Relation between left ventricular gradient and relative
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suMMARY Hypertrophic cardiomyopathy is characterised by hyperkinetic left ventricular function,
but the effect of an outflow tract gradient on the haemodynamics of ejection remains controversial.
To determine the functional importance of left ventricular gradients in hypertrophic cardiomyopathy technetium-99m gated equilibrium radionuclide angiography was performed in 18
normal subjects and 57 patients, 26 with and 31 without left ventricular gradients. Time activity
curves were generated from list mode data, and the proportion of stroke volume ejected during
various phases of systole was computed. The proportion of stroke volume ejected during the initial
third, the initial 50%, and the initial 80)/o of systole was greater in patients with hypertrophic
cardiomyopathy than in normal subjects but was identical in patients with and without left ventricular gradients. The duration of systole was similar in the three groups. These findings favour the
interpretation that a left ventricular gradient does not represent true obstruction and are consistent
with previous observations that clinical features and prognostic indicators do not relate to gradients
in this disease.

The haemodynamics of left ventricular ejection in
hypertrophic cardiomyopathy have been extensively
investigated.'-7 Left ventricular outflow gradients
have been noted and considered to be the primary
haemodynaniic abnormality in this disease.89 The
clinical relevance of such gradients has subsequently
been questioned,'0-'3 particularly because they do
not relate to symptoms,9 14 arrhythmia,'5 16or sudden
death.16-21 Though the characteristics of left ventricular ejection have been documented in patients
with gradients, much less information is available for
those without gradients. We therefore measured the
proportion of left ventricular stroke volume ejected
during early and late systole in patients with hyper-

trophic cardiomyopathy with and without a left ventricular gradient, using high temporal resolution time
activity curves from gated radionuclide angiography.
Patients and methods

Fifty seven (31 men and 26 women) patients with
hypertrophic cardiomyopathy were studied. They
were aged 13 to 70 (mean (SD) 39(12)) years. The
study population consisted of consecutive patients
who showed sinus rhythm without left bundle branch
block or significant mitral regurgitation. None had
undergone previous surgery. The diagnosis of hypertropic cardiomyopathy was based on echocardiographic22 or clinical8 and angiographic evidence of
Requests for reprints to Dr W J McKenna, Division of Cardiovascuunexplained left ventricular hypertrophy.23
lar Disease, Royal Postgraduate Medical School, Du Cane Road,
Cardiac catheterisation had been performed within
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dient from left ventricle to aorta was obtained from
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simultaneous pressure recordings with a 7F Millar
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Table 1 Clinical and echocardiographic features in 57 patients with hypertrophic cardiomyopathy. Values are
numbers (%/6) of patients except where indicated
Patiens ith a gradient
(n=26)
Mean (SD) age (yr)
Mean (SD) duration of symptoms (yr)
Family history of hypertrophic cardiomyopathy
and sudden death
Dyspnoea:
Mild to moderate
Severe

41 (12)
11-8 (7)
10 (39)
25 (96)
1 (4)
18 (69)
14 (54)
8 (30)
9 (39)t
12 (52)t
2 (9)t
23 (6)

Patients without a gradient

(n=31)
43 (13)
7-4 (8)
7 (23)

31 (100)

