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Abnormal Blood Pressure Response During
Exercise in Hypertrophic Cardiomyopathy

Michael P. Frenneaux, MD, Peter J. Counihan, MD, Alida L.P. Caforio, MD,
Taishiro Chikamori, MD, and William J. McKenna, MD

To investigate the incidence of abnormal exercise blood pressure responses in hypertrophic
cardiomyopathy (HCM) and the potential role of hemodynamic instability as a mechanism of
sudden death, 129 consecutive patients with HCM underwent maximal symptom-limited
treadmill exercise testing with blood pressure recording. Four patterns of blood pressure
response were observed. Forty-three patients had significant exercise hypotension, with either
a continuous fall in systolic blood pressure (n=5) from the start of exercise or a sudden fall in
systolic blood pressure (20-100 mm Hg; mean, 40 mm Hg) from the peak value (n=38), 23
patients had a normal response during exercise but an abnormal blood pressure response in the
recovery period, and the remaining 62 patients demonstrated a normal blood pressure
response. Patients with exercise hypotension were younger (3314 versus 46+14 years) and
more of them had a family history of HCM and sudden death compared with those with a
normal blood pressure response (15 of 43 versus 6 of 62 patients). Similarly, the 23 patients
with abnormal recovery blood pressure responses were younger (43+16 versus 4614 years)
and had a higher incidence of a family history of sudden death (10 of 24 versus 6 of 62 patients).
Left ventricular cavity dimensions were smaller in those with exercise hypotension, but 11 other
clinical, echocardiographic, and arrhythmic variables were similar. To assess the mechanism
of exercise hypotension, 14 patients who demonstrated exercise hypotension and 14 symptom-
atic patients with a normal exercise blood pressure response underwent invasive hemodynamic
exercise testing. In the hypotensive group, cardiac index increased from 2.6 to 9.5 I/min/m’ at
peak exercise similar to the increase found in patients with a normal blood pressure response.
Cardiac index at peak exercise was marginally higher in the hypotensive group at peak exercise.
Systemic vascular resistance was similar at rest and after 2 minutes of exercise, but resistance
was significantly lower in the hypotensive group at peak exercise (428185 versus 744187
dynes/sec/cm™*; p=0.0001). Exercise hypotension is common in HCM (33%) and is due to a fall
in systemic vascular resistance occurring despite a rising cardiac index. The association of
hemodynamic instability, young age, and an adverse family history emphasizes the potential
role of hemodynamic collapse as an initiating mechanism of sudden death in HCM. Prospective
evaluation, particularly of young patients, is warranted. (Circulation 1990;82:1995-2002)

1995

myopathy (HCM).12 There are numerous po-

tential mechanisms, but rarely is a cause
identified.2 Abnormal blood pressure responses have
been reported in HCM and in other cardiac diseases
associated with a high incidence of sudden death.3-7
In HCM hemodynamic collapse has been docu-
mented with and without arrhythmia.8® To assess the
potential for hemodynamic instability, we have per-
formed maximal treadmill exercise with careful doc-

S udden death is common in hypertrophic cardio-
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umentation of blood pressure response during exer-
cise in a consecutive population with HCM.

