when 
the mode of contraction was suddenly changed from isotonic to isometric 
by imposing an abrupt load on the isolated cat papillary muscle. 

In cases of hypertrophic obstructive cardiomyopathy, the hypertrophy 
of the myocardium is believed not to be secondary to the haemodynamic 
stress of the outflow tract obstruction (Oakley, 1971  ) .  However, on the 
basis of the above-mentioned experimental data it is conceivable that the 
sudden change in pattern of contraction from isotonic to almost isometric 
should act as a beat-to-beat stimulus to the myocardial muscle fibres 
thereby maintaining or even aggravating the primary hypertrophy. This 
abnormal stress during the contraction may be considered to trigger a 
vicious cycle of increasing hypertrophy, which increases the velocity of 
ejection resulting in an increasing outflow tract obstruction. A beneficial 
effect could be expected from interruption of this vicious cycle by dimi
nishing or abolishing the outflow tract stenosis e.g. by beta-adrenergic 
blocking agents or surgical dissection. 

Left ventricular hypertrophy determines the rapidity and completeness 
of systolic emptying. The forceful contraction of the middle circular muscle 
layers reaching to the apex causes a complete or almost complete systolic 
emptying of the apical region, as can be experienced during cardiac cathe
terization by the phenomenon of catheter entrapment and by the systolic 
appearance of a slit-like apical area, the apical 'tongue', in the angiocardio
gram (fig. 3 .6 ) .  

At the end of systole, the left ventricle i s  left with a small end-systolic 
volume as a result of both the rapid unobstructed ejection of the forward 
stroke volume and the loss of blood regurgitating across the mitral valve. 

3.3 V E N TR I C U L A R  F I L L I N G  

In hypertrophic obstructive cardiomyopathy the compliance o f  the left 
ventricle is reduced. This is due to the hypertrophy and fibrosis of the myo-
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Fig. 3 .6 Angiogram of the left ventricle taken in antero-posterior projection. The 
typical banana-shaped left ventricular cavity with a slit-like apical portion is clearly 
visible. Upper left, a slight opacification of the left atrium is present, indicating mitral 
regurgitation. 
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cardium. Because of the reduced compliance the passive filling of the left 
ventricle is impeded. Restriction of passive ventricular filling calls for an 
increase in active ventricular filling due to left atrial contraction. A pro
longation of the diastolic filling time does not result in an augmentation of 
the intraventricular volume, as already stated (p . 28) .  However, shorte
ning of the diastolic filling time results in a further restriction of the 
ventricular volume leading to a further increase in atrial activity. An 
increase in heart rate in hypertrophic obstructive cardiomyopathy is asso
ciated with an immediate rise in left ventricular end-diastolic pressure due 
to the more vigorous atrial contraction. In normal hearts, this rate-induced 
rise in end-diastolic pressure is only seen in cases of extreme tachycardia 
(Sarnoff et al., 1 960;  Wallace et al., 1 963) .  As will be shown, this rate
dependent response of a rise in left ventricular end-diastolic pressure 
reflected by an increase in the a-wave ratio of the apexcardiogram after 
amyl nitrite inhalation, was consistently observed in our patients (see e.g. 
chapter 4, fig. 4 .4  ) .  

What i s  stated about the muscle of  the left ventricle to  some extent also 
applies for the left atrium; the atrial relaxation probably is also retarded. 
Therefore the normal preclosure effect on the mitral valve caused by the 
atrial relaxation (Sarnoff et al., 1962 ; Brockman, 1 963) may be absent. 

As a result of the restricted filling capacity of the left ventricle, the 
blood will have to accumulate in the left atrium. Dilatation and hyper
trophy of the left atrium ensue, which makes the subsequent period of 
active ventricular filling of utmost haemodynamic importance (fig. 3 .7) .  

As can be seen from left ventricular pressure curves, the elevation of the 
end-diastolic pressure occurs only after completion of the atrial contraction 
reflected by the a-wave. Thus, both the end-diastolic volume and the end
diastolic pressure are dependent on atrial activity and explain the close 
correlation found between the left ventricular end-diastolic pressure and 
the a-wave ratio of the apexcardiogram (see p. 1 5 ) .  

3 .4 L E F T  A T R I A L  C O N T RA C T I O N  

Subsequent to the period o f  passive ventricular filling during which the 
left atrium serves as a reservoir, the forceful contraction of a dilated and 
hypertrophied atrium has to expel a larger mass of blood at greater velocity 
into a small-sized, thick-walled left ventricle. This results in a sudden 
impact of the ejected blood mass on the blood in the left ventricle and the 
left ventricular wall. The occurrence of this sudden impact is reflected 
internally by a large a-wave in the left ventricular pressure curve and is 
recorded externally by a fourth heart sound and a high a-wave in the 
apexcardiogram. To overcome the resistance to ventricular inflow the mean 
left atrial pressure must be elevated. The genesis of the fourth heart sound 
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Fig. 3 .7 Cine-angiograms of the left atrium and left ventricle in the left anterior oblique 
position in a patient with hypertrophic obstructive cardiomyopathy. Contrast material 
has been injected into the pulmonary artery. A second catheter is located in the inflow 
tract of the left ventricle. The left hand frame shows the left atrium (dotted lines) before 

and the high a-wave in the apexcardiogram are dependent upon effective 
forceful atrial contraction, absence of mitral valve obstruction and a 
diminished left ventricular compliance. 

A diminution of the force of atrial contraction, therefore, may be reflec
ted by a disappearance of the fourth sound out of the high frequency 
phonocardiogram and a decrease in magnitude of the a-wave of the apex-
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contraction, maximally filled with contrast. The tip of the catheter in the left ventricle 
is still clearly visible (arrow) . After the left atrial contraction shown in the right hand 
frame (dotted lines), the small left ventricular cavity now is filled with contrast (arrow) 
embedding the tip of the catheter in the left ventricle. 

cardiogram. A joint decrease in both these phenomena during or after 
treatment may either point to a fall in left ventricular end-diastolic pres
sure, or reflect a depression of atrial activity e.g. during beta-adrenergic 
blocking therapy. Loss of atrial transport function, as in cases of atrial 
fibrillation, results in a further rise of the mean left atrial pressure and a 
substantial reduction of left ventricular end-diastolic volume. Clinically, 
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this left atrial failure results in a rapid deterioration. Dyspnoea and pul
monary congestion as signs of backward failure are accompanied by a 
severe shock syndrome as a sign of acute forward failure. Maintenance of 
left atrial transport function, therefore, is of crucial importance in this 
condition. 

Outflow tract obstruction, left ventricular dysfunction and increased 
left atrial activity may be considered to form a functional triad in hyper
trophic obstructive cardiomyopathy in which the decreased left ventricular 
compliance is central. On the one hand, the need for atrial transport is 
increased in proportion to the reduction in left ventricular compliance. On 
the other hand, the preload with which the subsequent left ventricular 
systole must start, i .e. the end-diastolic pressure and the end-diastolic 
volume, is largely determined by the increased left atrial transport function. 
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CHAPTER 4 

E VA L UA T I O N  O F  S U R G I CA L  TRE A T M E N T  B Y  I N VA S I V E  

A N D  N ON- I N VA S I V E  M E T H O D S  

4 . 1  I N T R O D U C T I O N  

Surgery in cases o f  HOCM may be applied in order to relieve the outflow 
tract obstruction of the left ventricle by either splitting of the muscular 
bar, a myotomy, or resection of the hypertrophied muscle mass, a myec
tomy. Various approaches to the left ventricular outflow tract, as aorto
tomy, left or right ventriculotomy, have been advocated. Morrow and 
Brockenbrough ( 1961 ) ,  Braunwald and colleagues ( 1 964) ,  Cleland ( 1 964) ,  
Bentall ( 1 964) and Bigelow and associaties ( 1 966) described a splitting of 
the muscular bar combined with a limited resection of the protruding 
muscle fibres via an aortotomy. Other surgical centres prefer the com
bination of an aortotomy with a left transventricular incision to resect the 
hypertrophied muscle tissue of the interventricular septum (Kirklin and 
Ellis, 1 96 1 ; Barratt-Boyes and O'Brien, 1 97 1 ) . Cooley and co-workers 
( 1967) described a combined approach consisting of an aortotomy with a 
right ventriculotomy. This combined approach might give a better visuali
zation of the hypertrophied interventricular septum. Therefore, this surgical 
method should allow larger resections and avoid conduction disturbances 
as well. Since it was found difficult to estimate through the aortotomy the 
depth of the myotomy and the amount of muscle to be resected, the surgical 
method as discribed by Cooley was preferred in our centre and performed 
in the last 8 cases in our series of eleven patients. Previous reports described 
this method, called a septectomy (Van de Wall et al. ,  1 970 ; Van de Wall 
and Homan van der Heide, 1971 ) .  

After institution of  normothermic cardiopulmonary bypass and aortic 
cross clamping, a small transverse incision in the ascending aorta permits 
the insertion of the left index finger into the left ventricle. A transverse 
right ventriculotomy provides then a good visualization of the hyper
trophied septum now easily pushed upwards by the left index finger. The 
thickness and length of the hypertrophied muscle mass can be palpated. 
A myectomy of the septum, a septectomy, may be performed on guidance 
of bidigital palpation utilising a cutting spoon-like forceps. 

Indications for surgery consisted of severe functional disability, deter
mined by symptoms of angina pectoris, dyspnoea, syncopal attacks and 
fatigue, and a systolic left ventricular-aortic pressure gradient of at least 
50 mm Hg at rest. Moreover, lack of benefit of previous treatment with 
beta-adrenergic blocking agents had been considered as an additional 
indication. 
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4.2 P A T I E N T S  A N D  S U R G I C A L  T R E A T M E N T  

In  eleven patients, who presented clinical, electrocardiographic and angio
cardiographic findings characteristic of hypertrophic obstructive cardio
myopathy, a right and left heart catheterization was performed. Under 
basal conditions a systolic pressure gradient between the left ventricle and 
the ascending aorta was present in every patient ; these gradients ranged 
from 50 to 1 1 5  mm Hg. All patients were severely symptomatic and had to 
be graded functionally in Class III (9 patients) and Class IV (2 patients) 
according to the New York Heart Association. The eleven patients at the 
time of operation ranged in age from 26 to 5 1  years ; 5 were men, 6 were 
women. In this group of patients there were 4 familial cases . 

Three hospital deaths occurred (patients Nos. 9, 1 0  and 1 8) resulting 
from an intractable low output failure. Pre-operatively, two of these 
patients, a man of 47 and a woman of 5 1  years of age, had to be classified 
functionally in Class IV and belonged to the older age group. 

Thick-walled left ventricles with a fibrotic aspect were found at opera
tion not even permitting the introduction of an apex canula (internal dia
meter : 0.25 inch) into the small-sized distorted left ventricular cavity. 
After the septectomy, performed in these two patients, efforts to augment 
ventricular filling by infusions of glucose and saline combined with iso
proterenol were completely ineffective. 

The third patient, a woman of 43 years of age, died a few hours after 
resection of calcified mitral valve leaflets and implantation of a valve 
prosthesis. Known for 5 years with a hypertrophic obstructive cardiomyo
pathy, surgery initially had been refused. Recently, sudden clinical deterio
ration due to recurrent attacks of atrial fibrillation, did require frequent 
and life-saving electrical defibrillations. When in sinus rhythm, a repeat 
cardiac catheterization showed a decreased outflow tract pressure gradient 
of 20 mm Hg, being 75 mm Hg at the time of the first cardiac catheteri
zation. The elevated left ventricular end-diastolic pressure of 30 mm Hg 
was found unaltered. A severe mitral regurgitation occur�ing with the 
very onset of systole could be assessed angiocardiographically. Lack of 
effect of anti-arrhythmic agents as quinidine and practolol (LC.I.  50172) 
in maintaining sinus rhythm, did conclude to the surgical intervention. At 
postmortem examination, the picture of the thick-walled fibrotic left ven
tricle was impressive and could readily explain the fatal outcome in this 
patient. 

