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abstract

background

Microvascular dysfunction, reflected by an inadequate increase in myocardial blood flow
in response to dipyridamole infusion, is a recognized feature of hypertrophic cardiomyopathy. Its long-term effect on the prognosis is unknown. We prospectively evaluated
a cohort of patients with hypertrophic cardiomyopathy after they had undergone quantitative assessment of myocardial blood flow by positron-emission tomography (PET).
methods

Fifty-one patients (New York Heart Association class I or II) were followed for a mean
(±SD) of 8.1±2.1 years after PET. Twelve subjects with atypical chest pain served as
controls. Measurement of flow was performed at base line and after the infusion of
the coronary vasodilator dipyridamole, with the use of nitrogen-13–labeled ammonia.
Patients were then divided into three equal groups with increasing values of myocardial blood flow.
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results

The response of myocardial blood flow to dipyridamole was severely blunted in the patients, as compared with the controls (1.50±0.69 vs. 2.71±0.94 ml per minute per gram
of tissue, P<0.001). Sixteen patients (31 percent) had an unfavorable outcome (death
from cardiovascular causes, progression to New York Heart Association class III or IV, or
sustained ventricular arrhythmias requiring the implantation of a cardioverter–defibrillator) 2.2 to 9.1 years after PET. Reduced blood flow in response to dipyridamole was
strongly associated with an unfavorable outcome. Multivariate analysis showed that
among patients in the lowest of the three flow groups the age-adjusted relative hazard
of death from cardiovascular causes was 9.6 (P=0.02) and the relative hazard of an unfavorable outcome (a combined end point) was 20.1 (P=0.003), as compared with patients in the two other flow groups. Specifically, all four patients who died from heart
failure and three of five who died suddenly were in this subgroup.
conclusions

In patients with hypertrophic cardiomyopathy, the degree of microvascular dysfunction is a strong, independent predictor of clinical deterioration and death. Severe microvascular dysfunction is often present in patients with mild or no symptoms and may
precede clinical deterioration by years.
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ypertrophic cardiomyopathy is
a genetically determined disease with diverse clinical manifestations and pathophysiological substrates.1-14 Although several
factors have been associated with an unfavorable
outcome, the identification of patients at risk for
sudden death or progression to heart failure remains a formidable challenge.8-11,14,15
An inadequate increase in myocardial blood flow
after intravenous administration of the vasodilator
dipyridamole indicates microvascular dysfunction
in the absence of coronary stenoses and is detected
on positron-emission tomography (PET) in the majority of patients with hypertrophic cardiomyopathy.16-19 Microvascular dysfunction, in turn, represents a predisposing factor for myocardial ischemia,
which is also a common feature of hypertrophic cardiomyopathy.3,7,20-27 The effect of microvascular
dysfunction on the prognosis, however, has not
been investigated. The issue is of relevance, since
both microvascular dysfunction and myocardial ischemia may be amenable to treatment.28,29 Thus,
we prospectively evaluated the relation between myocardial blood flow as assessed by PET and the longterm outcome in a cohort of patients with hypertrophic cardiomyopathy.

methods
study population

Patients

The study cohort was part of a regional population
of patients closely followed by a small number of
physicians with expertise and a long-standing interest in hypertrophic cardiomyopathy at hospitals
in Florence and Pescia, Italy. The diagnosis of hypertrophic cardiomyopathy was based on echocardiographic evidence of myocardial hypertrophy (as
defined by a left ventricular wall thickness of at least
15 mm) in the absence of any other cardiac or systemic cause of left ventricular hypertrophy.1 All patients older than 18 years of age who were seen at
these two community-based hospitals from January
1989 to May 1990 were asked to undergo PET. The
only exclusion criterion was severe congestive heart
failure, as defined by a New York Heart Association
(NYHA) functional class of III or IV.
Of 222 eligible patients, 51 (23 percent) agreed
to participate and constituted the study group (Table 1). Their mean (±SD) age was 44±13 years. Of
these 51 patients, 14 (27 percent) reported typical
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angina and were enrolled after the documentation
of angiographically normal coronary arteries. The
171 eligible patients who did not participate were
also followed up and did not differ significantly with
respect to base-line characteristics and long-term
survival free of cardiovascular events (P=0.21).
Control Subjects