Methods
Patients

Clinical. One hundred twenty-nine consecutive pa-
tients with HCM who were attending St. George’s
Hospital, London, were studied. The diagnoses were
made from 1 month to 25 years (mean, 6 years)
before the study and were based on typical clinical,
echocardiographic, and hemodynamic features.!.1
All patients had left ventricular hypertrophy (1.5 cm
or more demonstrated on two-dimensional echocar-
diography) in the absence of cardiac or systemic
disease that could have caused hypertrophy.1.12 Pa-
tients with blood pressure of more than 160/90 were
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excluded; however, two patients with mild systemic
hypertension, marked hypertrophy, resting left ven-
tricular outflow tract gradients, typical clinical fea-
tures, and a family history of HCM were included.
Patients were aged 10-74 years (mean, 41 years); 49
patients were aged less than 35 years, 65 patients
were aged 35-60 years, and 15 patients were more
than 60 years old. Seventy-seven were male, and 52
were female. One hundred twenty-one were in sinus
rhythm, seven were in atrial fibrillation, and one
patient had a dual-chamber (DDD mode) pacemaker
for symptomatic transient complete heart block. Six-
ty-seven (52%) patients had a family history of HCM,
and of these, 31 also had a family history of prema-
ture (<55 years) sudden cardiac death. Twenty-nine
(22%) had experienced syncope, 29 (22%) had exer-
tional chest pain, and 61 (47%) had dyspnea NYHA
grade II (n=46) or III (n=15). At the time of study,
no patient was receiving cardioactive medication.
Symptomatic therapy was discontinued for at least
five half-lives. Amiodarone was discontinued at vary-
ing intervals before the study, and only patients who
had not received amiodarone for at least 3 months
and with plasma concentrations of (.2 mg/I or less
were presented in the analysis. On two-dimensional
and M-mode echocardiography using previously pub-
lished methods,'213 the 129 patients showed maximal
left ventricular wall thickness of 23+7 mm, left
ventricular end-systolic and end-diastolic cavity di-
mensions of 26+6 and 43+6 mm, respectively, and
left atrial dimension of 41+9 mm (>45 mm in 30
patients [23%]). Complete systolic anterior motion of
the mitral valve with septal contact was present in 36
(28%) patients; 34 (26%) patients had a calculated
resting Doppler gradient of greater than 30 mm Hg.14
Ejection fraction was measured by R wave—gated
equilibrium blood pool studies after in vivo labeling
of red blood cells with technetium 99m. Images were
acquired using a large field-view gamma camera and
a medium-sensitivity parallel-hole collimator ori-
ented in 45° left anterior oblique projection with
caudal tilt. Data were acquired in list mode from
600-900 consecutive cycles, and an RR interval
histogram was constructed; cycles more than 20%
from the mean cycle length were rejected. A back-
ground-corrected left ventricular activity time curve
was generated at a frame rate of 10-25 msec. A
standard count-based method calculation of left ven-
tricular ejection fraction was 77+9%.15.16

All patients underwent 48-hour electrocardio-
graphic monitoring at the time of diagnosis or within 6
months of the study and were not receiving cardioac-
tive medication.!” Twenty-eight (22%) had nonsus-
tained ventricular tachycardia, defined as three or
more consecutive ventricular extrasystoles with a
mean rate of 120 beats/min or more for less than 30
seconds, and 34 (26%) had episodes of paroxysmal
atrial fibrillation or supraventricular tachycardia, de-
fined as three or more consecutive narrow complex
extrasystoles at a mean rate of 120 beats/min or more.

As part of routine clinical follow-up, 42 patients
underwent repeat noninvasive evaluation 3-12
months after the initial exercise test.

Exercise Testing

Maximal symptom-limited treadmill exercise test-
ing was performed using a Bruce protocol!8 with
continuous measurement of oxygen consumption.
Respiratory gas analysis was performed using an es-
tablished technique with a metabolic measurement
cart (Horizon Sensor Medics, Anaheim, Calif.). Oxy-
gen and carbon dioxide levels were measured with a
temperature-controlled rapid polarographic sensor
and a dual-beam infrared optical sensor, respectively,
linked to an on-board microprocessor.1 Printouts of
minute ventilation, oxygen consumption, carbon diox-
ide production, and respiratory quotient were ob-
tained at 15-second intervals during exercise. Before
the study, patients were guided in the techniques of
exercise and respiratory gas collection and had dem-
onstrated a less than 10% difference in maximal
oxygen consumption on at least two consecutive tests.
Anaerobic threshold, a measure of the adequacy of
exercise, was measured by a conventional algorithm.20

Blood Pressure Recording

Systolic blood pressure was measured using a
mercury sphygmomanometer at rest, at 1-minute
intervals during exercise, and at 15-second intervals
for 5 minutes during the recovery period after exer-
cise. Measurements were made by digital palpation
of the brachial artery in all patients. Thirty patients
in whom blood pressure recording was problematic
underwent repeat exercise blood pressure recordings
with direct intra-arterial measurements from the
nondominant brachial artery.