Chest pain
18 (58)
Syncope
19 (61)
Ventricular tachycardia*
7 (23)
Asymmetrical septal hypertrophy
20 (71)t
Symmetrical hypertrophy
7 (25)t
Distal hypertrophy
1 (4)t
Mean (SD) thickest myocardial segment (mm)
22 (4)
*Ventricular tachycardia dunng ambulatory electrocardiographic monitoring defined as three or more consecutive ventricular extrasystoles
with mean rate greater than 120 beats/minute.
tAdequate electrocardiographic recordings obtained in 23 patients with and 28 patients without left ventricular gradients.
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National Institutes of Health catheters (7F or 8F). limator oriented in a 450 left anterior oblique projecThe tip of the left ventricular catheter was positioned tion with caudal tilt to delineate maximally the vento prevent entrapment as a cause of spurious gra- tricular septum. Data were acquired in list mode from
dients. Left ventricular end diastolic volumes were 600 to 900 consecutive cardiac cycles and were stored
calculated from contrast angiograms as previously on a computer (A2 multiterminal, Medical Data Sysdescribed.24 Eight (14%) patients had a gradient at tems) for subsequent analysis. An RR interval histogrest of 30-65 (mean (SD) 42 (9)) mm Hg (group 1). A ram was generated, and complexes falling outside an
gradient of 30-240 (106 (28)) mm Hg was present in operator selected range (plus or minus 200/o from the
18 patients (32%) (group 2) after provocation with mean RR interval) were rejected. A background coramyl nitrate inhalation6 or the Valsalva manoeuvre7; rected left ventricular time activity curve was then
none of these patients had a gradient of more than 30
constructed from the remaining complexes at a frame
mm Hg at rest. Thirty one (54%) patients did not
rate of 15 ms/frame.26 The change in left ventricular
have a gradient at rest or after provocation (group 3). counts during the cardiac cycle approximated changes
The left ventricular end diastolic pressure was 5-34 in volume27; however, knowledge of absolute left ven(20 (5)) mm Hg and was similar in all three groups. tricular volume was not assumed. Each background
Coronary arteriography was performed in 12 patients corrected curve was smoothed using a five point least
aged 40 years or more; none had significant stenoses squares smoothing algorithm.28 Left ventricular ejecof epicardial coronary arteries. Table 1 shows the clin- tion fraction was calculated using a standard count
ical and echocardiographic features of the patients. based method.28 Peak ejection rate was computed in
The echocardiographic criteria for determining the left ventricular counts from the systolic portion of the
predominant pattern of left ventricular hyper- curve using a smoothing derivative formula.28 Rates
trophy-such as asymmetrical septal, distal ven- were normalised to end diastolic counts as previously
tricular, or symmetrical hypertrophy-have been described for the right ventricle and expressed as the
described previously.22 All patients underwent change from end diastolic volume per s (Fig. 1).
ambulatory electrocardiographic monitoring over 48 The systolic ejection period was calculated manually
hours while they were not receiving treatment with as the time (ms) from the maximum to the minimum
drugs.
of the systolic portion of the volume curve (Fig. 1).
Time (ms) to peak ejection rate was calculated as the
GATED RADIONUCLIDE CINEANGIOGRAPHY
interval from the maximum of the activity time curve
R wave gated equilibrium radionuclide cineangiogra- to the point of peak ejection. Blood pressure and heart
phy was performed at rest after the in vivo labelling of rate were recorded with the patient in the supine posired blood cells with 555 MBq (15 mCi) of tion at the time of radionuclide study.
technetium-99m.25 Cardioactive drugs were stopped
Calculation of the relative ejected volume during
at least 72 hours before this. Studies were recorded,
early and late systole was based on a previously
while patients were in the supine position, with a described angiographic technique.29 The systolic ejecgammacamera with a large field of view (General Election period was divided into three equal periods
tric 400 T) and medium sensitivity parallel hole col- (CO-Cl, Cl-C2, and C2-C3) and the proportion of

In

A = Stroke counts
B = Time to peak
ejection rote
C = Peak ejection rote
D = Systolic ejection
period
E = End systole
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relative volumes ejected during the first half and first
80% of the period of systolic ejection were also calculated. Similar measurements were made for comparison in 18 normal volunteers (aged 17-36 (mean 24)
years).
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Fig. 1 Schematic representation ofa left ventricular activity
time curve. End systole was ident4ied as the minimum of the
curve. Systolic ejection period was defined as the interval from
the maximum to the minimum of the curve. Peak ejection rate
was computed using a smoothing derivative formula. Time to
peak ejection rate was defined as the interval from the curve
maximum to peak ejection rate.