The control group comprised 12 subjects who had
a syndrome of atypical chest pain (4 were men); their
mean age was 51±8 years (P=0.1 for the comparison with the patients). All had normal findings on
physical examination, electrocardiography, echocardiography, treadmill exercise testing, and coronary and left ventricular angiography.
measurement of myocardial blood flow

All PET scans were performed at the Institute of
Clinical Physiology in Pisa, Italy, between June 1990
and May 1993. To eliminate any effects of drug treatment on the assessment of microvascular function,
all studies were performed after an appropriate period of pharmacologic washout.16
Regional myocardial blood flow was measured
with the use of PET with nitrogen-13–labeled ammonia under basal conditions and during near-maximal hyperemia induced by dipyridamole (0.56 mg
per kilogram of body weight administered intravenously over a period of four minutes), as described
previously.16,28 Briefly, patients were positioned on
the couch of a three-slice PET tomograph (ECAT3,
CTI), and a five-minute rectilinear transmission
scan was recorded to facilitate positioning of the
left ventricle within the field of view of the camera.
Then, a 20-minute transmission scan was obtained
to correct the subsequent emission scans for tissue
attenuation.
For each measurement of myocardial blood flow,
a bolus of nitrogen-13–labeled ammonia (0.25 mCi
per kilogram) was injected intravenously over a period of 15 to 20 seconds and dynamic acquisition
was started simultaneously.16 Myocardial blood
flow was remeasured 50 minutes after the basal
scan had been obtained, according to the same acquisition protocol, four minutes after the end of the
dipyridamole infusion.
Absolute regional myocardial blood flow was
calculated in milliliters per minute per gram of tissue as described previously.16 The average flow
value for the entire left ventricle was obtained by
drawing a region of interest that encompassed the
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Table 1. Base-Line Characteristics of the Patients at the Time of Positron-Emission Tomography (PET), According to the Level of Myocardial
Blood Flow (MBF) after Dipyridamole Infusion.*

All Patients
(N=51)

Characteristic

Lowest MBF
(0.59–1.11
ml/min/g)
(N=18)

Middle MBF
(1.13–1.57
ml/min/g)
(N=16)

Highest MBF
(1.62–3.77
ml/min/g)
(N=17)

P Value
0.10

Age — yr

44±13

48±12

39±14

43±13

Duration of follow-up after PET — yr

8.1±2.1

7.5±2.0

7.9±2.1

8.8±2.1

0.18

Male sex — no. (%)

36 (71)

17 (94)

12 (75)

7 (41)

0.002

17 (33)

7 (39)

6 (37)

4 (24)

0.57

8 (16)

3 (17)

2 (12)

3 (18)

0.83

30 (59)

10 (56)

12 (75)

8 (47)
9 (53)

Family history — no. (%)
Hypertrophic cardiomyopathy
Sudden death from cardiac causes
NYHA functional class — no. (%)
I
II

0.25
21 (41)

8 (44)

4 (25)

Angina — no. (%)

14 (27)

5 (28)

2 (12)

7 (41)

0.18

Syncope — no. (%)

9 (18)

4 (22)

1 (6)

4 (24)

0.35

6 (12)

5 (28)

1 (6)

0

0.03

10 (20)

3 (17)

5 (31)

2 (12)

0.34

Paroxysmal or chronic atrial fibrillation — no. (%)
Unsustained ventricular tachycardia on Holter
ECG — no. (%)
Echocardiographic findings
Left atrial dimension — mm

39±7

41±9

36±5

39±7

0.10

LV end-diastolic dimension — mm

44±5

47±5

43±5

42±5

0.04

LV end-systolic dimension — mm

27±6

31±5

26±4

24±5

0.001

LV fractional shortening — %

38±10

33±10

41±8

42±9

0.01

Maximal LV thickness — mm

22±5

22±5

22±6

22±5

0.95

Basal LV obstruction (≥30
mm Hg) — no. (%)

8 (16)

1 (6)

2 (12)

5 (29)

0.13

Medical treatment — no. (%)

38 (74)

18 (100)

7 (44)

13 (76)

0.01

6 (12)

4 (22)

1 (6)

1 (6)

0.23

Beta-blockers

20 (39)

10 (56)

4 (25)

6 (35)