C A S E  H I S T O R I E S  O F  T H E  8 S U R  V I V I  N G  P A T I E NT S  

Patient No. 1 (HM: 37315) A woman, 2 6  years o f  age, had been examined i n  1963 
because of clinical and phonocardiographic findings suggestive for hypertrophic obstruc
tive cardiomyopathy. At cardiac catheterization, an outflow tract pressure gradient of 
100 mm Hg and a left ventricular end-diastolic pressure of 25 mm Hg were found. 
A rnitral insufficiency was present. Eighteen months after a transaortic myotomy combined 
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with a limited myectomy (Dec. 1 965), an outflow tract pressure gradient of 1 00 mm Hg 
was still present at a repeat cardiac catheterization. Therefore, additional oral therapy 
with propranolol was given, 60 mg daily. Six months afterwards, a second repeat cardiac 
catheterization showed a decreased outflow tract pressure gradient of 15 mm Hg and a 
left ventricular end-diastolic pressure of 1 5  mm Hg. This finding supported the impression 
gained from previous experiences in patients with hypertrophic obstructive cardiomyo
pathy that a combination of surgery with beta-adrenergic blocking agents might be the 
treatment of choice in this disorder (Rookmaker et al., 1968) . Clinically, a considerable 
improvement had occurred. Today this patient is fully active as a housewife, taking care 
of her child after an uneventful spontaneous delivery, 4 years after the operation. 

Patient No. 2 (HM: 41432) A man of 45 years of age, was first seen in 1 964 with 
complaints of dyspnoea and fatigue. The presence of a systolic murmur maximal at the 
apex led to a diagnosis suggestive for mitral insufficiency or a ventricular septal defect. 
Physical examination, electro- and vectorcardiography, cardiac catheterization and angio
cardiography did establish the diagnosis of hypertrophic obstructive cardiomyopathy 
with a resting outflow tract pressure gradient of 75 mm Hg. In March 1 966, the outflow 
tract obstruction was relieved by a transaortic myotomy combined with limited myec
tomy. The postoperative course was uneventful, except for slight attacks of dyspnoea on 
exertion and angina pectoris. These symptoms required the oral administration of the 
beta blocking agent alprenolol (Aptine®, Astra), 100 mg daily. A follow-up during the 
last 5 years disclosed a stable improvement allowing ordinary daily activities. A recently 
performed repeat cardiac catheterization (May 1 971)  confirmed the clinical improvement. 

Patient No.  3 (HM: 5 8 5 68) A housewife of 41 years of age, like two of her sisters 
known for 5 years with hypertrophic obstructive cardiomyopathy, had disabling symptoms 
of angina pectoris, dyspnoea, dizziness and fatigue. At cardiac catheterization a signifi
cant resting outflow tract pressure gradient of 1 1 0  mm Hg and a left ventricular end
diastolic pressure of 30 mm Hg were found. In February 1968,  a septectomy through a 
right ventriculotomy was performed. A large part of the interventricular septum was 
resected. Initially this patient made an excellent recovery. However, 20 months after 
operation, this patient was admitted to the hospital because of clinical deterioration due 
to suddenly developing attacks of atrial fibrillation. Repeated electrical defibrillatiorn 
succeeded to restore sinus rhythm resulting in dramatic improvement of the clinical 
condition. While in sinus rhythm, a repeat left heart catheterization was carried out. 
With the catheter well down in the left ventricle, an intraventricular pressure gradient 
of 90 mm Hg across a muscular narrowing located below a widely open, ill-contracting 
and extremely irritable zone in the left ventricular outflow tract was found. On the 
image intensifier, a paradoxical pattern of contraction was visible between the apical 
region and an abnormally ballooning outflow tract area. The diagnosis of a septal 
aneurysm was apparent. An attack of ventricular fibrillation during the cardiac cathete
rization prevented angiocardiographic assessment of this observation. At present, this 
patient is fully incapacitated and bedridden. 

Patient No. 4 (HM: 41551) A man of 34 years of age, in whom in 1955 a diagnosis of 
ventricular septal defect was suspected, was reexamined in 1968 .  This patient chiefly 
complained of anginal attacks frequently associated with palpitations. Increasing fatigue 
restricted his activities. Physical examination disclosed a double apex impulse with a 
clearly audible fourth heart sound. A systolic murmur maximal at the apex was present. 
At left heart catheterization a resting outflow tract pressure gradient of 70 mm Hg was 
found. A septectomy through a right ventriculotomy was performed in November 1 968 .  
After an  uneventful recovery this patient was able to  resume his daily activities without 
major complaints. Oral therapy with 50 mg of alprenolol daily was given to suppress 
slight attacks of palpitations. A postoperative repeat catheterization has not been per
formed. 
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Patient No. 5 (HM: 44914) A man, aged 47, experienced attacks of angina pectoris and 
dyspnoea from 1 961 .  His father and a brother both died from a 'heart attack' at a 
younger age. On admission to the hospital in 1 964, clinical, electrocardiographic, haemo
dynamic and angiographic findings established the diagnosis of hypertrophic obstructive 
cardiomyopathy. When in sinus rhythm, an outflow tract pressure gradient of 75 mm Hg 
with a left ventricular end-diastolic pressure of 30 mm Hg was found. Functionally this 
patient had been graded in Class III. Since surgery initially had been refused, propra
nolol, 1 20 mg daily, was administered. Lack of benefit of the beta-adrenergic blocking 
therapy led us to perform a repeat cardiac catheterization in 1 967. Both the outflow 
tract pressure gradient and the left ventricular end-diastolic pressure were found to be 
unaltered. Eventually this patient consented to an operation. In March 1 969 a right 
ventriculotomy with a large resection of the interventricular septum was carried out. 
A small left-to-right shunt of 20 percent due to a small ventricular septal defect appeared 
to be present after operation. In 1970 this patient was readmitted to the hospital for 
electrical defibrillation of persistent atrial fibrillation, which had occurred a few months 
after operation. Despite this arrhythmia the patient was asymptomatic. Several efforts 
to restore sinus rhythm with oral therapy had hitherto failed, as did also the electrical 
cardioversions. In order to evaluate the clinical improvement a right and left heart 
catheterization was carried out. 

Patient No. 6 (HM: 59460) A woman of 34 years of age, underwent a right and left 
heart catheterization in 1967 because of clinical and phono-mechanocardiographic 
evidence of hypertrophic obstructive cardiomyopathy. At the age of 13 a younger brother 
had suddenly died of a heart attack. At cardiac catheterization an outflow tract pressure 
gradient of 1 1 5  mm Hg with an elevated left ventricular end-diastolic pressure of 30 mm 
Hg was found. During the cardiac catheterization 5 mg of propranolol, injected intra
venously, decreased the outflow tract pressure gradient to 35 mm Hg, and the left 
ventricular end-diastolic pressure to 15 mm Hg. These benefical effects of propranolol 
seemed to justify the oral administration of 1 60 mg of propranolol daily as a medical 
therapy. In order to investigate the long-term effect of propranolol, ten months later a 
repeat cardiac catheterization was performed. An outflow tract pressure gradient of 
75 mm Hg with an elevated left ventricular end-diastolic pressure of 16 mm Hg was 
found. The still present disabling symptoms and these haemodynamic data made this 
patient a candidate for surgery. In November 1 968 a septectomy through a right ventri
culotomy was performed. Postoperatively, propranolol had to be discontinued because of 
side effects as fatigue, nausea, and erythema. Digoxin and frusemide are still needed, 
chiefly to alleviate slight dyspnoea on exertion. In April 1 971 ,  a second repeat cardiac 
catheterization was carried out. The haemodynamic data were compared with the 
results obtained from non-invasive methods. 

Patient No. 7 (HM: 46112) A housewife of 38 years of age, first seen in 1 965 with 
symptoms of angina pectoris, dyspnoea on exertion and extreme fatigue, was examined 
in 1 967 by cardiac catheterization. A resting outflow tract pressure gradient of 1 1 0  mm 
Hg with a left ventricular end-diastolic pressure of 25 mm Hg c0uld be assessed. Pro
pranolol, 5 mg intravenously, lowered the end-diastolic pressure to 15 mm Hg, but failed 
to decrease the outflow tract pressure gradient. After 8 months of oral therapy with 
1 60 mg of propranolol daily, a repeat catheterization showed an outflow tract pressure 
gradient of 75 mm Hg and a left ventricular end-diastolic pressure of 25 mm Hg. In 
October 1 968 ,  a septectomy was performed. Through a right transventricular myotomy 
a large mass of hypertrophied septa! tissue had been resected. Postoperative recovery 
was uneventful. However, symptoms of dyspnoea and slight angina! attacks gradually 
recurred and required a combined oral therapy of 400 mg of alprenolol and 50 mg of 
digoxin daily. A postoperative cardiac catheterization was not carried out as yet. 

Patient No. 8 (HM: 68302) A man of 39 years of age, suffered from attacks of angina 
pectoris and dyspnoea since 1 966. In 1 967 his brother suddenly expired shortly after a 
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physical examination which had revealed no abnormalities. On admission to the hospital 
in 1 967, the diagnosis of a hypertrophic obstructive cardiomyopathy was evident. An 
outflow tract pressure gradient of 100 mm Hg and a left ventricular end-diastolic pres
sure of 22 mm Hg were found at cardiac catheterization. Intravenously injected propra
nolol, 5 mg, lowered the outflow tract pressure gradient significantly from 100 mm Hg 
to 45 mm Hg. Therefore, treatment was started with propranolol, 1 20 mg daily. Lack of 
effect of the oral propranolol therapy during the course of a year did us decide to 
advise surgery. In May 1 969, through a right ventriculotomy, a septectomy of the 
enormously hypertrophied septum was performed. After operation a low output syndrome 
could be overcome by infusions of isoproterenol. After discharge of the hospital, recovery 
was uneventful. On strenuous exertion he experienced slight dyspnoea for which digoxin 
50 mg daily has been given. In May 1 971 ,  a repeat cardiac catheterization was carried 
out in order to evaluate the postoperative condition. 

4.3 E VA L U A T I O N  O F  S U R G I C A L  T R E A T M E N T  B Y  I N VA S I V E  A N D  
N O N - I N VA S I VE M E TH O D S  

In the 8 patients, the long-term results o f  surgical treatment have been 
evaluated by non-invasive methods, invasive methods, or both. The data 
of a total of 29 provocative interventions with inhalation of amyl nitrite 
and of 14 cardiac catheterizations, performed in these 8 patients, have been 
compared. Of the results obtained, some examples will be given. In 3 
selected cases (patients No. 2, 6 and 8) ,  newer developments in methods 
and equipment allowed a more detailed analysis of cardiac function after 
operation. As outlined in chapter 2, phonocardiograms and external pulse 

TABLE 4.1  The a-wave ratio of the apexcardiogram (a/H), the peak systolic left ventri
cular - aortic pressure gradient (Plv(max) -Pao (max) ), the left ventricular 
end-diastolic pressure (Plvecl) and the functional class in 8 patients with 
hypertrophic obstructive cardiomyopathy before and after operation. 
Patients 4 and 7 underwent no postoperative cardiac catheterization. The 
changes in values of the a-wave ratio and of the left ventricular end
diastolic pressure show a striking similarity. The change in functional 
improvement concurs with the change in left ventricular end-diastolic 
pressure rather than with the change in outflow tract pressure gradient (see 
also fig. 4 .1 ) . 

Pat. Age 
No. yrs 

1 .  26 
2. 45 
3. 41 
4 .  34 
5 .  47 
6 .  34 
7 .  3 8  
8 .  39  

Sex 

f 
m 
f 

m 
f 

m 
f 

m 

a/H ratio 
('°lo) 

I Plv(max) -Pao cmax) I (mmHg) 

35  14  1 00 1 5  
25  1 8  75 10  
28  22 1 1 0  90 
40 1 8  70 -
27 -* 75 0 
2 1  1 8  1 1 5 .  40 
17 16  1 1 0  -
26 1 6  1 00 40 

Left column before, right column after operation. 
* atrial fibrillation. 
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P1vecl 
(mmHg) 

25 15 
30 12 
30  22  
35 -
30  10  
30  12  
25 -
22 12 

NYHA 
class 

III 
III 
III 
III 
III 
III 
III 
III 

I 
I 

IV 
I 
I 

II 
II 
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tracings were recorded both at rest and after inhalation of amyl nitrite. 
Table 4 . 1  shows pre- and postoperative data both recorded in a basal state. 
The changes in pre- and postoperative values of the left ventricular-aortic 
pressure gradient and the left ventricular end-diastolic pressure, available 
from 6 patients, are shown in fig. 4 . 1 .  

Patient No. 1 (HM: 37315) The clinical improvement o f  the patient as 
shown by the change in functional class appeared to agree with the decrease 
of the outflow tract pressure gradient and the left ventricular end-diastolic 
pressure. The decrease in the externally recorded a-wave ratio of the 
apexcardiogram reflects the decrease in left ventricular end-diastolic pres
sure (table 4 . 1 ) .  An attempt to provoke a tachycardia with amyl nitrite 
inhalation failed because oral therapy with propranolol precluded an 
increase in heart rate. 