Exercise Hemodynamics

Fourteen patients who demonstrated hypotension
during exercise underwent invasive exercise hemody-
namic studies; 14 patients with a normal exercise
blood pressure response but with severe or refractory
symptoms were studied for comparison. On the day
of the study, patients arrived after fasting in the
morning. A Swan-Ganz catheter was inserted into a
central vein under local anesthesia and advanced into
the pulmonary artery. A 20-gauge cannula was in-
serted into the brachial artery of the nondominant
arm. Pulmonary artery pressures, pulmonary capil-
lary wedge pressures, systemic blood pressure, and
cardiac output were measured at rest and during
each minute of exercise. Pressures were measured by
Statham transducers (Gould, Cleveland) referenced
to atmosphere at midchest level and recorded using a
multichannel recorder (Mingograph 7, Siemans-El-
ema, Hamburg, FRG). Cardiac output was measured
by the direct Fick method during treadmill exercise:
cardiac output (I/min)=[oxygen consumption(ml/min)
% 10]+[hemoglobin(g/dl)1.34 x arteriovenous oxygen
difference]. Systemic vascular resistance expressed in
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absolute units (dynes - sec - cm ) was calculated from
the mean arterial pressure and cardiac output.

Statistical Analysis

Data are expressed as mean+1 SD. Statistical
analysis was performed by paired and unpaired ¢ test
and y ? test where appropriate. A value of p <0.05 was
considered significant.

Results

Patients completed exercise testing without com-
plication, and anaerobic metabolism was demon-
strated in all patients. The limiting symptom was
fatigue and breathlessness in 92 (71%), chest pain in
28 (22%), and symptomatic hypotension in three
(2%); in six patients the exercise was discontinued by
the physician because of the development of su-
praventricular arrhythmia (n=1) or hypotension
(>50% fall from the peak value) (n=5). During
exercise, one patient developed atrial fibrillation with
rapid ventricular response and hypotension. Three
patients developed frequent unifocal ventricular ex-
trasystoles in the initial postexercise recovery phase.
Four patterns of blood pressure response were ob-
served (Figure 1). In 62 patients, there was a normal
blood pressure response with a linear increase in
systolic blood pressure to peak exercise and a gradual
decline during the recovery period. Forty-three pa-
tients experienced hypotension during exercise. Two
patterns of hypotension were observed; in five pa-
tients, systolic blood pressure fell continuously from
the first minute of exercise. The remaining 38 pa-
tients had an initial rise in systolic blood pressure to
a maximum and a subsequent fall of 20-100 mm Hg
(median, 40 mm Hg) from the peak value recorded.

In 12 patients, the fall in blood pressure from the
peak value was greater than 40 mm Hg. Symptoms of
impaired consciousness during hypotension were
more common in patients aged 30 years or more than
in younger patients (9 of 25 versus 1 of 18; p<0.001).
Twenty-three patients had a normal blood pressure
response during exercise but an abnormal response
during the recovery period, with an initial rapid fall
and subsequent increase of at least 10 mm Hg from
the minimum value. The resting blood pressure was
lower in the patients with exercise hypotension
(118+26 mm Hg) and abnormal recovery (11620
mm Hg) than in those with a normal response
(131+24 mm Hg) (p<0.01). Peak blood pressure
during exercise was lower in those with exercise
hypotension (153+37 mm Hg) and those with abnor-
mal recovery pattern (157+36 mm Hg) than in those
with a normal blood pressure response (192+37
mm Hg) (p<0.001).

Blood pressure at peak exercise was 190+38
mm Hg in those with a normal blood pressure re-
sponse, 11935 mm Hg (p<0.001) in the hypoten-
sive group, and 14939 mm Hg (p<0.001) in the
abnormal recovery group. All three groups achieved
a similar degree of cardiovascular stress as judged by
anaerobic threshold and maximal heart rate achieved
(Table 1). Of the 42 patients who underwent repeat
evaluation during follow-up, the qualitative blood
pressure response was the same as the original study
in all 16 with a normal exercise blood pressure
response and in 24 of 26 who had previously demon-
strated exercise hypotension or an abnormal pattern
of recovery blood pressure.