0.17

Verapamil or diltiazem

21 (41)

8 (44)

5 (31)

8 (47)

0.61

3 (6)

3 (17)

0

0

0.05

1 (2)

1 (6)

0

0

Class III antiarrhythmic agents

ACE inhibitors, diuretics, or both
LV myotomy–myectomy — no. (%)
LV percutaneous septal ablation — no. (%)

1 (6)

1 (6)

1.0

0.84±0.32

0.64±0.17

0.80±0.21

1.08±0.36

<0.001

Interventricular septum

1.02±0.41

0.79±0.28

0.96±0.24

1.33±0.48

<0.001

LV free wall

0.78±0.33

0.63±0.21

0.75±0.29

0.95±0.39

0.01

Basal MBF — ml/min/g

MBF after dipyridamole infusion — ml/min/g

2 (4)

0

1.50±0.69

0.89±0.16

1.36±0.13

2.28±0.61

<0.001†

Interventricular septum

1.69±0.77

1.06±0.27

1.55±0.26

2.49±0.76

<0.001†

LV free wall

1.47±0.69

0.92±0.25

1.34±0.27

2.18±0.69

<0.001†

1.84±0.67

1.47±0.42

1.79±0.43

2.28±0.83

0.001

Coronary vasodilator reserve‡
Difference between septal and free-wall MBF —
ml/min/g
At base line

0.25±0.20

0.15±0.11

0.21±0.12

0.38±0.26

0.001

After dipyridamole

0.38±0.42

0.22±0.17

0.30±0.24

0.61±0.60

0.01

* Plus–minus values are means ±SD. NYHA denotes New York Heart Association, ECG electrocardiography, LV left ventricular, and ACE angiotensin-converting enzyme. P values were calculated with the use of the chi-square test across the three groups.
† The significant difference was part of the study design.
‡ The coronary vasodilator reserve was calculated as the mean MBF after dipyridamole infusion divided by the basal MBF.
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entire left ventricle on a transaxial PET slice. Coronary vasodilator reserve was calculated as the ratio
of myocardial blood flow after dipyridamole infusion to basal myocardial blood flow.
The study protocol was approved by the research
ethics committee at each institution, and written informed consent was obtained from each patient and
control subject. The scans were obtained and analyzed in a blinded manner by physicians with expertise in nuclear cardiology. The results of the scans
were eventually made available to the patients’ physicians, although no decision regarding treatment
was based on these results.
follow-up strategy

Patients were prospectively followed for an average of 8.1±2.1 years (range, 2.2 to 11.1) after PET
to assess the long-term prognostic value of studies
of myocardial blood flow. There was no prespecified cutoff value for myocardial blood flow. The follow-up protocol and chosen end points were the
same ones that are used for the entire cohort of
patients with hypertrophic cardiomyopathy who
are followed at our institutions, as previously described.11-14,30 Patients were followed at yearly intervals or more often if required, with clinical and
echocardiographic examinations, 12-lead electrocardiography, and 24- to 48-hour ambulatory electrocardiography.12 In the case of an acute cardiac
event, the patient was admitted to one of the two
institutions. Patients who had not been seen for
one year were contacted by telephone by a research
nurse. Causes of death were determined by autopsy
whenever possible or by interviewing the patients’
relatives and physicians.
At the time of the PET study and during followup, standard medical treatment was used to control symptoms, left ventricular outflow obstruction,
supraventricular arrhythmias, or recurrent nonsustained ventricular tachycardia.12 Implantable cardioverter–defibrillators have been used at our facilities since 1992 for the prevention of sudden death
in patients with hypertrophic cardiomyopathy.15
echocardiographic studies

All patients underwent base-line echocardiography at the time of PET. Standard M-mode measurements were obtained in the parasternal long- and
short-axis views.31 The peak instantaneous left ventricular outflow tract gradient was estimated under
basal conditions with the use of continuous-wave
Doppler echocardiography.32
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assessment of outcome