Patient No. 2 (HM: 41432) The clinical improvement of this patient has 
been evaluated both by non-invasive and invasive methods. At rest, the 

P lv ( max)  - P ao ( m a x > 3 5  P lved ( mm H g > 

1 20 3 0  

100 2 5  
3 

80 20  

60 1 5  

40 6 1 0  

20 5 

0 0 

p re-op. post op. pre-op. post op. 

A B 
Fig. 4.1 Peak systolic left ventricular - aortic pressure gradients (Plv(max) -Pao (max) ) (A) 
and left ventricular end-diastolic pressures (P1ved) (B) recorded in 6 patients with hyper
trophic obstructive cardiomyopathy before and after operation. The numbers refer to the 
patients (see table 4 . 1 ) .  The dashed line represents the upper limit of the normal end
diastolic pressure ( 12  mm Hg). 
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Fig. 4.2 Patient No. 2 Changes in sys
tolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation 
5 years after operation. For explanation 
of abbreviations and the normal response 
see fig. 2 .9 (p. 1 7) .  
The control values o f  the ETI and PEP/ 
L VET are normal. The control value of 
the PEP is prolonged due to a left bundle 
branch block caused by the operation 
(QRS = 120 ms) . The control value of the 
a-wave ratio is slightly increased. With 
the increase in heart rate, the ETI only 
slightly exceeds the upper limit of normal 
and remains prolonged. A minor decrease 
of both the PEP and PEP/LVET is 
seen. The changes in the a-wave ratio 
follow the changes in heart rate ; both 
return to their control values within 60 
to 90 seconds. This pattern of changes is 
called a non-uniform type of response, 
since the prolonged duration of the 
slightly increased ETI differs from the 
shorter duration of changes in the a-wave 
ratio and heart rate. In this instance, the 
slight and prolonged increase of a normal 
resting ETI indicates a small residual 

outflow tract obstruction with a slightly elevated left ventricular end-diastolic pressure 
as indicated by the increased a-wave ratio. 

decrease in the a-wave ratio of the apexcardiogram mirrors the decrease in 
left ventricular end-diastolic pressure (table 4 . 1  ) .  Despite oral therapy with 
alprenolol, a sufficient increase in heart rate could be obtained with amyl 
nitrite inhalation (fig. 4 .2) .  The results of this provocative intervention, 
done a few days before the repeat cardiac catheterization, did suggest the 
presence of a small residual outflow tract pressure gradient with a slightly 
elevated left ventricular end-diastolic pressure. The data of the repeat 
cardiac catheterization confirmed this suggestion, showing a small outflow 
tract pressure gradient and a nearly normal left ventricular end-diastolic 
pressure at rest (table 4 .2, patient No. 2). No change in the residual out
flow tract pressure gradient was observed during exercise either without or 
with propranolol . The rise in left ventricular end-diastolic pressure which 
occurred during exercise was offset by propranolol. An increase in the left 
ventricular stroke work index with propranolol was observed. 

Patient No. 3 (HM: 58568) The clinical deterioration of this patient 20 
months after operation is clearly mirrorred by the two sets of data obtained 
with non-invasive and invasive methods. The value of the a-wave ratio of 
the apexcardiogram parallels the value of the simultaneously recorded left 
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TABLE 4.2 Changes in cardiac index, stroke index, left ventricular stroke work index, peak systolic left ventricular - brachial artery 

pressure gradient (Pivcmax) -Pab (max) ), left ventricular end-diastolic pressure (P1ved) and heart rate during exercise in 3 patients 

with hypertrophic obstructive cardiomyopathy after operation. In patient No. 2 exercise with propranolol was performed. 

Patient No. 2 Patient No. 6 Patient No. 8 

control during change exercise change control during change control during change 
exercise (O/o) with pro- CO/o) exercise (O/o) exercise (O/o) 

pranolol 

Cardiac index (l/min/m2) 3 . 1 1 4.34 +39  3 .9 1  +1s 2 .83 3 .16 + 1 1  2 .87 4.S9 +s9  

Stroke index (ml/min/m2) 48 4S - 6  46.S - 3  I 3 1 .4 33.6 + 7 3 1 .6 40.2 + 27 

Left ventricular 
stroke work index (gm/m2) 43.7 46.S + 6 S 0.6 + is 27.3 36 + 3 1  36.S S4 + 47 

Prvcmax) - Pab(max) (mm Hg) 10  1 0  0 1 0  0 40 40 0 40 40 0 

Prved (mm Hg) 1 2  20 + 66 1 3  + 8 1 2  1 6  + 33 1 3  2 4  + 84 

Heart rate (beats/min) 64 96 + so 84  +31  80 96 + 20 90 1 14 + 26 



ventricular end-diastolic pressure. Both values are only slightly decreased 
after operation (table 4 . 1 ) .  In this instance it was not felt justified to 
provoke a tachycardia with amyl nitrite inhalation because of the easy 
recurrence of attacks of atrial fibrillation. 

Patient No. 4 (HM: 41551) The considerable clinical improvement of 
this patient could not be evaluated by a repeat catheterization. Therefore, 
non-invasive methods were applied. At rest, a significant decrease in 
a-wave ratio of the apexcardiogram was associated with a disappearance 
of the fourth heart sound out of the high frequency phonocardiogram 
(fig. 4 . 3  ). After inhalation of amyl nitrite, the direction, degree and 
duration of changes in the recorded variables were suggestive for a so-called 
uniform rate-dependent response (fig. 4 .4) (see p. 33 ) .  Immediately after 
amyl nitrite inhalation, the significant rise in the a-wave ratio of the apex
cardiogram is associated with the recurrence of a marked fourth heart 
sound (fig. 4 . 5 ) .  The important influence of the heart rate upon systolic 
and diastolic events in this patient may also be illustrated by the behaviour 

PCG 
35cps 

JS cps 

140cps MIMllll4itl 

pre- op� post op. 

Fig. 4 .3  Patient No. 4 Electrocardiogram (ECG), phonocardiogram (PCG), carotid 
arterial pulse tracing (CPT) and apexcardiogram (ACG) before and after operation. The 
marked decrease of the a-wave ratio (from 40 to 18 °/o) is associated with a disappearance 
of the fourth heart sound (54).  The tidal wave of the CPT and the bifid contour of the 
ACG both have disappeared after operation. The intensity of the systolic murmur has 
decreased. 
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Fig. 4.4 Patient No. 4 Changes in sys
tolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation, 
2 years after operation. The control 
value of the ETI is normal. The control 
values of both the PEP and PEP/LVET 
are prolonged due to a right bundle 
branch block caused by the operation. 
The control value of the a-wave ratio is 
normal (12 O/o) . With the marked increase 
in heart rate, a moderate increase in the 
ETI occurs returning to normal within 
60 seconds. The PEP and PEP/VLET 
both decrease significantly with a return 
to normal values after 90 seconds. The 
a-wave ratio increases substantially and 
returns rapidly to its control value. The 
similarity of the changes in a-wave ratio 
and heart rate is striking. Starting from 
a normal a-wave ratio, reflecting a 
normal left ventricular end-diastolic pres
sure, a strictly heart rate dependent 
response is seen. This response is only 
seen in cases of reduced left ventricular 
compliance. Comparison with fig. 2 .9 
shows that in a normal heart an almost 
similar increase in heart rate does not 
provoke an appreciable increase of the 
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a-wave ratio. The pattern of changes presented here has been termed the uniform type 
of response since the a-wave ratio and the other variables follow the changes in heart 
rate almost exactly. A uniform, rate-dependent response starting with a normal ETI and 
a-wave ratio indicates the absence of an outflow tract obstruction. 

of the systolic murmur, carotid arterial pulse tracing, a-wave ratio and 
diastolic heart sounds before and after a supraventricular premature con
traction (fig. 4 .6) .  All these observations, done with non-invasive methods, 
were considered to confirm the clinical improvement. 

Patient No. 5 (HM: 44914) The clinical improvement of this patient has 
been evaluated by the data of a repeat catheterization. Despite the presence 
of persistent atrial fibrillation, an increase in cardiac index from 2 .30 
l/min/m2 before operation to 3 .27 l/min/m2 after operation was observed. 
No residual outflow tract pressure gradient was found (fig. 4 .7) .  The 
absence of an a-wave in the apexcardiogram due to the atrial fibrillation 
deprived the non-invasive method of one of its most important indices . 
Therefore, no provocative intervention with amyl nitrite was done. 

Patient No. 6 (HM: 59460) The only slight functional improvement of 
this patient has been evaluated by non-invasive and invasive methods . 
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Fig. 4 .5  Patient No. 4 Phonocardiogram (PCG) , carotid arterial pulse tracing (CPT), 
apexcardiogram (ACG) and electrocardiogram (ECG) recorded 30 seconds after inhalation 
of amyl nitrite (see fig. 4 .4) . The thick time lines indicate 0 .5 s intervals. The heart rate 
is 1 30  beats per minute. The electrocardiogram shows a right bundle branch block with 
a P-on-T phenomenon. The diastole is extremely shortened. In the phonocardiogram, a 
distinct fourth heart sound (S4) has reappeared (see fig. 4.3) .  The second heart sound 
shows a paradoxical splitting (S2, p.a.) . The systolic ejection murmur has considerably 
increased, as has the first heart sound (S1 ) .  The apexcardiogram has regained the same 
contour as before operation though now only present at an unusual high heart rate. The 
carotid arterial pulse tracing shows the characteristics seen when stroke volume is low 
(low output contour) . The small stroke volume is due to a low ventricular input as a 
result of the shortened diastole. 

After inhalation of amyl mtnte (fig. 4 . 8 ) ,  a so-called prolonged response 
in the changes of systolic time intervals and a-wave ratio was considered 
to be suggestive for the presence of a significant residual outflow tract 
obstruction. This presumption could be confirmed by the data of the repeat 
cardiac catheterization carried out a few days after the non-invasive pro
vocation (see table 4 .2,  patient No. 6 ) .  
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Fig. 4.6 Patient No. 4 Phonocardiogram (PCG), apexcardiograrn (ACG), carotid arterial pulse tracing (CPT) and electrocardiogram 
(ECG) recorded at rest (before the inhalation of amyl nitrite, see fig. 4.4) . The thick time lines indicate 0.5 s intervals. The heart rate is 80  
beats/min, the RR interval is 750 ms .  The tracings recorded during the first cycle on the left show normal heart sounds, a low amplitude 
systolic murmer, a normal carotid pulse, a nearly normal apex beat with an a-wave ratio of 10 '°/o (again smaller than shown in fig. 4.3, 
right hand panel, recorded 1/2 year earlier). There is no fourth heart sound. Then a supra-ventricular premature contraction follows (SVPC) . 
The shortening of the preceding diastole evokes the recurrence of a marked fourth sound (S4 ; see also fig. 4.3,  left hand panel), which 
appears with the increase of the a-wave ratio, in this case to 27 fl/o. Insufficient diastolic ventricular filling again results in a low output 
contour of the carotid pulse tracing (see fig. 4.5) . After the premature contraction, during the prolonged diastolic period, a third diastolic 
filling sound (S3) occurs and coincides with a rapid filling wave (RF) in the apexcardiogram. The subsequent post-ectopic beat shows a still 
increased a-wave ratio (21 '°/o), however, not associated with a fourth sound. Postextrasystolic potentiation intensifies the obstruction, as is 
shown by the increase of the systolic murmur and the recurrence of a tidal wave of the carotid pulse tracing (see fig. 4 .3 ,  left hand panel) . 
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Fig. 4 .7 Patient No. 5 Withdrawal pressure curves from the left ventricle to the 
ascending aorta (Plv-+ Pa,0) and electrocardiogram (ECG) before (upper panel) and after 
operation (lower panel) . The pressure gradient has disappeared. After operation atrial 
fibrillation has occurred. 