The 43 patients with exercise hypotension were
significantly younger than the 62 patients with a
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TaBLE 1. Exercise Blood Pressure Response in 129 Patients With Hypertrophic Cardiomyopathy

Abnormal
Hypotensive Normal recovery
(n=43) p* (n=62) pt (n=24)
Sex
Male 23 (53%) 41 (66%) 13 (54%)
Female 20 (47%) 21 (24%) 11 (46%)
Age (yr) 33+14 <0.001 46+14 0.02 43+16
FHx
HCM 12 (28%) 18 (29%) 6 (25%)
HCM/SD 15 (35%) <0.001 6 (10%) 0.001 10 (42%)
NYHA II 13 (30%) 22 (35%) 11 (46%)
NYHA III 8(19%) 5 (8%) 2 (8%)
Chest pain 17 (39%) 29 (47%) 12 (50%)
Syncope 11 (25%) 13 (21%) 5(21%)
Sinus rhythm 40 (93%) 60 (97%)% 22 (92%)
Established AF 3(7%) 2 (3%) 2 (8%)
SVT 18 (42%) 0.05 11 (17%) 5(21%)
VT 10 (23%) 14 (22%) 4 (17%)
PG>30 mm Hg 9 (21%) 17 (28%) 7 (24%)
LVEDD (mm) 41%5 0.01 45+7 43+7
LVESD (mm) 24+5 0.04 27+7 27+7
LA (mm) 4010 41+8 4129
Max LVWT 23+8 21+6 23+7
Exercise
Max heart rate (beats/min) 155+33 15125 14928
Anaerobic threshold
(ml/kg/min) 23+9 NS 21+6 NS 19£5
Peak Vo, (ml/kg/min) 28+11 26+7 25+7
Predicted Vo, (%) 7422 7717 76+19
Peak BP (mm Hg) 153+37 0.0001 192+37 0.0001 157+36
BP at peak exercise
(mm Hg) 119+35 0.001 190+38 0.001 149+39

FHx, family history; HCM, hypertrophic cardiomyopathy; SD, sudden death; NYHA, New York Heart Association
classification; AF, atrial fibrillation; SVT, supraventricular tachycardia; VT, nonsustained ventricular tachycardia; PG,
pressure gradient; LVEDD, left ventricular end-diastolic dimension, LVESD, left ventricular end-systolic dimension; LA,
left atrial; Max, maximum; LVWT, left ventricular wall thickness; V0,, maximal oxygen consumption; BP, blood pressure.

*Normal versus hypotensive group.
+Normal versus abnormal recovery.
iDual-chamber pacemaker.

normal blood pressure response (33+14 versus
46+14 years; p=0.001) and the recovery group
(33+14 versus 43=16 years; p=0.01). There was no
significant difference in the age of patients with an
abnormal recovery pattern and those with a normal
response (43+16 versus 46+14; p=NS). An abnor-
mal blood pressure response during exercise and
during recovery was associated with a family history
of HCM and sudden death (15 of 43 and 10 of 24
versus 6 of 62; p<0.001). Left ventricular end-systolic
and end-diastolic dimensions were less in the hy-
potensive group compared with the other two groups
(Table 1). An abnormal blood pressure response
during exercise and recovery, however, was indepen-
dent of gender, symptoms, radionuclide ejection frac-
tion, the maximum left ventricular wall thickness, left
atrial dimension, complete systolic anterior motion of
the mitral valve, and ventricular arrhythmias during

48-hour electrocardiographic monitoring. Medica-
tion during follow-up included B-blockers in 51 pa-
tients, verapamil in 17, and amiodarone in 32. Three
patients experienced sudden death; two of these
were resuscitated from out-of-hospital ventricular
fibrillation, and one patient, an asymptomatic, 12-
year-old child, collapsed while walking. None of
these patients had experienced syncope before sud-
den death and were not on medication at the time of
collapse. These three patients did not have supraven-
tricular or ventricular arrhythmias during 2, 4, and 5
days of electrocardiographic monitoring.

Exercise hemodynamic monitoring was performed
in 14 patients with exercise hypotension and in 14
patients with a normal blood pressure response. The
hypotensive group were younger, less symptomatic,
and had a greater degree of left ventricular hyper-
trophy than the 14 normotensive patients. In the
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TABLE 2. Clinical Characteristics in 28 Patients Who Underwent
Exercise Hemodynamic Studies

Normotensive Hypotensive
(n=14) (n=14)

Age 42+11 32x14
Sex

Male 9 8

Female 5 6
Family history

HCM 3(21%) 5 (36%)

HCM/SD 2(14%) 5 (36%)
Chest pain 10 (71%) 6 (43%)
NYHA II/IIT 6 (43%) 4 (29%)
Syncope 7 (50%) 3(21%)
Maximum LV wall

thickness (mm) 214 23%9
LA size (mm) 45+10 408
Gradient (>30

mm Hg) 6 (43%) 3(21%)
SVT/VT 6 (43%) 7 (50%)