Two end points were assessed. One was death from
cardiovascular causes, defined as death due to hypertrophic cardiomyopathy–related heart failure (occurring in the context of cardiac decompensation
and a progressive course of disease, particularly one
complicated by pulmonary edema or progression
to end-stage disease), sudden and unexpected death
(including cardiac arrest with resuscitation after
cardiac arrest), and ischemic stroke.13 The second
end point, defined as an unfavorable outcome, was
a combined end point that included death from
cardiovascular causes, progression to severe functional limitation (NYHA class III or IV), and sustained, life-threatening ventricular arrhythmias
requiring the implantation of a cardioverter–defibrillator. Events were adjudicated by the two senior
cardiologists who were directly responsible for the
care of all study patients.
statistical analysis

Data are expressed as means ±SD. An unpaired
Student’s t-test or one-way analysis of variance
was used for the comparison of normally distributed data. Fisher’s exact test was used to compare
noncontinuous variables expressed as proportions.
Relative hazards and 95 percent confidence intervals were calculated with the use of univariate and
multivariate Cox proportional-hazards regression
models.
For multivariate analyses of survival, patients
were divided into three equal groups with increasing values of myocardial blood flow after dipyridamole infusion (cutoff values for these groups were
0.59 to 1.11, 1.13 to 1.57, and 1.62 to 3.77 ml per
minute per gram). The relation of this ordinal variable to the outcome was assessed in an age-adjusted manner. Multivariate analyses were performed
with the use of a stepwise forward regression model, with an entry probability for each variable set
at 0.05.
Survival curves were constructed according to
the Kaplan–Meier method. In the analysis of death
from cardiovascular causes, other causes of death
were censored. A receiver-operating-characteristic
curve was used to identify the optimal threshold value for myocardial blood flow after dipyridamole
infusion.
All reported P values are two-sided; a P value of
less than 0.05 was considered to indicate statistical
significance. No interim analyses were performed
during follow-up.
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results

clinical course and outcome

No patient was lost to follow-up, and the condition of 35 patients (69 percent) remained stable,
in NYHA class I or II with a benign clinical course.
By contrast, 16 patients (31 percent) had an unfavorable outcome: 9 died from cardiovascular causes
(sudden death in 5 and heart failure or stroke in 4),
recurrent sustained ventricular tachycardia developed in 1 and required the implantation of a carn engl j med 349;11

5

Myocardial Blood Flow (ml/min/g)

Under basal conditions, myocardial blood flow did
not differ significantly between patients and control subjects (0.84±0.31 and 1.00±0.23 ml per minute per gram, respectively; P=0.10). By contrast, the
response of myocardial blood flow to dipyridamole
infusion was severely blunted in patients with hypertrophic cardiomyopathy, as compared with the control subjects (1.50±0.69 and 2.71±0.94 ml per minute per gram, respectively; P<0.001) (Fig. 1); among
the patients, the extent of impairment was similar
in the interventricular septum and the left ventricular free wall (Table 1). The coronary vasodilator reserve was also smaller in the patients (1.8±0.7, as
compared with 2.7±0.9 in the controls; P<0.001).
There was no significant difference in myocardial
blood flow after dipyridamole infusion between patients with angina and those without angina or between those with left ventricular outflow obstruction
(peak outflow gradient, 30 mm Hg or greater) and
those without obstruction. No relation was found
between the maximal left ventricular thickness and
myocardial blood flow after dipyridamole infusion
(R2 =0.03, P=0.23).
Patients in the lowest of the three categories of
myocardial blood flow after dipyridamole infusion
(0.59 to 1.11 ml per minute per gram) were significantly more likely to be male, to have atrial fibrillation, and to have received medical treatment, and
on average, they had larger end-systolic and enddiastolic dimensions and less fractional shortening than the patients in the other two categories of
blood flow, but the three groups had otherwise similar base-line characteristics (Table 1). Specifically,
the proportion of patients who were receiving pharmacologic agents with potential anti-ischemic properties — that is, beta-blockers and calcium-channel blockers — was similar in each category of flow
after dipyridamole infusion, both at the time of PET
and during follow-up (overall P value >0.1 for all
comparisons) (Table 1).

Patients with
a Favorable
Outcome
(N=35)

Control
Subjects
(N=12)

myocardial blood flow

Patients with
an Unfavorable
Outcome
(N=16)

4

3

2

1

0

Basal

Dipyridamole

Basal

Dipyridamole

Basal

Dipyridamole

Figure 1. Myocardial Blood Flow under Resting (Basal) Conditions and after
Dipyridamole Infusion in the 12 Control Subjects, the 35 Patients with a Favorable Clinical Outcome, and the 16 Patients with an Unfavorable Outcome.
Values are the average of the entire left ventricle. Vertical bars indicate mean
(±SD) values for each group.