stroke volume counts ejected during each third of systole was expressed as a percentage of total left ventricular stroke volume (Fig. 2). The left ventricular
counts at points CO and C3 were always known.
Points Cl and C2 did not, however, always coincide
exactly with a known value; under these circumstances the nearest known value was chosen (Fig. 2).
Using a method identical to that described above, the

We had previously assessed the reproducibility of
measurements of systolic function obtained from two
separate radionucide studies performed one week to
one month apart (unpublished data). In brief, the
reproducibility of these measurements, expressed as
the mean (SD) of the absolute difference between
studies, was: ejection fraction 0-49 (4)% (range 0-8);
peak ejection rate 0.26(0.5) end diastolic volume/s
(0.03-2.23); time to peak ejection rate 4 (25) ms
(0-81); and time to end systole 10 (34) ms (0-94).
Two independent observers calculated the proportion
of stroke volume ejected during early and late systole
to determine the interobserver variability of these
measurements.
STATISTICAL METHOI)S

Data on the different groups were compared with an
unpaired t test. Normal ranges for radionucide
indices of ejection were defined by 95% confidence
intervals. Data were expressed as mean plus or minus
one standard deviation.
Results
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Fig. 2 Schematic representation of systolic portion of a high
temporal resolution activity time curve (frame rate 15 mslframe).
CO, counts at maximum of curve; C3 counts at minimum of
curve; CO-Cl,first third; Cl-C2, middle third; C2-C3,final
third. The relative change in volume (AV) was expressed as a
percentage of stroke volume during each third of the systolic
ejection period and was calculated as: AVI (first
third)=CO-CI/CO-C3 xIO0; AV2 (second
third)=CI-C21CO-C3 xlOO; AV3 (final
third) =C2-C3/CO-C3 x 100.
0

Left ventricular ejection fraction in the 57 patients
with hypertrophic cardiomyopathy ranged from 47 to
99 (74 (12))% and was above the upper limit of normal
in 24 (42%) (Table 2; Fig. 3). Normalised peak left
ventricular ejection rate ranged from 2-21 to 6.80
(3.82 (1.07)) end diastolic volume/s in patients and
was above the upper limit of normal in 19 (33%)
(Table 2; Fig. 3). Mean values for left ventricular
ejection fraction and peak left ventricular ejection rate
were significantly higher for all patients compared
with the normal subjects (ejection fraction 74 (12)% v
63 (6)% (p<0.001); peak ejection rate 3.82 (1.13) v
3*14 (0-3) end diastolic volume/s (p<0.001)). The
time to peak ejection rate was shorter (114 (31) v 136
(18) ms (p<0*01)) in patients than in the normal subjects (Table 2); the duration of the systolic ejection
period, RR intervals, and systolic and diastolic blood
pressure were similar in patients and normal subjects.
There were no significant differences in heart rate,
blood pressure, or any measurement of left ventricular ejection in patients with resting or provocable left
ventricular gradients or in those without such gradients (Table 2; Fig. 3). End diastolic volumes were
identical in each group (group 1, 134 (26) (range 80-
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Table 2 Radionuclide measurements of left ventricular ejection in normal subjects and in patients with hypertrophic cardiomyopathy
with a gradient at rest (group 1), a gradient on provocation (group 2), or no gradient (group 3)

Ejection fraction (%)
Peak ejection rate (end
diastolic volume/s)
Time to peak ejection rate (ms)
Systolic ejection period (ms)
RR interval (ms)
Systolic blood pressure
(mm Hg)
Diastolic blood pressure
(mm Hg)

Normal subjects

Patients with hypertrophic cardiomyopathy

(n=18)
Mean (SD)

Range

Group I (n=8)
Mean (SD) Range

63 (6)
3-14 (0-53)