Frenneaux et al Exercise Blood Pressure Response in HCM 1999
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HCM, hypertrophic cardiomyopathy; SD, sudden death;
NYHA, New York Heart Association classification; LV, left
ventricular; LA, left atrial; SVT, supraventricular tachycardia; VT,
nonsustained ventricular tachycardia.

normotensive group, seven had experienced syncope;
five of these seven patients experienced syncope in
association with paroxysmal atrial fibrillation (Table
2). In the hypotensive group, two had a continuous
fall in blood pressure, while 12 demonstrated an
initial rise and subsequent fall in blood pressure
during exercise of 25-100 mm Hg (median, 50
mm Hg) from the peak value (Figure 2). Cardiac
index increased in both groups and was higher in the
hypotensive group at peak exercise (9.5+2.8 versus
7.8+1.6 /min/m? p=0.05), reflecting the higher peak
Vo, and younger age of this group (Figure 3). The
systemic vascular resistance at rest was similar in the
normotensive and in the hypotensive patients. Dur-
ing the first 2 minutes of exercise, the fall in systemic

Normal Hypotensive
P<0.001
300 W | |

o -
m a 200
2x
oE - - -
»n E
> 100
n

0- Rest Peak Rest Peak Peak

. Ex BP Ex
FIGURE 2. Plot of exercise systolic blood pressure (BP)
response in 14 patients with normal response and 14 with
hypotensive response. Peak Ex, peak exercise.

FIGURE 3. Plot of Fick-derived cardiac index during exercise
in 14 patients with normal blood pressure response and 14 with
abnormal blood pressure response. Cardiac index increased
fivefold in both groups though magnitude of increase was
greater in hypotensive patients.

vascular resistance was similar in both groups; how-
ever, at peak exercise, the systemic vascular resis-
tance was significantly lower in the hypotensive group
than in controls (Figure 4). The fall in systemic
vascular resistance expressed as the percentage de-
crease from baseline to peak exercise was also signif-
icantly greater in patients with a hypotensive re-
sponse than in those with a normotensive response.

Discussion

Exercise hypotension has been documented in
HCM.2! The potential for hemodynamic collapse was
recognized early,! and its importance was under-
scored by the fact that the majority of sudden deaths
occurred during or in the recovery period after
exercise,2223 In this consecutive group of 129 patients
with HCM, exercise hypotension was seen in 33%,
with falls in blood pressure of more than 40 mm Hg

Normal Hypotensive

P < 0.0001

1500 -
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5)

1000 4 -

SVR

(dynes.sec.cm”

750
500 -

250

0-1 2min Peak 2min Peak
FIGURE 4. Plot of systemic vascular resistance (SVR) in 14
patients with normal blood pressure response and 14 with
abnormal blood pressure response measured after 2 minutes of
exercise and at peak exercise. The decrease in systemic vascu-
lar resistance from 2 minutes to peak was significantly greater
in hypotensive patients.
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FIGURE 5. Hemodynamic recordings from asymptomatic
25-year-old patient with 1.6 cm asymmetrical septal hypertro-
phy and no left ventricular outflow tract gradient. Diagnosis
was made during family screening after the sudden death of his
22-year-old sister. Systolic blood pressure (BP) fell continu-
ously during exercise despite an appropriate increase in heart
rate and cardiac output and maintenance of filling pressure.
The patient remained asymptomatic. PAP, pulmonary artery
pressure; PWP, pulmonary capillary wedge pressure; S, systolic
BP; D, diastolic BP.

Time (min)

documented in 12 patients. A greater percentage of
young patients had exercise hypotension. This does
not reflect increased exercise duration in the young,
as both groups attained similar levels of anaerobic
metabolism. Of interest was the absence of symptoms
of impaired consciousness in the younger patients
despite marked falls in blood pressure (40-100
mm Hg) with systolic pressures as low as 60 mm Hg
(Figure 5). In contrast, the adults with marked exer-
cise hypotension complained of fatigue or symptoms
of impaired consciousness shortly after blood pres-
sure began to fall. This suggests that patients, espe-
cially children and young adults, may be unaware of
serious circulatory changes during high levels of
exercise resulting in hemodynamic collapse. This may
result in regional myocardial ischemia progressing to
electrical instability particularly in areas of myocyte
disarray, providing a substrate for fatal arrhythmia.
The presence of a “distant early warning system” for
exercise hypotension, which was only seen in the
adults, may be an important protective mechanism.
Arrhythmias were rare during or after exercise,
and in only one patient was a hemodynamically
significant arrhythmia provoked by exercise. Invasive
hemodynamic studies in patients with exercise hypo-