Table 2. Outcome among the 51 Patients Overall and According to Myocardial
Blood Flow (MBF) after Dipyridamole Infusion.*

Outcome

Lowest
Middle
Highest
MBF
MBF
MBF
All
(0.59–1.11 (1.13–1.57 (1.62–3.77
Patients ml/min/g) ml/min/g) ml/min/g)
(N=51) (N=18)
(N=16)
(N=17)
no. of patients (%)

Unfavorable outcome*

16 (31)

12 (67)

1 (6)

3 (18)

Progression to NYHA class III
or IV†

6 (12)

4 (22)

1 (6)

1 (6)

Implantation of cardioverter–
defibrillator for primary
prevention

1 (2)

1 (6)

0

0

Death from cardiovascular causes
Sudden death (or resuscitation after cardiac arrest)
Heart failure or stroke-related

9 (18)
5

7 (39)
3

0
0

2 (12)
2

4

4

0

0

Death from noncardiac causes

2 (4)

0

1 (6)

1 (6)

* An unfavorable outcome was defined as progression to NYHA class III or IV,
life-threatening ventricular arrhythmias requiring the implantation of a cardioverter–defibrillator, or death from cardiovascular causes.
† NYHA denotes New York Heart Association.
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dioverter–defibrillator, and 6 had progression to
NYHA functional class III or IV (including 1 patient
in whom typical restrictive end-stage features of hypertrophic cardiomyopathy developed) (Table 2).
These end points occurred 2.2 to 9.1 years after PET
(average, 5.5±2.3).

a more severely blunted response of myocardial
blood flow to dipyridamole infusion (Fig. 1). An ageadjusted univariate survival analysis showed that
myocardial blood flow values under basal conditions and after dipyridamole infusion were inversely
related to the risk of death from any cause, death
from cardiovascular causes, and an unfavorable outrelevance of myocardial blood flow
come (Table 3); myocardial blood flow after dipyridto clinical outcome
amole infusion showed the strongest association
As compared with patients who had a benign clin- with each end point.
ical course, those with an unfavorable outcome had
Multivariate analysis showed that the myocarTable 3. Results of Univariate Cox Regression Analyses of the Relation between Myocardial Blood Flow (MBF) Values and Clinical Outcome,
Adjusted for Age.*
Variable

Death from
Cardiovascular Causes

Death from Any Cause

Unfavorable Outcome†

Relative Hazard
(95% CI)

P Value

Relative Hazard
(95% CI)

P Value

Mean basal MBF (per unit increase)

0.02 (0.0005–0.90)

0.04

0.01 (0.0001–0.43)

0.02

0.005 (0.0001–0.23)

0.006

Mean MBF after dipyridamole infusion (per
unit increase)

0.14 (0.03–0.86)

0.03

0.02 (0.0001–0.48)

0.02

0.02 (0.002–0.23)

0.002

Coronary vasodilator reserve (per unit
increase)

0.66 (0.26–1.69)

0.33

0.47 (0.12–1.62)

0.17

0.38 (0.14–1.01)

0.05

Difference between septal and free-wall MBF
(per unit increase)
At base line
0.15 (0.002–5.15)
After dipyridamole infusion
0.43 (0.08–2.33)

0.38
0.32

0.003 (<0.0001–1.68)
0.64 (0.0007–5.42)

0.09
0.24

Relative Hazard
(95% CI)

0.001 (<0.0001–0.20)
0.17 (0.01–2.06)

P Value

0.01
0.16

* All models were adjusted for age as a stratification factor. Patients were divided into three equal groups on the basis of age. The age cutoffs
for the three groups were 19 to 36, 37 to 50, and 51 to 74 years. CI denotes confidence interval.
† An unfavorable outcome was defined as progression to New York Heart Association class III or IV, life-threatening ventricular arrhythmias requiring the implantation of a cardioverter–defibrillator, or death from cardiovascular causes.