53-75
2-64-4-09

69 (13)
3.80 (0-88)

50-83
3-26-5-14

136 (18)
298 (42)
854 (122)
125 (9)

90-184
156-369
700-1071
106-144

116 (20)
317 (69)
959 (169)
128 (11)

76-137
250-472
700-1070
103-156

75 (7)

68-90

70 (7)

56-86
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Fig. 4 Relative volumes ejected duringfirst andfinal third of
systolic ejection period in patients and normal subjects.
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74 (12)
47-99
3.80 (1-13) 2-21-6-24
113 (45)
40-224
301 (56)
165-444
934 (169)
731-1250
136 (8)
110-160

Group 2 (n= 18)
Mean (SD) Range
73 (10)
62-94
3-81 (1-1)
2-72-6-80
114 (41)
47-183
330 (80)
240-446
944 (205)
700-1200
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significantly higher in patients than in the controls
(Table 4). There were, however, no significant differences for any of these measurements in the three subgroups with hypertrophic cardiomyopathy.

0-I

Groups

Groups

Fig. 3 Ejection fraction, systolic ejection period, normalised
peak ejection rate, and time to peak ejection rate are compared in
patients with a resting gradient (group 1), with a gradient on
provocation (group 2), or without a gradient (group 3). Solid
lines indicate mean values. Dashed lines indicate upper and
lower limits of normal (95% confidence intervals).

190); group 2, 130 (24) (83-185); group 3, 137 (29)
(92-174)).
The interobserver variability of measurements of
the proportion of stroke volume ejected in early and
late systole was small (Table 3). The proportion of
stroke volume ejected during the first third (Fig. 4),
first half, and first 80% (Fig. 5) of systole was

Discussion
The present study showed that patients with hypertrophic cardiomyopathy ejected a greater proportion
of stroke volume earlier in systole and had a faster
peak rate of ejection than did normal subjects. These
findings of rapid and early ejection were similarly present in patients with and without left ventricular gradients. The non-invasive method of assessing relative
stroke volume confirmed in a large number of patients
with hypertrophic cardiomyopathy the work of
Murgo et al. 30 Using a multisensor aortic velocity flow
probe, they found that the duration of forward flow,
expressed as a percentage of total systolic ejection
period, was similar in patients with resting, provoc-
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Relation between left ventricular gradient and relative stroke volume

20 patients with hypertrophic cardiomyopathy
Mean (SD)

Range

Percentage difference
Mean (SD)

Range

3 (2)
4 (2)
2 (1)
4 (3)
7 (4)

0-8
0-9
0-4
0-11
0-16

6 (4)
12 (6)
9 (4)
6 (5)
8 (5)

0-17
0-28
0-18
0-8
0-6

Absolute difference
Relative (%) volume ejected during:
First third of systole
Middle third of systole
Final third of systole
First half of systole
First 80% of systole

Table 4 Proportion of left ventricular stroke volume ejected during early and late systole in normal subjects and in patients with
hypertrophic cardiomyopathy with a gradient at rest (group 1), a gradient on provocation (group 2), or no gradient (group 3)

Normal subjects

Group 3 (n=31)

Group I (n=8)

Group 2 (n=18)

Mean (SD)

Range

Mean (SD)

Range

Mean (SD)

Range

Mean (SD)

Range

45 (2)
32 (3)
22 (3)
65 (3)
88 (1)

41-49
28-35
19-29
59-76
85-89

51 (4)*
35 (4)
13 (5)***
71 (8)**
92 (5)**

45-56
29-40
7-19
59-74
85-98

53 (7)***
31 (4)
15 (5)***
73 (11)**
91 (3)***

42-67
23-40

54 (7)***
31 (5)
14 (4)***
71 (8)*
91 (4)***

39-75

(n=18)