Patient No. 7 ( H lvf: 461 12) E val ua ti on of the slight functional im pro
vemen t in this patient has been restricted to the use of non-invasive 
methods. An amyl nitrite inhalation test was performed (fig. 4 .9) ,  which 
showed a sufficient increase in heart rate despite the use of alprenolol with 
almost no variations of a slightly prolonged ejection time index, ratio of 
pre-injection period and ejection time interval, and a-wave ratio. The pre
ejection period, being slightly prolonged ( 105 ms) due to a right bundle 
branch block caused by the operation, responds to the increase in heart 
rate. This pattern of changes in the recorded variables is rather difficult 
to evaluate but seems to point to a cardiac depressant effect of alprenolol 
on the contractility of both the outflow tract musculature and left atrial 
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Fig. 4 .8 Patient No. 6 Changes in 
systolic time intervals, a-wave ratio and 
heart rate after inhalation of amyl nitrite, 
2 years after operation. The ETI shows 
a normal control value, significantly 
increasing with the increase in heart rate. 
A prolonged duration of too high values 
is obvious. Starting from normal control 
values, the PEP and PEP/LVET decrease 
and stay below normal. The control 
value of the a-wave ratio is too large. 
With the increase in heart rate, the a
wave ratio shows a prolonged duration 
of too high values. This pattern of changes 
is termed a prolonged type of response, 
since both the ETI and the a-wave ratio 
take longer than the heart rate to ;·teturn 
to the control values. This type of 
response is seen in cases with a significant 
outflow tract obstruction which was 
indeed found in this patient (see table 
4.2) . 
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Fig. 4.9 Patient No. 7 Changes in 
systolic time intervals, a-wave ratio and 
heart rate after inhalation of amyl 
nitrite, 2 years after operation. Oral al
prenolol therapy was given. All control 
values are within normal limits. With the 
increase in heart rate, only the PEP 
shows a short lasting decrease with re
turn to previous values. The ETI shows 
minor variations and remains slightly 
prolonged. The a-wave ratio shows no 
changes at all. This pattern of changes 
mostly resembles the prolonged type of 
response (see fig. 4 .8) .  In this instance, 
this type of response has been influenced 
by the effect of alprenolol which proba
bly has depressed atrial activity and to 
a lesser extent the outflow tract muscul
ature. 
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Fig. 4 .10 Patient No. 8 Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation, 
2 years after operation. The resting ETI 
is slightly prolonged. The PEP is normal, 
whereas the control value of the PEP/ 
L VET is shortened in accordance with 

. 
a 

prolonged L VET. The control value of 
the a-wave ratio is too large (15  °/o). 
With the increase in heart rate, the ETI 
slightly increases with a decrease at the 
30 seconds time interval. At the same 
time, both the PEP and PEP/LVET show 
a significant increase with a return to 
the control values after 90 seconds. The 
a-wave ratio shows a tendency to a 
further increase as is also shown by the 
ETI. This prolonged type of response 
again indicates the presence of a residual 
outflow tract obstruction (see table 4 .2). 

wall. An unchanging normal a-wave ratio associated with an unchanging, 
slightly, prolonged ejection time index might be interpreted as suggestive 
for the presence of a residual outflow tract obstruction. 

Patient No. 8 (HM: 68302) In this patient, the improved clinical con
dition was evaluated by non-invasive and invasive methods. After inhala
tion of amyl nitrite (fig. 4 . 1 0) a prolonged type of response of a-wave 
ratio and ejection time index allowed a prediction of the presence of a 
residual outflow tract obstruction. Table 4 .2 (patient No. 8) shows the data 
obtained during the repeat cardiac catheterization before and during exer
cise. Like in the two other patients (patient No. 2, patient No. 6) ,  the 
haemodynamic study showed the absence of an increase in the residual out
flow tract gradient with a rise in left ventricular end-diastolic pressure 
proportional to the increase in heart rate. 
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E VA L UA T I O N O F  M E D I CAL TR E A T M E N T  B Y  

N O N - I N VA S I VE M E TH O D S 

5 . 1  I N T R O D U C T ION 

CHAPTER 5 

Since the reports of Goodwin et al., ( 1964), Cherian et al. ( 1 966) and 
Sloman ( 1967) about preliminary results with beta-adrenergic blocking 
agents as pronethalol and propranolol in hypertrophic obstructive cardio
myopathy, this conservative form of treatment has become a widely accep
ted therapy. 

Newer drugs known as cardioselective beta-adrenergic blocking agents 
as alprenolol (Aptine®, Astra, Sweden) and practolol (Eraldin ®, ICI 
50 172) have been introduced. In contrast to propranolol, these cardioselec
tive beta-receptor blocking agents lack the local anaesthetic activity and 
the peripheral effect on bronchial and arteriolar smooth muscles. These 
cardioselective beta-receptor blocking agents also differ from propranolol 
in having an intrinsic sympathomimetic activity. 

Propranolol, injected intravenously, appears to decrease significantly the 
outflow tract obstruction in hypertrophic obstructive cardiomyopathy 
(Flamm et al. ,  1 968) ,  whereas the chief benefit of oral propranolol therapy 
is said to be relief of angina pectoris and prevention of arrhythmias (Cohen 
and Braunwald, 1 967).  

Both alprenolol and practolol have mode of actions different from pro
pranolol. Alprenolol gives an overall depression of myocardial contractility 
with a heart-rate related reduction in cardiac output with no change in 
stroke volume (Gibson, 1971 ) .  Practolol seems to be of benefit in hyper
trophic obstructive cardiomyopathy by lowering the left ventricular end
diastolic pressure without reducing cardiac work (Webb-Peploe et al, 1971 ) .  

In the present study, mainly propranolol and alprenolol have been used, 
because practolol was only available during the last year of this investiga
tion. In all patients the initial therapy consisted of the administration of 
propranolol in doses ranging from 30 to 240 mg daily. In only one patient 
(No. 14 )  practolol was available for oral therapy. 

5 .2 P A T I E N T S  A N D  T H E R A P Y  

In  9 of 1 3  patients, ranging in age from 10  to  55  years, clinical, electro
cardiographic and phonocardiographic findings characteristic of hyper
trophic obstructive cardiomyopathy have been confirmed by cardiac cathe-
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TABLE 5 . 1  The a-wave ratio of the apexcardiogram (a/H O/o), the left ventricular-aortic pressure 
gradient (Plv(max) -Pao (max) ), the left ventricular end-diastolic pressure (Plved) and the 
functional class in 13 patients with hypertrophic obstructive cardiomyopathy at first 
examination under basal conditions. 

Pat. age sex a-wave P1 v (max) -Pao (max) Pived (mmHg) N.Y.H.A. 
No. ratio (mmHg) Functional class 

(a/H O/o) 

1 1  1 9  f 33 35  20 III 
1 2  10  f 12  - - II 
1 3  34 m 29 10  17  III 
1 4  33  m 1 9  2 5  2 5  II 
1 5  3 4  m 26 50 30 III 
1 6  40 m 26 70 25 II 
1 7  1 8  m 25 - - I 
1 9  3 7  m 20 so 25 III 
20 12  m 26 - - III 
2 1  1 2  m 1 8  - - III 
22 55  f 9 10  14  II 
23 24 m 28 40 25 II 
24 43 m 24 1 2  22 III 

terization. Of the 4 patients in whom a cardiac catheterization was not 
done, two (patients Nos. 20 and 2 1 )  were the twin sons of patient 1 9, who 
has been known for years with hypertrophic obstructive cardiomyopathy. 
Patient No. 1 7  is a brother of patient No. 1 1 , and showed the same electro
cardiographic and phonomechanocardiographic abnormalities as his elder 
sister. 

A review of the most important findings in this group of patients is 
given by the following case histories and table 5 . 1 .  

C A S E  H I S T O R I E S  

Patient No. 1 1  (HM: 69223) A young woman 1 9  years o f  age is known from her child
hood with a systolic murmur. At the age of 12 years, syncopal attacks occurred. In the 
following years, attacks of angina pectoris increasing in frequency and duration did 
restrict her normal activities. At first examination the main complaints consisted of fatigue 
and angina pectoris. A sinusbradycardia ranging from 45 to 50 beats per minute, and a 
low arterial bloodpressure of 100/65 mm Hg were found. On palpation, a double apex 
impulse was felt, without a systolic thrill. No right ventricular impulse was detected. 
On auscultation, a systolic ejection murmur, varying in intensity with the Valsalva 
manoeuvre and prompt squatting, and a fourth heart sound were present. Phonocardio
grams and external pulse tracings were compatible with the diagnosis of hypertrophic 
obstructive cardiomyopathy, except for the absence of a bifid contour of the carotid 
arterial pulse tracing (see fig. 2.4) . Frank and Braunwald ( 1968) also reported the 
absence of a tidal wave in the carotid arterial pulse tracing in 34 O/o of their 1 26 cases 
of hypertrophic obstructive cardiomyopathy. At cardiac catheterization, an outflow tract 
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pressure gradient of 35 mm Hg with a left ventricular end-diastolic pressure of 20 mm 
Hg was found. Since initial therapy with 30 mg of propranolol gave a further slowing 
of the heart rate, this drug was discontinued after a few weeks and replaced by alprenolol, 
200 mg daily. So far, this drug is tolerated very well. 

Patient No. 12 (HM: 81350) A young girl, 10 years of age, gave a short history of 
increasing fatigue and slight dyspnoea on exertion, started about 8 months before. On 
examination, a typical double apex beat was found without a thrill. A systolic ejection 
murmur and a fourth heart sound were audible near the apex. Phonocardiograms and 
external pulse tracings confirmed the diagnosis of a hypertrophic obstructive cardiomyo
pathy. Until now, no cardiac catheterization was carried out. 

Patient No. 13 (HM: 82495) A man of 34 years of age, known from his childhood with 
a systolic murmur, reported attacks of dyspnoea on exertion, associated with palpitations 
at the time of first examination. Physical examination and phonomechanocardiograms 
were typical of a hypertrophic obstructive cardiomyopathy. At cardiac catheterization, 
a small resting outflow tract pressure gradient of 10 mm Hg and a left ventricular end
diastolic pressure of 17 mm Hg were found. 

Patient No. 14 (HM: 84049) A man of 33 years of age for several years suffering from 
anginal and presyncopal attacks on exertion, showed clinical, phonocardiographic and 
haemodynamic evidence of hypertrophic obstructive cardiomyopathy when seen at first 
examination in 1 970. A resting outflow tract gradient of 25 mm Hg and a left ventri
cular end-diastolic pressure of 25 mm Hg were found at cardiac catheterization. The 
unexpected increase in the outflow tract pressure gradient seen after intravenous injection 
of propranolol (see table 5 .2, patient No. 14), led to the administration of practolol, 
200 mg daily as oral therapy. 

Patient No. 15 (HM: 82943) A man of 34 years of age, showed disabling symptoms of 
angina pectoris and dyspnoea on exertion for about 5 years before the first examination 
in 1 970. At cardiac catheterization, a beneficial effect of propranolol upon the outflow 
tract pressure gradient during exercise was found (see table 5 .3) .  Therefore, initial therapy 
consisted of propranolol, 60 mg daily. 

Patient No. 16 (HM: 80039) A man of 40 years of age, complained of increasing fatigue 
and dyspnoea on exertion. Several years before, a systolic murmur was detected elsewhere. 
On examination, symptoms and signs, and a cardiac catheterization confirmed the 
diagnosis of a hypertrophic obstructive cardiomyopathy. Also in this case, propranolol 
appeared to have a pronounced influence upon the resting outflow tract pressure gradient 
of 70 mm Hg (see table 5 .2, patient No. 1 6) .  Oral therapy with propranolol, 40 mg daily, 
was given. 

Patient No. 17 (HM: 54363) This young man is a brother of patient No. 1 1 ,  and 
showed phonomechanocardiographic evidence of hypertrophic obstructive cardiomyo
pathy. Like his sister, he also had a sinusbradycardia. He pretended to be fully asymp
tomatic. No cardiac catheterization was performed and no therapy administered as yet. 

Patient No. 19 (HM: 25376) A man of 37 years of age, in whom in 1 962 a diagnosis 
of mitral insufficiency or ventricular septal defect was suggested, gradually developed 
symptoms of angina pectoris and dyspnoea on exertion. On strenuous exertion palpitations 
and presyncopal attacks also occurred. In 1 969 a cardiac catheterization confirmed the 
precense of a hypertrophic obstructive cardiomyopathy with an outflow tract pressure 
gradient of 50 mm Hg at rest. Table 5 .2 (patient No. 1 9) shows the effect of propranolol 
on the outflow tract gradient. Oral therapy with propranolol, 1 60 mg daily, was given . 
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Patient No. 20 (HM: 90678) Like patient No. 21 ,  this boy of 12 years of age, is a son 
of patient No. 19. This patient showed all clinical and phonomechanocardiographic 
evidence of a severe type of hypertrophic obstructive cardiomyopathy. Before a cardiac 
catheterization could be carried out, this boy suddenly died due to an arrhythmia. He 
received 30 mg of propranolol daily. 

Patient No. 21 :  (HM: 90677) This patient is the other twin son of patient No. 19 .  
Clinical and phonomechanocardiographic findings were less pronounced for hypertrophic 
obstructive cardiomyopathy than in his brother. Untill now he is doing very well on oral 
therapy with propranolol, 40 mg daily. Cardiac catheterization was not done as yet. 