Table 4. Results of the Multivariate Cox Regression Analyses Assessing the Relation between Base-Line Clinical Variables and Outcome,
Adjusted for Age.*

Death from Any Cause

Death from
Cardiovascular
Causes

Relative Hazard
P Value
(95% CI)

Relative Hazard
(95% CI)
P Value

0.36 (0.15–0.89)

0.03

0.14 (0.03–0.78)

0.02

LV obstruction ≥30 mm Hg

—

0.15

—

0.25

13.80 (1.49–128.10) 0.02

Maximal LV thickness ≥30 mm

—

0.13

—

0.10

15.67 (0.92–266.09) 0.06

NYHA class (II vs. I)

—

0.28

—

0.57

4.63 (0.90–23.91)

0.07

Atrial fibrillation

—

0.83

—

0.89

—

0.84

Variable

Level of mean MBF after dipyridamole infusion
(lowest to highest)

Unfavorable
Outcome†
Relative Hazard
(95% CI)

P Value

0.081 (0.023–0.41)

0.002

* All models were adjusted for age as a stratification factor. Patients were divided into three equal groups on the basis of age. The age cutoffs
for the three groups were 19 to 36, 37 to 50, and 51 to 74 years. CI denotes confidence interval, MBF myocardial blood flow, LV left ventricular,
and NYHA New York Heart Association. Dashes denote variables that were removed from the final model, and the corresponding P values denote the level of significance that led to their exclusion.
† An unfavorable outcome was defined as progression to NYHA class III or IV, life-threatening ventricular arrhythmias requiring the implantation of a cardioverter–defibrillator, or death from cardiovascular causes.
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discussion
Our principal finding is that the severity of coronary microvascular dysfunction, assessed by PET,
is an independent predictor of long-term clinical
deterioration and death from cardiovascular causes in patients with hypertrophic cardiomyopathy.
Microvascular dysfunction is a common feature of
hypertrophic cardiomyopathy16-19,27-29 and reflects
the interplay of a variety of mechanisms, including
reduced arteriolar density, fibrosis, myocyte disarray, and elevated left ventricular end-diastolic pressure.3-5,24,25 Moreover, structural abnormalities of
small vessels have been described in patients with
hypertrophic cardiomyopathy and are thought to
represent a primary abnormality.3 The failure of myocardial blood flow to increase adequately on demand in patients with hypertrophic cardiomyopathy is clinically relevant in that it predisposes them
to myocardial ischemia, which in turn, has been implicated in the pathogenesis of syncope, an abnormal blood-pressure response to exercise, left ventricular systolic dysfunction, and sudden death.1,7,20-22
In agreement with prior investigations,16-19,27,33
our study showed that most patients with hypertrophic cardiomyopathy had various degrees of impairment in myocardial blood flow in response to
dipyridamole infusion. During an average follow-

n engl j med 349;11

A
MBF, 1.62–3.77
MBF, 1.13–1.57

Cumulative Survival (%)

100
80

MBF, 0.59–1.11
60
40
20
P<0.005
0
0

2

4

6

8

14
13
14

10
11
13

Follow-up (yr)
No. at Risk
MBF, 0.59–1.11
MBF, 1.13–1.57
MBF, 1.62–3.77

18
16
17

16
15
16

B
MBF, 1.13–1.57

100

Cumulative Survival Free from
an Unfavorable Outcome (%)

dial blood flow after dipyridamole infusion was the
only independent predictor of death and the most
potent predictor of an unfavorable outcome (Table
4). Specifically, patients in the group with the lowest myocardial blood flow after dipyridamole infusion had a markedly increased likelihood of both
death from cardiovascular causes and an unfavorable outcome (Fig. 2). The relative risk associated
with the lowest myocardial blood flow, as compared
with the two higher categories, on age-adjusted
multivariate analysis was 9.6 with respect to death
from cardiovascular causes (95 percent confidence
interval, 1.1 to 88.4; P=0.02) and 20.1 with respect
to an unfavorable outcome (95 percent confidence
interval, 2.4 to 167.8; P=0.003). All four patients
who subsequently died from heart failure or stroke
and three of five who died suddenly were in the
lowest category (Table 2). Analysis of the receiver-operating-characteristic curve identified a myocardial blood flow value of 1.1 ml per minute per
gram or less after dipyridamole infusion as the best
threshold for the identification of patients at risk
for an unfavorable outcome.