Portion of systole:
First third
Middle third
Last third
First half
First 8OY/o

Patients with hypertrophic cardiomyopathy

6-22

55-81
87-97

18-39

5-26
61-95
84-100

*p<001; **p<0-05; ***p<0.001, in comparison with normal subjects.
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tricular ejection time.9 33-41 In two studies (85
patients) a higher rate of pressure change was found in
the aorta30 and brachial artery9 of patients than those
of normal subjects; these abnormalities were not
associated with left ventricular gradients. Many
studies show a prolongation of left ventricular ejection
time in patients with hypertrophic cardiomyopathy9 33-41; in three of four studies, however, in
which the relation between left ventricular ejection
time and the magnitude of outflow gradients was
assessed, a poor correlation was found.9 38 41
Although there appeared to be a relation in the study
by Wigle et al,37 a correlation coefficient was not presented. We have retrospectively reanalysed the data
that were presented; there was a weak positive correlation (r=0*51) between left ventricular ejection time
corrected for heart rate and the magnitude of the left
ventricular gradient. Studies with transcutaneous
Doppler42-44 or electromagnetic45 velocity flow
probes placed on the carotid artery,42 aorta,43 or
brachial artery4445 have shown rapid early systolic
flow followed by an abrupt decrease in mid systole
with a reduced late systolic flow wave. Only qualitative data on flow patterns have been provided by these
techniques, the number of patients observed has been
small, and a distinction between antegrade and
retrograde flow could not always be made. Furthermore, flow patterns were not compared in an appreciable number of patients with and without left ventricular gradients.
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Table 3 Interobserver variability ofradionuclide measurements ofproportion of stroke volume ejected during early and late systole in
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Relation between left ventricular gradient and relative stroke volume
Indices of systolic function are critically depen- tachycardia was associated with left ventricular gradent on conditions of preload and afterload.46 In our dients.'5 16 Electrocardiographic evidence of left venstudy heart rate and systolic and diastolic blood pres- tricular hypertrophy was equally common in patients
with and without gradients.6' -63 Furthermore, progsure were similar in patients with and without left
ventricular gradients and in the normal subjects. Dif- ression of electrocardiographic indices of hyperferences in end diastolic volume could explain the trophy was not influenced by the presence of a left
observed differences in the proportion of stroke vol- ventricular gradient.63 Finally, the relation between
gradient and sudden death has been evaluated in five
ume ejected during early and late systole between
patients and normal subjects. End diastolic volume, studies and a total of 532 patients, of whom 93 died
however, was similar in all patients with resting, suddenly.'7-2' A relation between gradient and sudlabile, and no gradients and was within a previously den death could not be shown in any of the five series.
Combined myotomy and myectomy clearly
determined normal range for angiographic measureimproves symptoms in most patients.f4 The fact that
ments of end diastolic volume.4748
The radionuclide technique has several advantages operation also decreases systolic gradients does not
necessarily indicate that this is the mechanism of
over conventional approaches for assessing systolic
function. The technique is free from geometric symptomatic improvement. Abnormalities of diastolic
assumptions, a major advantage in a disease in which filling are common,65" occur independently of
left ventricular geometry may be extremely complex. abnormalities of ejection,7374 are associated with
The radionuclide indices are based on averaged other indicators of poor prognosis,24 75 and are predicvalues from several hundred complexes (in contrast, tive of subsequent sudden death in some patients.24
left ventricular gradients are conventionally measured The excellent surgical results reported by some
from a small number of complexes), and the techni- centres6476 may be unrelated to "relief of obstruction," and in this regard the effect of combined
que avoids haemodynamic alterations associated with
the use of contrast and the technical difficulties of myotomy and myectomy on left ventricular diastolic
measurement of flow or velocity. In addition, an filling requires evaluation.
excellent correlation between the relative changes in
volume during the systolic ejection period measured WJM was supported by a grant from the British Heart
has been found by others from high temporal resolu- Foundation.
tion radionuclide activity time curves and by an electromagnetic flowmeter in the baboon.49
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