Patient No. 22 (HM: 58904) A woman of 55 years of age, known for several years as 
a familial case of hypertrophic obstructive cardiomyopathy, is a sister of patient No. 3 .  
A n  insignificant outflow tract pressure gradient was found a t  cardiac catheterization. 
Since this patient does very well on propranolol, 80 mg daily, no surgical therapy has 
been advised. 

Patient No. 23 (HM: 75852) A man of 24 years of age, whose father suddenly died at 
the age of 46 of a 'heart attack', showed clinical and phonomechanocardiographic 
evidence of hypertrophic obstructive cardiomyopathy, confirmed at a cardiac catheteri
zation. A slight decrease of the outflow tract pressure gradient of 40 mm Hg by intra
venous injection of propranolol (see table 5 .2, patient No. 23) led to the administration 
of propranolol, 120 mg daily. After a few months he died due to an arrhythmia. 

Patient No. 24 (HM: 88354) A man of 43 years of age, rather suddenly experienced 
anginal attacks and dyspnoea a year before admission to the hospital in 1970. Two 
years before, he once had a syncopal attack. At first examination, the diagnosis of 
hypertrophic obstructive cardiomyopathy could be assessed by clinical, haemodynamic 
and angiocardiographic methods. A small outflow tract pressure gradient of 12 mm Hg 
and an elevated left ventricular end-diastolic pressure of 22 mm Hg pointed to a pre
dominance of a hypertrophic cardiomyopathy. Despite the remarkable effect of pro
prarrolol during cardiac catheterization (see fig. 5 . 1 ) ,  oral therapy with propranolol, 200 
mg daily, was given. 

5 .3 THE E F F E C T  O F  P R O P RA N O L O L  O N  C A R D I A C  F U N C T I O N  
D U R I N G  D I A G N O S T I C  C A R D I A C  C A T H E TE R I Z A  T I O N  

I n  order to assess the potential benefit o f  propranolol therapy, in 6 patients 
the acute effects of 5 mg of propranolol, injected intravenously, was 
investigated at the time of the diagnostic cardiac catheterization. In one 
patient (No. 1 5 )  the propranolol effect was studied also during exerc.ise;. 
The cardiac output, the left ventricular pressure and the aortic or · left 
brachial artery pressure were recorded before and after administration of 
propranolol. From these data, cardiac index, stroke index, and left ventri
cular stroke work index were calculated. As can be seen in table 5 .2, the 
results obtained after propranolol were quite different. 

Patient No. 14 showed a small decrease in cardiac index accompanied 
by a significant decrease in left ventricular stroke work index, probably as 
a result of an unexpected and marked increase in outflow tract pressure 
gradient, despite propranolol. The left ventricular end-diastolic pressure 
did not change. This observation led to the administration of practolol, 
200 mg daily, as oral therapy. 
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TABLE 5 .2 Changes in cardiac index, stroke index, left ventricular stroke work index, peak systolic left ventricular-aortic pressure gradient (Plv(max) -Pao(max)), 
left ventricular end-diastolic pressure (P1ved) and heart rate after intra venous administration of 5 mg of propranolol in five patients with hypertrophic 

obstructive cardiomyopathy. 

Pat. No. 14  Pat. No. 1 6  Pat. No. 19  Pat. No. 23  Pat. No. 24 

con- with pro- change 0/o con- with pro- change O/o con- with pro- change O/o con- with pro- change O/o con- with pro- change O/o 
trol pranolol trol pranolol trol pranolol trol pranolol trol pranolol 

I 
Cardiac index (l/min/m2) 3 . 1 1  2.84 - 8 3 .48 2.97 -14 2.95 4.95 +67 3 .42 3 . 87  + 1 0  2.66 2.66 0 

Stroke index (ml/min/m2) 52 44 - 1 5  45 41 - 9  44 82.5 + so 3 8  5 1  + 34 44 36 -18  

Left ventricular 
stroke work index (gm/m2) 57 30 - 47 37 45 +21  39 99 + 1 5  3 5  4 1  + 17 32 29 - 8 

Pivcmax) - Pao (max) (mmHg) 25 70 + 1 80 70 30 -57 50 10 -80 40 30 -25 12 12 0 

P1ved (mmHg) 25 25 0 25 20 -20 25 1 5  -40 25 20 -20 22 1 3  -40 

Heart rate (beats/min) 60 64 + 6.6 78 72 - 8 66 60 - 9  90 75 -16 60  73 +21  



Patient No. 16 showed a decrease in cardiac index, but an increase in 
left ventricular stroke work index with a marked reduction of the outflow 
tract pressure gradient. Only a slight decrease in left ventricular end
diastolic pressure was observed. As medical therapy, propranolol 40 mg 
daily was administered. 

Patient No. 19 showed the expected effects of propranolol. Marked 
increases in cardiac index, stroke index and left ventricular stroke work 
index were associated with a substantial decrease in outflow tract pressure 
gradient. A lowering of the left ventricular end-diastolic pressure occurred. 
Oral therapy with propranolol, 1 60 mg daily, was given. 

Patient No. 23 showed the same beneficial effects of propranolol, 
although less marked. Propranolol, 120 mg daily, was given. However, a 
few months later this patient suddenly died as a result of an arrhythmia. 

Patient No. 24 showed no change at all in both the cardiac index and 
the small resting outflow tract pressure gradient after injection of pro
pranolol. Together with a decrease of stroke index and left ventricular 
stroke work index, a marked fall in left ventricular end-diastolic pressure 
was observed with a significant increase in heart rate. The explanation for 
this remarkable finding appeared to be a complete loss of atrial mechanical 
activity (fig. 5 . 1 ) .  An electromechanical dissociation of atrial activity 
occurred after propranolol, which disappeared spontaneously after 20 
minutes. Despite this remarkable response, oral therapy with 200 mg of 
propranolol daily was given as this drug appeared to give the best relief of 
the angina! attacks. 

The effects of propranolol during exercise were investigated in patient 
No. 1 5 . 

Patient No. 15 :  After recovery from a first period of exercise, pro
pranolol was given and the exercise test repeated (table 5 . 3 ) .  The obvious 
reason for the significant increase in cardiac index during exercise with 
propranolol should be given by the absence of an increase of the outflow 
tract pressure gradient. The increase of the left ventricular end-diastolic 
pressure during exercise without propranolol was nearly of the same order 
as during exercise with propranolol. This case illustrates the marked 
influence of propranolol on the outflow tract pressure gradient and the 
lack of effect upon the left ventricular end-diastolic pressure (fig. 5 .2) .  
Based upon these observations, oral therapy was started with propranolol, 
60 daily. 

5 .4 R E S U LT S  O F  E VA L U A T I ON O F  M E D I C A L  T R E A T M E N T  B Y  
N O N-I N VA S I VE M E TH O D S  

In each o f  this group o f  1 3  patients, non-invasive methods were applied 
before treatment. In 9 patients the results of a pretreatment test with 
inhalation of amyl nitrite could be compared with the results obtained from 
the diagnostic cardiac catheterization. In all patients, non-invasive methods 
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Fig. 5 . 1  Patient No. 24. Illustration of the effect of propranolol on the left atrial 
function. Respiration (RESP.), electrocardiogram (ECG), intracardiac electrocardiogram 
(IECG), brachial artery pressure (Pab) ,  phonocardiogram (PCG) and left ventricular 
pressure (P1y) were recorded before (A) and 10 minutes after the intravenous injection 
of 5 mg of propranolol (B) . In B the intracardiac electrocardiogram and brachial artery 
pressure were recorded at a lower sensitivity. Without propranolol the high gain left 
ventricular pressure curve shows an a-wave (a) of 27 mm Hg coinciding with a distinct 
fourth heart sound (S4) . After the injection of propranolol the a-wave and the fourth 
sound both have disappeared, the intensity of the systolic ejection murmur has diminished 
and the left ventricular end-diastolic pressure (Ped) has fallen from 22 to 13 mm Hg, 
the same level as the pre-a-wave pressure without propranolol. The absence of the a-wave 
and the fourth sound with the Pwaves in the electrocardiogram still present demonstrates 
an electromechanical dissociation of left atrial activity due to propranolol. The brachial 
artery pressure shows a slight increase, from 105/60 to 1 15/70 mm Hg, probably due to 
the peripheral vasoconstrictory effect of propranolol. (For further data of this patient 
see table 5 .2) .  

TABLE 5.3 Changes in cardiac index, stroke index, left ventricular stroke work index, peak systolic 
left ventricular-brachial artery pressure gradient (Plv(max) - Pab (max) ), left ventricular 
end-diastolic pressure (P1ved) and heart rate during exercise without and with 5 mg of 
propranolol intravenously. 

Cardiac index (l/min/m2) 

Stroke index (ml/min/m2) 

Left ventricular 
stroke work index (gm/m2) 

Plv(max) - Pab (max) (mmHg) 

I P1ved (mmHg) 

Heart rate (beats/min) 

control 

3.99 

50 

47 

50 

30 

80 

during 
exercise 

6.47 

49 

24 

1 00 

45 

1 32 

Pat. No. 1 5  

change 0/o 

+ 62 

- 2 

- 49 

+ 1 00 

+ 50  

+ 65  

control during change 0/o 
exercise 

with 
propranolol 

4.20 8 . 10  + 92 

60 75 + 25 

53 41 -30 

40 40 0 

30 48 + 60 

70 108 + 59 
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Fig. 5 .2  Patient No. 15 .  Changes in 
left ventricular-brachia! artery pressure 
gradient (Plv(max) - Pab (max) ) , left ventri
cular stroke work index (Wivsi) , left ven
tricular end-diastolic pressure (P1ved) and 
heart rate (f) during supine leg exercise 
without (solid lines) and with 5 mg of 
propranolol (dashed lines). In both cases 
the load was 75 watt during 15 minutes. 
The effect of propranolol on the pressure 
gradient is marked. There is a lesser 
decrease in left ventricular stroke work 
index. In this patient propranolol did not 
effect the end-diastolic left ventricular 
pressure and depressed slightly the heart 
rate. 

were applied to evaluate the long-term effects of medical treatment. A total 
of 28 provocations with amyl nitrite was performed in this group. Some 
examples of the non-invasive evaluations before and during treatment will 
be  given. 

5.4.1 COMPARISON OF NON-INVASIVE AND INVASIVE METHODS BEFORE 
TREATMENT 

Fig. 5 . 3  shows the results of amyl nitrite inhalation in patient No. 1 3 , who 
chiefly complained of dyspnoea and palpitations. The results of this pro
vocative test were interpreted as suggestive for a raised left ventricular 
end-diastolic pressure with a reduced left ventricular compliance, without 
a significant outflow tract obstruction. This suggestion was confirmed by 
data of the cardiac catheterization (fig. 5 .4) and of angiocardiography 
(fig. 5 .5 ) .  Evaluation of the pretreatment condition in patient No. 1 5  by 
the amyl nitrite inhalation test (fig. 5 .6) appeared to agree with the results 
obtained from the cardiac catheterization (see table 5 . 3 ) .  The pattern of 
changes in systolic time intervals and a-wave ratio was typical of a pro
longed response of the recorded variables pointing to a significant outflow 
tract obstruction. 
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Fig. 5 .3 Patient No . 13. Changes in 
systolic time intervals, a-wave ratio and 
heart rate after inhalation of amyl nitrite. 
For explanation of abbreviations and the 
normal response see fig. 2.9 (p . 1 7) .  The 
control value of the ETI is normal and 
remains within normal limits. The PEP 
and PEP/LVET also remain within the 
normal range after a slight initial de
crease. The a-wave ratio is significantly 
increased and shows a further increase 
after the amyl nitrite inhalation. This 
non-uniform type of response, charac
terized by a high a-wave ratio which 
follows the changes in heart rate com
bined with an almost unchanging normal 
ETI, indicates a markedly reduced left 
ventricular compliance with an only 
slight obstruction of the outflow tract. 
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The same pattern of changes in the recorded variables after inhalation of 
amyl nitrite was seen in patient No. 19 (fig. 5 .7) .  The ejection time index 
and a-wave ratio took longer than the heart rate to return to control 
values. This suggested a marked outflow tract obstruction (see table 5 .2, 
patient No. 1 9) .  