MBF, 1.62–3.77
80
60

MBF, 0.59–1.11

40
20
P<0.001
0
0

2

4

6

8

14
13
14

9
11
13

Follow-up (yr)
No. at Risk
MBF, 0.59–1.11
MBF, 1.13–1.57
MBF, 1.62–3.77

18
16
17

16
14
16

Figure 2. Myocardial Blood Flow (MBF) Values after Dipyridamole Infusion
and Long-Term Prognosis.
Patients were divided into three equal groups according to MBF after dipyridamole infusion. Panel A shows overall cumulative suvival, and Panel B cumulative survival free from an unfavorable outcome.

up of more than eight years, 31 percent of the patients died or had a severe deterioration in their condition: both end points were significantly associated
with a low value for myocardial blood flow after
dipyridamole infusion. Age-adjusted multivariate
analysis showed that the myocardial blood flow
after dipyridamole infusion was the most powerful
independent predictor of the outcome in our cohort. Patients in the group with the lowest myocardial blood flow appeared to be at particularly high
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risk, with an independent increase in the risk of
death from cardiovascular causes that was almost
10 times as high as that in the other two groups. It
was noteworthy that all four deaths from heart failure and three of the five sudden deaths were in this
subgroup. Such an adverse outcome could hardly
have been predicted on the basis of the base-line
clinical characteristics of our patients, since none
had severe symptoms at the time of PET and only
a few would have been considered at high risk on
the basis of the established indicators of outcome.1,2,8-11,14 Nevertheless, substantial microvascular dysfunction could already be demonstrated
several years before clinical progression in most of
the patients who subsequently had a deterioration
in their condition or died. It is worth emphasizing
that no event occurred during the first two years of
follow-up and that the average time to an end point
exceeded five years.
Myocardial ischemia is difficult to evaluate in
patients with hypertrophic cardiomyopathy, and
its effect on the prognosis has often been surmised.1,24-26 Our demonstration of blunted myocardial blood flow after dipyridamole infusion is
not itself a proof of myocardial ischemia, unlike
the documentation of lactate production in the
coronary sinus or of typical electrocardiographic
changes.21,24 Nevertheless, dipyridamole infusion
elicits electrocardiographic signs of myocardial ischemia in patients with hypertrophic cardiomyopathy, which can be used to identify patients at
increased risk for cardiac events.21 This finding
suggests that the failure of myocardial blood flow
to increase predisposes patients with hypertrophic cardiomyopathy to myocardial ischemia in the
presence of triggers that abruptly increase oxygen
consumption22,29 and may explain the ominous effects of atrial fibrillation with rapid ventricular response,30,31 as well as the frequent occurrence of
an abnormal response of blood pressure to exercise
in these patients.22
Although drug treatment may have some ben-
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eficial effect on microvascular dysfunction28 and
silent ischemia29 in patients with hypertrophic cardiomyopathy, we believe our results are largely independent of therapy. The proportion of patients
who received pharmacologic agents with potential anti-ischemic properties — that is, beta-blockers and calcium-channel blockers — did not differ
significantly among the three groups with different
levels of myocardial blood flow after dipyridamole
infusion. Furthermore, none of these pharmacologic agents are known to alter the progression or outcome of hypertrophic cardiomyopathy.
The small size of our cohort is one reason to exercise caution in extrapolating these results to the
broad spectrum of hypertrophic cardiomyopathy.
PET is a highly sophisticated technique with limited availability, and its use in cardiology is virtually
confined to research purposes. Therefore, sample
size has been a constant limitation of PET studies.
Nevertheless, we were able to obtain meaningful
data through the use of a very extended follow-up
and to provide a rationale for the clinical use of PET
in large populations of patients with hypertrophic
cardiomyopathy.
Finally, our findings may have implications for
patients with cardiomyopathy from other causes.
Indeed, a smaller degree of microvascular dysfunction has been documented in patients with left ventricular hypertrophy due to pressure overload.33,34
Furthermore, an impaired response of myocardial
blood flow to dipyridamole has been shown to be
associated with a poor prognosis in patients with
idiopathic dilated cardiomyopathy.35 Thus, our findings support the hypothesis that microvascular dysfunction may represent a common pathway leading
to disease progression in different cardiomyopathies,36 including conditions as prevalent as aortic
stenosis and hypertensive heart disease.
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