TaBLE 3. Exercise Hemodynamics in 14 Patients With Exercise
Hypotension and 14 With Normal Blood Pressure Response

Normotensive Hypotensive

(n=14) (n=14) P
Systolic BP (mm Hg)
Rest 132+14 133%29 NS
Peak exercise 214+34 135+80 0.0001
Cardiac index (/min/m?)
Rest 2.5+0.6 2.6+0.7 NS
Peak exercise 7.8+1.6 95+28  0.05
SVR (dynes - sec - cm™)
Rest 1,757+437 1,778+585 NS
After 2 minutes of
exercise 999+195 973404 NS
Peak exercise 744+187 428+185  0.0001
Vo, max
Peak exercise
(ml/min/kg) 26.3+7.3 33.2+85 NS
Predicted Vo, (%) 86x16 74=19 NS

BP, blood pressure; SVR, systemic vascular resistance; Vo, max,
maximum oxygen consumption.

tension and in those with a normal blood pressure
response demonstrated that hypotension was related
to a fall in systemic vascular resistance and occurred
despite an appropriate rise in cardiac index. Exercise
hypotension that develops in association with isch-
emic or valvular heart disease has been presumed to
relate to impaired cardiac output response.+?42> In
HCM, it has been assumed that exercise hypotension
is related to the inability to maintain stroke volume
during tachycardia because of inadequate time for
filling. In this study, the cardiac index rose similarly
in both groups, being marginally higher in the hy-
potensive patients because they were younger and
exercised to a greater workload as judged by peak
oxygen consumption at anaerobic threshold. The
magnitude of the increase in cardiac index seen in
both groups was similar to that of untrained normal
subjects of similar age and gender.26 The peak heart
rate and cardiac index during exercise were similar in
patients with and without a resting left ventricular
gradient, suggesting that in these patients such gra-
dients did not significantly limit the stroke volume
response during exercise and that obstruction was
not a determinant of exercise hypotension.

At the commencement of exercise, the systemic
vascular resistance normally falls to approximately
half the resting value as the vasculature of the
exercising muscle dilates.” In both the normal blood
pressure group and the hypotensive group, systemic
vascular resistance was similar at rest and at 2
minutes, confirming an initially normal vasodilator
response. At peak exercise in the hypotensive group,
however, the systemic vascular resistance fell to
approximately 25% of the resting value, whereas in
the normal group it remained at approximately 45%
of the resting value. The mechanism of this exagger-
ated fall in peripheral vascular resistance is unknown
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but may relate to activation of the ventricular barore-
ceptor reflex resulting in withdrawal of sympathetic
tone to the resistance vessels.2527-29 This reflex has
been implicated in syncope associated with aortic
stenosis and, more recently, in the blunted blood
pressure response to exercise in some patients with
ischemic heart disease.2425:28 Support for activation
of this reflex as a mechanism in the present study
comes from the reduced left ventricular systolic and

diastolic dimensions found in the patients with exer-

cise hypotension. Exercise hypotension was more
common in the younger patients and was associated
with reduced left ventricular cavity dimensions. In-
creased wall stress is known to activate the ventricu-
lar mechanoreceptors; reduced ventricular volume,
increased wall thickness, and heightened sympathetic
drive might result in increased wall stress.30-32 Acti-
vation of the ventricular mechanoreceptor reflex
resulting in decreased sympathetic tone might be
expected to affect heart rate. We did not observe any
slowing of the peak heart rate coincident with hypo-
tension, but this component of the reflex may be
masked by high levels of circulating catecholamines
during high levels of exercise.??