5 .4.2 EVALUATION OF LONG-TERM MEDICAL TREATMENT BY NON-INVASIVE 
METHODS 

After 8 months of oral therapy with practolol, 200 mg daily, a provo
cative test with inhalation of amyl nitrite was performed in patient No. 14  
(fig. 5 . 8 ) .  The pattern of  changes in  the recorded variables was characteristic 
of a non-uniform type of response. A rate-dependent response of the 
increased a-wave ratio is associated with an unchanging, significantly pro
longed ejection time index. In this instance, practolol appeared to have no 
influence either upon the outflow tract obstruction or upon the elevated left 
ventricular end-diastolic pressure as reflected by the a-wave ratio (see 
table 5 .2, patient No. 14 ) .  

The beneficial effect of propranolol, observed during cardiac catheteri
zation in patient No. 1 5  (table 5 . 3) ,  was also demonstrated by the results 
obtained from the amyl nitrite inhalation test, performed 8 months after 
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Fig. 5 .4 Patient No. 13. Respiration (inspiration upwards), intracardiac electrocardio
gram (IECG), brachial artery pressure (Pab) , left ventricular pressure (P1v) and phono
cardiogram taken in the fourth left intercostal space (PCG, 4L) . There is an only small 
transstenotic pressure gradient of 10 mm Hg. The double-peaked a-wave of the left 
ventricular pressure curve coincides with a marked fourth heart sound (S4) . 
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Fig. 5 .5 Patient No. 13. Cine angiocardiogram of a biventricular injection of contrast, 
mid-systolic phase. Left anterior oblique projection. The hypertrophied interventricular 
septum encroaches upon the cavities of both the right and left ventricle. A slit-like apical 
portion is 'cut off' from the body of the left ventricle. 

onset of oral therapy with propranolol (fig. 5 .9) .  A typical uniform type 
of. r�sponse may be seen. The difference, between the pattern of response 
td amyl nitrite before treatment (see fig. 5 .6) and on propranolol therapy 
is obvious. Unfortunately, intolerable side-effects of propranolol, as 
fatigue, nausea, erythema and the occurrence of a first degree atria-ventri
cular block in the electrocardiogram, led to discontinuance of this drug. 
Alprenolol was administered, 200 mg daily. After 10 months, an amyl 
nitrite inhalation test was repeated (fig. 5 . 1 0) ,  which also showed a 
uniform type of response of the recorded variables but this was less pro
nounced than while on propranolol therapy. Alprenolol seemed to have an 
overall cardiac depressant effect, also diminishing the atrial activity, as is 
shown by the decrease in a-wave ratio. 

In patient No. 19, an amyl nitrite inhalation test was performed after 
one year on propranolol therapy. The acute beneficial effect of propranolol, 
observed during the cardiac catheterization (table 5 .2, patient No. 1 9) ,  
appeared to agree with the results obtained from the non-invasive provo
cative test (fig. 5 . 1 1 ) .  The prolonged type of response of the recorded 
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Fig. 5 .7 Patient No. 19. Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation 
before treatment. The control value of 
the ETI is normal. With increase in heart 
rate, a substantial increase in the ETI is 
seen. With the heart rate returned to its 
control level, the ETI remains increased. 
The control values of the PEP and PEP/ 
L VET are prolonged despite a normal 
QRS interval. Increase in heart rate 
results in a significant decrease of both 
the PEP and the PEP/L VET, with a 
rapid return to normal values. The con
trol value of the a-wave ratio is above 
normal. With increase in heart rate, a 
rate dependent increase in a-wave ratio 
follows. However, the a-wave ratio takes 
more time to return to its control value 
than the heart rate. As in fig. 5 .6, this 
prolonged type of response indicates a 
significant outflow tract obstruction. 
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Fig. 5 . 6  Patient No. 15. Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation 
before treatment. The control values of 
the ETI, PEP and PEP/L VET are nor
mal. With increase in heart rate, the ETI 
increases and remains prolonged. The 
PEP and PEP/LVET decrease signifi
cantly with the increase in heart rate. 
Both variables remain too long at low 
values reflecting a prolonged ejection 
time and probably a decrease in ejection 
fraction. The control value of the a-wave 
ratio is elevated and increases substanti
ally with increase in heart rate. It should 
be noted that even after 3 minutes the 
a-wave ratio has not returned to its con
trol value. The prolonged duration of 
changes in ETI and a-wave ratio as com
pared with the change in heart rate was 
termed the prolonged type of response. 
This pattern was consistently seen in 
cases with a significant outflow tract 
obstruction. 
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Fig. 5 .8 Patient No. 14.  Changes in the 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation, 
8 months after the onset of practolol 
therapy. The control value of the ,ETI is 
extremely prolonged and the increase in 
heart rate is without any effect. The 
PEP and PEP /L VET both are consider
ably shortened, and show almost no 
variations with heart rate. The controi 
value of the a-wave ratio is prolonged. 
With increase in heart rate, the a-wave 
ratio increases and returns with heart 
rate to its control value. This discrepancy 
between the response of the ETI and 
the a-wave ratio with change in heart 
rate is a non-uniform type of response. 
This pattern of changes with a prolonged 
ETI is seen in cases with a significant 
outflow tract obstruction. With a normal 
ETI, this response is seen in cases with 
an insignificant outflow tract obstruction 
(see fig. 5 .3) .  In this patient practolol 
seems to have no influence on the out
flow tract obstruction. 
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variables seen before treatment (see fig. 5 .7) had been replaced by a nearly 
uniform type of response. However, after a year of successful propranolol 
therapy, this patient suddenly became severely symptomatic. Propranolol 
had to be discontinued and replaced by alprenolol, 300 mg daily. After 
7 months, an amyl nitrite inhalation test was repeated (fig. 5 . 12) ,  which 
showed a prolonged type of response of the recorded variables despite a 
good clinical condition. This pattern of response after amyl nitrite inhala
tion of the systolic time intervals and a-wave ratio, while on beta
adrenergic blocking therapy, has led us to consider surgical intervention in 
this patient. 

The difference between the effect of propranolol in the acute experiment 
and in long-term oral treatment may be illustrated by the results of the 
amyl nitrite inhalation test of patient No. 24 (fig. 5 . 1 3  ). As can be seen, 
propranolol orally given in a dose of 200 mg daily did not result in a loss 
of atrial activity as did 5 mg of propranolol injected intravenously (see 
fig. 5 . 1 ) .  The non-uniform type of response of the recorded variables with 
only minor changes in the slightly prolonged ejection time index may point 
to the presence of a small outflow tract obstruction associated with a 
marked reduction in left ventricular compliance. These findings agreed 
with the data obtained from the cardiac catheterization (table 5 .2, patient 
No. 24) .  
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Fig. 5 . 10 Patient No. 15. Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation 
while on alprenolol therapy. Starting 
from normal, the ETI increases but 
returns to normal values after 90 se
conds . The variations in the PEP are 
almost similar to those seen when on pro
pranolol therapy (fig. 5 .9) .  The PEP/ 
L VET remains almost within normal 
limits. The resting a-wave ratio is mark
edly decreased as compared with the a
wave ratio while on propranolol (see fig. 
5 .9). It should also be noted that the 
increase in a-wave ratio is delayed with 
respect to the increase in heart rate, 
indicating a depression of atrial activity. 
This pattern of changes resembles the 
uniform type of response, indicating a 
chiefly rate-dependent increase of out
flow tract obstruction and of rise in left 
ventricular end-diastolic pressure. 
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Fig. 5 . 9  Patient No. 1 5  Changes in 
systolic time intervals, a-wave ratio and 
heart rate after the inhalation of amyl 
nitrite, 8 months after the onset of pro
pranolol therapy, 60 mg daily. The 
control values of the systolic time inter
vals are normal. The control value of 
the a-wave ratio is still too high. The 
ETI and the a-wave ratio show similar 
changes in direction and duration after 
amyl nitrite inhalation. Both variables 
have returned to their control level 
within 60 seconds, as does the heart rate. 
The PEP and PEP/LVET show minor 
variations remaining within normal 
limits. This uniform type of response, 
featured by a simultaneous return ot 
ETI, a-wave ratio and heart rate to the 
control values, suggests a favourable 
effect of propranolol on the outflow 
tract gradient. It should be noted that 
propranolol has little if any effect on 
the resting value of the a-wave ratio (compare with fig. 5 .6) . 
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Fig. 5 . 1 1  Patient No. 19 Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation, 
a year after onset of propranolol thera
py. The control value of the ETI is nor
mal, like before treatment (see fig. 5 .7) .  
The control values of the PEP and PEP/ 
L VET have shortened on propranolol 
and are normal. The control value of the 
a-wave ratio is heightened and the same 
as before treatment. With increase in 
heart rate the ETI increases but now 
returns to normal within 60 to 90 se
conds. The PEP and PEP/LVET both 
show a decline and return to normal 
after 90 seconds. The increase of the a
wave ratio shows a slightly delayed 
return to the control value. This nearly 
uniform type of response agrees with the 
observed effect of propranolol on the 
outflow tract gradient (see table 5 .2) 
with a lesser influence upon the left 
ventricular end-diastolic pressure as in
dicated by the increased a-wave ratio. 
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Fig. 5 .12 Patient No. 19 Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation 8 
months after starting the alprenolol the-
rapy. Compared with fig's 5 .7 and 5 . 1 1 ,  
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may be partly reflected by a significan� 
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shortening of the control values of tht: 
PEP and PEP/LVET. Both these values 
display a slight decrease and return to 
the control values after 90 seconds. The 
control value of the a-wave ratio i� 
larger than before treatment or when on 
propranolol therapy. A slightly prolonged 
return is still present. This pattern of 
changes on alprenolol was interpreted as 
a prolonged type of response, with both 
an increased ETI and a raised a-wave 
ratio. Alprenolol seems to have a signi
ficant influence neither upon the outflow 
tract gradient nor upon the elevated 
end-diastolic pressure. Also, alprenolol 

appears to have a lesser effect 
heart rate. 

on the sino-atrial node, as indicated by the changes in 
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Fig. 5 .13 Patient No. 24. Changes in 
systolic time intervals, a-wave ratio and 
heart rate after amyl nitrite inhalation, 
10 months after onset of propranolol 
therapy. The control value of the ETI is 
at the upper limit of normal. The con
trol value of the a-wave ratio is consider
ably increased. With a short-lasting 
increase in heart rate, the ETI increases 
but remains at values just exceeding the 
normal range. The PEP and PEP/LVET 
both show a marked decrease and retuL1 
to normal values within 90 seconds. The 
a-wave ratio follows at an elevated levd 
the changes in heart rate, except for an 
initial slight decrease. This pattern of 
changes resembles the uniform type of 
response, though at too high values for 
the ETI and a-wave ratio. In this in
stance, the observed changes of the 
variables may be ascribed to the effect 
propranolol, which on the one hand has 
no significant influence upon the small 
outflow tract obstruction and on the 
other hand does not result in a lowering 
of the end-diastolic pressure as reflected 
by the increased a-wave ratio (see also 
fig. 5 . 1  and table 5 .2) . 
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CHAPTER 6 

D I S CUS S I O N  A ND C O N C L U S I O N S  

6.1  I N TR O D U C T I O N  

Treatment o f  hypertrophic obstructive cardiomyopathy i s  palliative as 
long as the etiology remains obscure. Both surgical and medical treatment 
are directed to relief of the outflow tract obstruction and improvement of 
cardiac function. Evaluation of the results of treatment is attempted by 
analysis of the symptomatic course and haemodynamic studies . Evaluation 
of treatment by clinical analysis may be very difficult since fluctuation in 
signs and symptoms from one examination to the other is frequently noted 
(Wigle, 1964 ). Therefore, besides evidence of possible clinical improvement, 
other means of objective evaluation of treatment are necessary. Obviously, 
a cardiac catheterization may give the most reliable data. However, this 
objective evaluation implies multiple cardiac catheterization studies and 
this may be undesirable and at times even impossible. Because both the 
outflow tract pressure gradient and the ventricular function are subject to 
the instantaneous level of sympathomimetic support and myocardial con
tractility, the measurements, including cardiac output, should be done 
both at rest and after some type of provocation. The question arises which 
form of provocation should be preferred. In our experience, any inter
vention that enhances myocardial contractility, e.g. isoproterenol or a 
tachycardia, promotes the closing tendency of the outflow tract area and 
apical region by augmenting the velocity of contraction, rapidity of ejec
tion and severity of obstruction (see chapter 3 ) .  These interventions, there
fore, may lead to erroneous interpretations. In our study, exercise was 
considered the most appropriate provocative intervention. 

Objective evaluation of treatment by atraumatic, non-invasive methods 
constituted one of the main purposes of this study. Also in these non
invasive procedures recordings were made in a resting condition and after 
provocation. Until now, it appeared impracticable to apply non-invasive 
techniques during exercise. Therefore, despite the above-mentioned dis
advantages inherent to a tachycardia as a provocation, the inhalation of 
amyl nitrite was used as a provocative intervention in the non-invasive 
procedures. 

A total of 26 cardiac catheterizations and of 57 non-invasive procedures 
provided the data upon which the objective evaluation of treatment of 24 
patients with hypertrophic obstructive cardiomyopathy was based. 
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6 .2 E VA L U A T I O N  O F  T H E  R E S U L T S  O F  T R E A T M E N T  B Y  I N VA S I V E 

M E TH O D S  

The evaluation of treatment b y  invasive methods had t o  b e  restricted to 
6 surgically treated patients (see table 4 . 1  ) .  The cardiac catheterizations 
were performed to measure the changes in outflow tract pressure gradient, 
the left ventricular end-diastolic pressure and the cardiac output at rest 
and during exercise. In the resting condition, in 5 of the 6 patients die 
outflow tract pressure gradient was significantly diminished after opera
tion. In one patient (No. 3 ), in whom a large resection of the interventri
cular septum resulted in a septal aneurysm, a residual intraventricular 
pressure gradient was demonstrated. In 3 patients (Nos. 1 ,  2 and 5) almost 
no residual outflow tract pressure gradient was found. Two patients (Nos . 
6 and 8) ,  operated upon by a septectomy, showed a residual outflow tract 
gradient of 40 mm Hg at rest. Clinically, the two patients who were 
operated upon by a myotomy (Nos. 1 and 2) and the two patients (Nos. 
4 and 5) in whom the smallest resection by a septectomy was performed, 
showed the greatest improvement. These results support the impression that 
in surgery the method which gives the least damage to the already damaged 
heart muscle is to be preferred. This general trend in surgery was also 
obvious in a recent discussion about the results of surgical treatment of 
hypertrophic obstructive cardiomyopathy (Cleland, 1 97 1  ) .  

Five of  the 6 patients showed a considerable decrease in  the resting left 
ventricular end-diastolic pressure after operation, associated with a reduc
tion in the a-wave ratio of the apexcardiogram. This joint decrease in 
end-diastolic pressure and a-wave ratio showed a close correlation with 
the functional improvement. Swan and associates ( 1971 )  also reported a 
relation of the left ventricular end-diastolic pressure to the symptom 
class of 5 8  patients with hypertrophic obstructive cardiomyopathy. The 
mechanisms responsible for the fall in left ventricular end-diastolic pres
sure after operation are not at all clear. Evidently, the decrease in left 
ventricular end-diastolic pressure is secondary to the diminution or aboli
tion of the outflow tract obstruction. A possible mechanism might be the 
absence of the beat-to-beat stimulus given to the left ventricle by the 
isometric stress during con traction (see p. 3 1 ) . Since the left ventricular 
end-diastolic pressure in hypertrophic obstructive cardiomyopathy is deter
mined by the compliance of the left ventricle and the vigour of the left 
atrial contraction, atrial fibrillation must at least partly be responsible for 
the fall in end-diastolic pressure in patient No. 5 .  Fig. 5 . 1  shows that loss 
of atrial activity by itself results in a decrease of left ventricular end
diastolic pressure. 

In 3 of the 6 patients (Nos. 1, 2 and 5), the cardiac index showed no or 
some increase after operation from 3 .34 to 3 . 36  1/min/m2, 2 .66 to 3 . 1 1 
l/min/m2 and from 2.30 to 3 .27 l/min/m2 respectively. The patient with 
the postoperatively developed septal aneurysm (No. 3) showed a decrease 
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in cardiac index from 3 . 1 6  to 2 .50 l/min/m2• In the two other patients 
(Nos. 6 and 8) the cardiac index also showed a decrease from 3 . 80 to 2 . 83  
l/min/m2 and from 4 . 54 to  2 . 87  l/min/m2 respectively. These results also 
suggest a correlation between clinical improvement and cardiac index and 
again emphasize the fact that if surgery is to be considered the most limited 
resection or ventricular myotomy is preferable. 

Haemodynamic studies during exercise performed in 3 patients after 
operation, provided valuable data (see table 4.2) .  In all 3 patients the 
outflow tract pressure gradient did not increase during exercise indicating 
a difference in provocation between exercise and augmented contractility, 
as outlined in chapter 3. The increase in left ventricular stroke work index 
during exercise was accompanied by a small to marked rise in left ventri
cular end-diastolic pressure. To demonstrate an improvement of cardiac 
function, the increase in left ventricular stroke work index must be asso
ciated with an unaltered or decreasing left ventricular end-diastolic pres
sure. The rise in left ventricular end-diastolic pressure in the 3 patients is 
considered to be a rate-dependent phenomenon inherent to a reduced 
compliance of the left ventricle (see chapter 3 ). In this respect the effect 
of propranolol during exercise as seen in one patient (No. 2) is noteworthy. 
Propranolol reduced the slightly raised end-diastolic left ventricular pres
sure to normal. This effect was in sharp contrast with the effect of 
propranolol during exercise in an untreated patient (No. 1 5 ,  see fig. 5 . 2 ;  
table 5 .3) ,  in whom propranolol failed to  show any effect upon the rise 
in left ventricular end-diastolic pressure. On the other hand, propranolol 
during exercise showed no effect at all on the small outflow tract pressure 
gradient in the operated subject (No. 2) but significantly lowered the out
flow tract pressure gradient in the untreated patient. These contrasting 
effects of propanolol observed in a surgically treated patient and an 
untreated patient during exercise may be explained by a different response 
to propranolol of different areas of the left ventricle. Obviously, propra
nolol only can be effective when beta-receptors, i .e. myocardial fibres, are 
present. In the surgically treated patient, the myotomy clearly has resulted 
in the development of connective tissue in the outflow tract. As a result, 
no effect of propranolol on the outflow tract pressure gradient was seen. 
Instead the effect of propranolol became manifest in the other portions of 
the left ventricle, resulting in a lowering of the end-diastolic pressure. The 
increase in heart rate after propranolol was reduced to only a minor degree. 
Therefore, in this patient the fall in left ventricular end-diastolic pressure 
may be ascribed to a direct myocardial effect of propranolol by reducing 
velocity of contraction and wall tension (Cohen and Braunwald, 1967), 
inducing zones of ventricular asynergy (Helfant et al., 1 971 ) ,  or both. 
The presence of atrial contraction waves in the left ventricular pressure 
curves during this exercise test ruled out the possibility that the decrease 
in left ventricular end-diastolic pressure was due to a depression of left 
atrial activity. The significant increase in left ventricular stroke work 
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index associated with a normal end-diastolic pressure clearly indicated a 
successful surgical intervention supported by the beneficial effect of beta
adrenergic blocking therapy. In the untreated patient (No.  1 5) the diffe
rence in response to propranolol between the outflow tract pressure 
gradient and the left ventricular end-diastolic pressure may be ascribed to 
a predominant hypertrophy of the outflow tract region. As was observed 
in this study, the more severe the outflow tract obstruction, the more 
profound the effect of propranolol (see table 5 .2) .  Why propranolol in this 
patient failed to show any effect upon the left ventricular end-diastolic 
pressure, whereas in other untreated patients the reduction in outflow tract 
pressure gradient was associated with a decrease in left ventricular end
diastolic pressure (see table 5 .2), needs further investigation. 

6.3 E VA L U A T I O N  O F  T H E  R E S U L T S  O F  T R E A T M E N T  B Y  

N O N - I N VA S I VE M E TH O D S  A T  R E S T  

A systolic murmur was always present after the onset o f  treatment, though 
often of lesser intensity than before treatment. The disappearance of a tidal 
wave of the carotid arterial pulse tracing must be evaluated in conjunction 
with other phenomena of improvement, since in one-third of the cases of 
hypertrophic obstructive cardiomyopathy the tidal wave was absent (Frank 
and Braunwald, 1 96 8) .  In our study the most valuable phenomena ap
peared to be a fourth heart sound, particularly in the high frequency 
phonocardiogram, and the a-wave of the apexcardiogram. Both the fourth 
heart sound and the a-wave result from the same haemodynamic cause i.e. 
the combination of a vigorous atrial contraction and a thickened left 
ventricular wall (Goldblatt et al., 1 962 ; Shah et al., 1 968) .  However, both 
phenomena may have different meanings in that the fourth heart sound 
represents a vibration phenomenon and the a-wave a displacement pheno
menon. The fourth heart sound as a vibration phenomenon is determined 
by only one mechanism, i .e. the sudden acceleration and deceleration of 
the blood mass ejected by the atrial contraction. Recent experiments of 
Piemme and co-workers ( 1966) and Adolph and associates ( 1 970) con
firmed the usefulness of this cardiohemic concept of Rushmer ( 1961 )  as to 
the origin of heart sounds. The a-wave of the apexcardiogram as a displace
ment phenomenon is dependent on various factors as proper placement of 
the detecting capsule at the point of maximal apical impulse, thickness of 
chest wall, changes in shape and volume of the left ventricle, changes in 
myocardial wall thickness and intraventricular pressure. In our experience, 
the combination of these two phenomena appeared to be of utmost impor
tance in the evaluation of treatment of this disorder. As described in 
chapter 3 ,  a disappearance of a fourth heart sound combined with a 
decrease in a-wave ratio indicated a fall in left ventricular end-diastolic 
pressure. This interpretation was firmly supported by the finding of a 
significant correlation between a-wave ratio and left ventricular end-
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diastolic pressure in patients with · hypertrophic obstructive cardiomyo
pathy (see figs. 2 .6 and 2.7) . Therefore, the finding of a disappearance of 
both the tidal wave of the carotid arterial pulse tracing and the fourth 
heart sound out of the high frequency phonocardiogram combined with a 
significant reduction in a-wave ratio is objective evidence of improvement 
in this condition (see fig. 4 . 3  ) .  

6.4 E VA L UA T I O N  O F  T H E  R E S U L T S  O F  T R E A T M E N T  B Y  N O N

I N VA S I V E  M E TH O D S  A F TE R  I N H A L A T I ON O F  A M Y L  N I TR I TE 

The evaluation of treatment using the amyl nitrite inhalation test is based 
on 3 factors (see chapter 2) : 1 .  a sufficient increase in heart rate, 2 .  the 
correlation between ejection time index and outflow tract pressure gradient, 
and 3. the close correlation between a-wave ratio and left ventricular 
end-diastolic pressure. Inhalation of amyl nitrite provokes an increase in 
heart rate. Since a tachycardia augments myocardial contractility, it might 
be considered an inappropriate manner of provocation, as previously stated 
(see p. 7 1 ) .  However, experience with the amyl nitrite inhalation test has 
learned that the duration of the induced changes after the maximal response 
is of greater significance than the maximal response itself. In other words, 
the observations during the decrease in heart rate with decreasing myo
cardial contractility appeared to be of even greater value than the obser
vations during the increase in heart rate. Experience with the amyl nitrite 
inhalation test also has supported the view that for a proper evalUation of 
the condition, systolic time intervals and a-wave ratio must be recorded 
simultaneously. It must be stated here that the pre-ejection petiod and the 
ratio of pre-ejection period and left ventricular ejection time were plotted 
principally as a control of the changes in the ejection time index, not as 
non-invasive correlates of haemodynamic quantities (see chapter 2) .  

6 . 4 . 1  TYPES OF RESPONSE AFTER AMYL NITRITE INHALATION 

In general, 3 different types of response of the recorded variables afte11 
amyl nitrite inhalation can be distinguished : a uniform type, a non-uniform 
type and a prolonged type of response (fig. 6 . 1  ) .  Comparisons of the 3 dif
ferent patterns of changes with the results of invasive procedures suggest 
different meanings of these 3 types of response. 

The uniform type of response is characterized by a joint increase and 
decrease of ejection time index and a-wave ratio with heart rate. Direction, 
degree and duration of changes are similar to changes in heart rate. There 
are two variations of this uniform type of response : a. the control values of 
all variables are normal and quickly return to normal with heart rate. This 
type of uniform response is found to be the most favourable one, indicating 
the absence of obstruction to outflow and a normal left ' ventricular 
end-diastolic pressure within normal limits of heart rate (see fig. 4.4 ) ,  
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Fig. 6 .1 Schematic diagram illustrating the different responses of the heart rate (HR), 
a-wave ratio (a/H) and left ventricular ejection time index (ETI) to amyl nitrite 
inhalation. 

A. Uniform response, type a: the control value of the a-wave ratio is normal ; type b :  
the control a-wave ratio is increased. 