The relation of exercise hypotension and abnormal
recovery blood pressure response to a family history
of sudden death suggests that hemodynamic instabil-
ity is an important potential mechanism for sudden
death in HCM.5¢ Three asymptomatic patients not
receiving medication and all under the age of 25
years experienced sudden death; two were success-
fully resuscitated. All three patients had exercise
hypotension. The finding of hemodynamic instability
and its association with youth and a family history of
sudden death suggests an important initiating mech-
anism of sudden death. The demonstration of exer-
cise hypotension may provide a useful marker for the
high-risk young patient. Identification of patients at
high risk is problematic. Syncope in children and
ventricular tachycardia in adults are sensitive and
specific markers of increased risk but have a low
predictive accuracy. The finding of equal proportions
of syncope and ventricular tachycardia in the three
blood pressure response groups suggests that exer-
cise hypotension is a useful adjunct in risk stratifica-
tion. This warrants prospective evaluation, particu-
larly in view of the absence of a sensitive marker of
sudden death in young patients with HCM.34

Acknowledgments

The authors thank Anne O’Donoghue and
Shaughan Dickie for their technical assistance.

References

1. Frank S, Braunwald E: Idiopathic hypertrophic subaortic
stenosis: Clinical analysis of 126 patients with emphasis on the
natural history. Circulation 1968;37:759-788

2. Goodwin JF: Frontiers of cardiomyopathy. Br Heart J 1982;48:
1-18

3. Bache RJ, Wang Yang, Jorgensen CR: Haemodynamic effects
of exercise in isolated valvular aortic stenosis. Circulation
1971;44:1003-1013

4. Hammermeister KE, DeRouen TA, Dodge HT, Zia M: Prog-
nostic and predictive value of exertional hypotension in sus-
pected coronary heart disease. Am J Cardiol 1983;51:
1261-1266

5. McKenna WJ, Harris L, Deanfield J: Syncope in hypertrophic
cardiomyopathy. Br Heart J 1982;47:177-179

6. Norris SN, Phillips JF, Jordan JW, McHenry PL: Incidence
and significance of decreases in systolic blood pressure during
graded treadmill exercise testing. Am J Cardiol 1978;41:
221-226

7. Rowell LB: Human cardiovascular adjustments to exercise
and thermal stress. Physiol Rev 1974;54:75-159

8. Stafford WJ, Trohman RG, Bilsker M, Zaman L, Castellanos
A, Myerburg RJ: Cardiac arrest in an adolescent with atrial
fibrillation and hypertrophic cardiomyopathy. J Am Coll Car-
diol 1986;7:701-704

9. McKenna WJ, Goodwin JF: The natural history of hyper-
trophic cardiomyopathy, in Harvey P (ed): Current Problems in
Cardiology. Chicago, Year Book Medical Publishers, Inc, 1981,
vol VI, pp 5-26

10. Report of the WHO/ISFC task force on the definition and
classification of cardiomyopathies. Br Heart J 1980;44:672—673

11. Maron BJ, Epstein SE: Hypertrophic cardiomyopathy: A
discussion of the nomenclature. Am J Cardiol 1979;43:
1242-1244

12. Shapiro LM, McKenna WJ: Distribution of left ventricular
hypertrophy in hypertrophic cardiomyopathy: A two-
dimensional echocardiographic study. J Am Coll Cardiol 1983;
2:437-444

13. Maron BJ, Gottdiener JS, Epstein SE: Patterns and signifi-
cance of distribution of left ventricular hypertrophy in hyper-
trophic cardiomyopathy: A wide-angle two dimensional echo-
cardiographic study of 125 patients. Am J Cardiol 1981;48:
418-428

14. Maron BJ, Gottdiener JS, Arce J, Rosing DR, Wesley YE,
Epstein SE: Dynamic subaortic obstruction in hypertrophic
cardiomyopathy: Analysis by pulsed Doppler echocardiogra-
phy. J Am Coll Cardiol 1985;6:1-15

15. Sugrue DD, Dickie S, Myers MJ, Lavender JP, McKenna WJ:
Effect of amiodarone on left ventricular ejection and filling in
hypertrophic cardiomyopathy as assessed by radionuclide
angiography. Am J Cardiol 1984;54:1054-1058

16. Bonow RO, Rosing DR, Bacharach SL, Green MV, Kent KM,
Lipson LC, Maron BJ, Leon MB, Epstein SE: Effects of
verapamil on left ventricular systolic function and diastolic
filling in patients with hypertrophic cardiomyopathy. Circula-
tion 1981,64:787-796