B. Non-uniform response, type a: normal ejection time index; type b :  increased 
ejection time index. 

C. Prolonged type of response. 

b. the control value of the ejection time index is normal, but the control 
value of the a-wave ratio is too high. This type of uniform response can 
be seen during or after treatment and indicates a therapeutically induced 
decrease of the outflow tract obstruction, without a decrease in left ventri
cular end-diastolic pressure (see figs. 5. 9 and 5 . 1 1 ). Both these uniform 
types represent a rate-dependent provocation of outflow tract obstruction 
and end-diastolic pressure. Consistent in this pattern of changes is the 
concurrence of heart rate and a-wave ratio, whether or not the latter is 
elevated at rest. On pathophysiological grounds (see p. 33) ,  this pattern 
of response can be attributed to a reduction in left ventricular compliance. 
This observation strongly supports the view that the prominent feature of 
hypertrophic obstructive cardiomyopathy is a 'diastolic compliance failure', 
not a 'systolic pump failure' (Oakley, lecture presented at the Teaching 
Seminar on Cardiomyopathies, Oct. 1 971  ). Benchimol and Dimond ( 1962) 
described a similar heart rate dependent response of the a-wave ratio after 
exercise in 25 patients with ischaemic heart disease. The pre-exercise value 
of the a-wave ratio of 26.5 °/o rose to 4 1  °/o immediately after exercise. In 
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22 normal subjects, the a-wave ratio of 7 °/o did not change after exercise 
(compare with the a-wave ratios in figs . 2 .9 and 4 .4) .  It is probable that 
a reduced coronary flow interferes with the distensibility of the myocardial 
tissue as was suggested by the decrease in a-wave ratio in their patients 
with ischaemic heart disease after nitroglycerine. Recent investigations 
(Friesinger et al., 1967;  Ross, 1971 )  could demonstrate a rise in left ventri
cular end-diastolic pressure during angina! attacks as a result of a decreased 
left ventricular compliance. 

The non-uniform type of response, characterized by similar changes in 
heart rate and a-wave ratio with a too high control value, can be observed 
with an unchanging ejection time index either with a normal or an increased 
control value. The former observation is found in patients with a pre
dominant hypertrophic cardiomyopathy without a significant outflow 
tract obstruction (see fig. 5 . 3 ) .  The latter pattern of changes appears to be 
suggestive of a hypertrophic cardiomyopathy with varying degrees of 
obstruction to outflow (figs . 4 .2 and 5 . 8 ) .  

The prolonged type of  response is characterized by a delayed return 
with respect to heart rate of both the ejection time index and the a-wave 
ratio, both starting from raised control values. This pattern of changes is 
seen in cases with a significant outflow tract obstruction (see figs. 4 . 8 ,  5 .6, 
5.7 and 5 . 12) .  

6 . 4.2 VALIDITY AND LIMITATIONS OF THE AMYL NITRITE INHALATION TEST IN 
THE EVALUATION OF TREATMENT 

The essential value of the amyl nitrite inhalation test, as performed in this 
study, lies in the fact that the different variables are recorded simultane
ously in response to one provocative stimulus. Simultaneous recording of 
the interdependent variables gives a better insight in the cardiac events 
than recording of only one, as is usually done. The balance between the 
outflow obstruction, reflected by the ejection time index, and the inflow 
restriction, reflected by the a-wave ratio, may be different and variable 
from patient to patient, and may be profoundly influenced by treatment. 
Considering the ejection time index and a-wave ratio in combination 
greatly enhanced the validity of this non-invasive test, as shown by various 
examples in the previous chapters. In surgically treated patients, the test 
enabled the prediction of the presence of a residual outflow tract obstruct
ion, confirmed by cardiac catheterization. A beneficial result of surgery, 
manifested by a decrease to normal of both the ejection time index and a
wave ratio, could also be demonstrated. Furthermore, this convenient, easily 
repeatable procedure permits an objective follow-up in patients on medical 
treatment. As a guidance in long-term beta-adrenergic blocking therapy, 
the test could indicate a beneficial effect, an inadequate effect or an 
imminent overdosage of beta-blocking agents. A beneficial effect of pro
pranolol could be demonstrated in several patients and was shown by a 
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change in the pattern of response from prolonged before treatment to 
uniform after onset of treatment. An inadequate effect of cardioselective 
beta-blocking therapy by alprenolol was manifested by a change of a uni
form type of response to a prolonged one. The validity of this non-invasive 
procedure is also apparent in the control of left atrial activity. A decrease 
in a-wave ratio during beta-adrenergic blocking therapy may signify 
either a virtual decrease in left ventricular end-diastolic pressure or a depres
sion of atrial activity, or both. A substantial decrease of a previously large 
a-wave ratio, with a delayed return or without any change after the 
increase in heart rate, may at first sight look like a beneficial effect of 
medical treatment (see fig. 5 . 10) .  However, this response might signal an 
imminent overdosage of the drug tending to depress or even offset the left 
atrial contractile force. Again it must be emphasized that maintenance of 
left atrial mechanical activity is of utmost importance for the ventricular 
function in these patients. The control of left atrial function during long
term treatment with beta-adrenergic blocking agents using this non-invasive 
provocative test, therefore, is of great significance, also because the effects 
of beta-blocking agents in acute observations may not parallel the long
term effects . 

The amyl nitrite inhalation test also revealed a difference in long-term 
effects between propranolol, alprenolol and practolol, as was shown in 
some examples (figs. 5 . 8 ,  5 . 9  and 5 . 12) .  The impression was gained that 
propranolol as in the acute experiment was most effective on the outflow 
tract obstruction, whereas alprenolol exerted a more generalized beta
receptor blocking effect. It should be noted that on the long-term, prac
tolol neither showed an influence upon the outflow tract obstruction nor 
on the left ventricular end-diastolic pressure. This lack of effect, seen in 
one patient (fig. 5 . 8) ,  might seem to contrast with the reported effects of 
practolol on the left ventricular end-diastolic pressure in acute observations 
(Graber et al. ,  1971 ; Webb-Peploe, 1971 ) .  In the literature no long-term 
results of practolol in hypertrophic obstructive cardiomyopathy have been 
described as yet. 

It is possible that the amyl nitrite inhalation test might be of value for 
the selection of patients for surgery. A prolonged type of response despite 
beta-blocking therapy may be considered an indication for surgery. On the 
other hand, a non-uniform type · of response associated with a normal or 
nearly normal control value of the ejection time index, reflects a pre
dominance of inflow restriction, in which, in our opinion, surgery is 
contraindicated. However, more experience with the amyl nitrite inhalation 
test is needed to support these preliminary conclusions. 

In two · instances the amyl nitrite inhalation test fails to give results, 
firstly when no sufficient increase in heart rate occurs, and secondly when 
atrial fibrillation is present. In some cases, beta-receptor blocking therapy 
prevented a sufficient increase in heart rate. This event deprives this 
method of its provocative stimulus. In the case of propranolol, having a 
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chemical half-life in vivo of 2 hours (Barrett, 1 971 ) ,  discontinuance of 
this drug a few hours before the performance of the test may overcome this 
difficulty. Another method of offsetting the propranolol effect may consist 
of an intravenous injection of 0 .5  to 1 mg atropine. In none of the patients 
of this study were these measures taken. It is questionable, however, if a 
proper evaluation of the effect of propranolol can then be obtained. In 
patients taking alprenolol, generally a sufficient increase in heart rate after 
amyl nitrite inhalation occurred. Apparently, alprenolol depresses the 
sino-atrial node to a lesser degree than does propranolol. Also practolol 
allowed a sufficient increase in heart rate. When a tachycardia was present 
before the performance of the test, inhalation of amyl nitrite was not 
done. Heart rates exceeding 1 20 to 1 30  beats per minute may result in 
unreliable values for the systolic time intervals. The presence of atrial 
fibrillation also deprives this method of one of its most important indices 
i .e .  the a-wave ratio. However, despite limitations inherent to so many 
methods in medicine, this non-invasive provocative test with inhalation of 
amyl nitrite appears to be a valuable tool in the objective evaluation of 
treatment of hypertrophic obstructive cardiomyopathy. 
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S UMMARY 

Of  24  cases o f  hypertrophic obstructive cardiomyopathy, 1 1  patients 
were surgically and 1 3  medically treated. Surgical treatment consisted 
of a myotomy of the muscular stenosis in 2 patients. In 8 patients, a right 
ventriculotomy with a partial resection of the interventricular septum, a 
septectomy, was performed. In one patient a mitral valve prosthesis was 
implanted because of a severe mitral insufficiency due to calcified valves . 
Three hospital deaths occurred. 

Medical treatment initially consisted of propranolol in daily doses 
varying from 30 to 240 mg daily. Side-effects of propranolol required 
replacement of this drug by alprenolol in some patients. In one patient 
practolol was administered. 

Evidence of improvement after the onset of treatment remains difficult 
to evaluate and may be subject to spontaneous fluctuations in the protraced 
course of the disease. Multiple cardiac catheterizations are undesirable and 
were felt not to be justified particularly in the medically treated patients. 
Therefore, the main purpose of this study was to investigate the usefulness 
of an atraumatic, non-invasive method as a possible aid in the objective 
evaluation of the long-term results of treatment in both the 8 surviving 
patients after operation and the medically treated group. In order to assess 
the potential usefulness of the non-invasive procedure, the results of these 
non-invasive methods were compared with the data obtained from invasive, 
haemodynamic studies, performed under conditions of both rest and pro
vocation. In the invasive studies, in some patients exercise could be 
performed as a provocation. In the non-invasive procedures, the inhalation 
of amyl nitrite was used as a provocation since technically satisfactory 
recordings could not be obtained during exercise as yet. 

The usefulness and validity of the amyl nitrite inhalation test was given 
by 3 factors : 1 .  the relation of the ejection time index with the degree 
of the outflow tract obstruction, 2. the close correlation of the a-wave 
ratio of the apexcardiogram and the left ventricular end-diastolic pressure, 
as was found in this study, and 3. the simultaneous recording of changes in 
these variables necessary to properly control the simultaneous occurring 
changes in outflow tract obstruction and left ventricular end-diastolic 
pressure, subject to the effect of the same stimulus i.e. the increase in heart 
rate after amyl nitrite inhalation. 

Three different patterns of changes in the externally recorded variables 
were observed (see fig. 6 . 1 ) : 
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1 .  a uniform type of response, characterized by a joint increase and 
decrease of both ejection time index and a-wave ratio with heart rate. 
Besides a uniform type starting with normal control values of both 
variables, a variation of this type was seen in which a normal control 
value of the ejection time index was associated with a too large control 
value of the a-wave ratio. 

2. a non-uniform type of response, characterized by either normal or 
increased control values of an unchanging ejection time index, asso
ciated with an increased resting value of the a-wave ratio. This type 
of response was termed non-uniform because the changes in the a-wave 
ratio followed the changes in heart rate, whereas the changes in the 
ejection time index did not. 

3 .  a type of response termed prolonged, since the increased control values 
of b oth the ejection time index and the a-wave ratio showed a pro
longed duration of changes compared with heart rate. 

Comparisons of these 3 different types of response with haemodynamic 
data revealed different meanings for the conditions involved. For instance, 
a uniform type of response with normal control values of both the ejection 
time index and the a-wave ratio indicated a favourable result of treatment, 
given a normal heart rate. A uniform response with a normal resting value 
of the ejection time index but associated with a too high control value of 
the a-wave ratio suggested a beneficial effect of treatment on the outflow 
tract obstruction. A non-uniform response starting with an increased 
control value of the a-wave ratio and a normal control value of the ejection 
time index was seen in cases with a predominant inflow restriction. This 
pattern of changes was considered as a contraindication for surgery. When 
combined with an elevated unchanging ejection time index, this pattern of 
response suggested the presence of an additional outflow tract obstruction. 
A prolonged type of response was invariably seen in patients with a severe 
outflow tract obstruction. When in these instances beta-adrenergic blocking 
therapy failed to show a beneficial effect, indicated by a change to 
an uniform type of response, surgery might be considered. The patterns 
of response were different for propranolol and alprenolol, demonstrating 
a different mode of action of these two drugs . Propranolol as in the 
acute experiments showed the greatest influence upon the outflow tract 
obstruction, whereas alprenolol appeared to have a more generalized 
beta-receptor blocking effect. In one patient, practolol on the long-term 
showed neither an effect on the outflow tract obstruction nor on the left 
ventricular end-diastolic pressure. 

Although further experience with the amyl nitrite inhalation test in 
patients with hypertrophic obstructive cardiomyopathy is needed, the 
preliminary conclusion can be drawn that this method is a valuable aid 
in the objective evalution of this disorder. 
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