17. Savage DD, Seides SF, Maron BJ, Myers DM, Epstein SE:
Prevalence of arrhythmia during 24 hour electrocardiographic
monitoring and exercise testing in patients with obstructive
and nonobstructive hypertrophic cardiomyopathy. Circulation
1979;59:866-875

18. Bruce RA, McDonough JR: Stress testing for cardiovascular
disease. Bull N Y Acad Med 1969;45:1288-1294

19. Jones NL: Evaluation of a microprocessor controlled exercise
testing system. J Appl Physiol 1984;57:1312-1318

20. Lipkin DP, Canepa-Anson R, Stephens MR, Poole-Wilson
PA: Factors determining exercise capacity in heart failure:
Comparison of fast and slow exercise tests. Br Heart J 1986;
55:439-445

21. Edwards RHT, Kristinsson A, Warrel DA, Goodwin JF:
Effects of propranolol on response to exercise in hypertrophic
cardiomyopathy. Br Heart J 1970;32:219-225

22. Maron BJ, Roberts WC, Epstein SE: Sudden death in hyper-
trophic cardiomyopathy: A profile of 78 patients. Circulation
1982;65:1388-1394

23. Loogen F, Kuhn H, Krelhaus W: Natural history of hyper-
trophic obstructive cardiomyopathy and effect of therapy, in
Kaltenbach M, Loogen F, Olsen EGJ (eds): Cardiomyopathy
and Myocardial Biopsy. Berlin, Springer-Verlag, 1978,
pp 286-299

24. Kamatsu SO, Takehita A, Nakamura M: Impaired blood
pressure response to exercise in patients with coronary artery

Downloaded from http://circ.ahajournals.org/ at UNIV STUDI PADOVA on October 30, 2012


http://circ.ahajournals.org/

2002

25.

26.

27.

28.

29.

30.

Circulation Vol 82, No 6, December 1990

disease: Possible contribution of attenuated reflex vasocon-
striction in non-exercising muscles. Br Heart J 1989;61:149-154
Mark AL, Kioschos JM, Abboud FM, Heistad DD, Schmid
PC: Abnormal vascular responses in patients with aortic
stenosis. J Clin Invest 1973;52:1388-1394

Epstein SE, Beiser GD, Stampfer M, Robinson BF, Braun-
wald E: Characterization of circulatory response to maximal
upright exercise in normal subjects and patients with heart
disease. Circulation 1967;35:1049-1062

Fox 1J, Gerasch DA, Leonard JJ: Left ventricular mechanore-
ceptors —a haemodynamic study. J Physiol (Lond) 1977;273:
405-425

Bishop VS, Malliani A, Thoren P: Cardiac mechanoreceptors,
in Shepherd JT, Abboud FM (eds): Handbook of Physiology,
Section 2: The Cardiovascular System, Volume II (Part 2).
Bethesda, Md, American Physiological Society, 1983
Chevalier PA, Weber KC, Lyons GW, Nicoloff DM, Fox 1J:
Haemodynamic changes from stimulation of left ventricular
baroreceptors. Am J Physiol 1974;227:719-728

Almquist A, Goldenberg IF, Milstein S, Chen M-Y, Chen X,
Hansen R, Gornick CC, Benditt DG: Provocation of brady-

31.

32.

33.

34.

cardia and hypotension by isoproterenol and upright posture
in patients with unexplained syncope. N Engl J Med 1989;320:
346-351

Emery RW, Estrin GM: Initiation of the left ventricular
mechanoreceptor reflex by regional increases in myocardial
contractility (abstract). Fed Proc 1979;38:1385

Oberg B, Thoren P: Increased activity in left ventricular
receptors during hemorrhage or occlusion of caval veins in the
cat: A possible cause of the vaso-vagal reaction. Acta Physiol
Scand 1972;85:164-173

Stratton RJ, Pfeifer MA, Halter JB: The hemodynamic effects
of sympathetic stimulation combined with parasympathetic
blockade in man. Circulation 1987;75:922-929

McKenna WJ, Camm AJ: Sudden death in hypertrophic
cardiomyopathy: Assessment of patients at high risk (editorial
comment). Circulation 1989;80:1489-1492

KEYy WORDS -

exercise * hypertrophic cardiomyopathy <

hemodynamics ¢ syncope

Downloaded from http://circ.ahajournals.org/ at UNIV STUDI PADOVA on October 30, 2012


http://circ.ahajournals.org/

