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Subaortle ubstruction is an huponau dmnnlnanl of she clinical
p of and therapeuti: approach to patients wiih hvper-
of the presemee

trophic cardiomyopathy. Thercfore,

and rasgnitude of the intravenixicular pressure gradient is para-
mount In the clinical evaluation of these patients, Ta estanlizh the
utitity of continuous wave Doppler echocardiography in = sessing
thie pressure gradienl in hyperiruphic cardiomyogathy, 28 pa-
tlents reprzsumng the Wldc l\em'xd-'uamlr spezirm of !h.is disease
underwent si of the subaortic gradient
by continuous wave Dopoler ulrasound and cardiac catheteriza-
[~}

With use of the modified Beraoulll eguation, the Doppler-
estirsated gradient showed a strong correlation +ith the maximal
instamtaneous pressure difference measnred at catheterization,
both under basal coaditicns (r = 0.53; p < 0.0001) and during
provocative mancuvers (r = (.8% p < 0.9001). In 26 of ihe 28
patients, all assessments of the subaortic gradient were in agree.
ment within 15 mm Hg taverage difference 5 = 3 mm Hg). In the

other two patients there were substantial dlfferences between these
megsurements (under besal conditions in one pstient and after
provocation In anuther), sithovgh the Deppler technique pre-
dicted the Dresence of uurlsed subaortic obsiruction In each. In
bath parisnis the was due o sup

sition of the iuitral rq-mimu siyul on that of left vemﬁcuhr
ufivw.

Doppler wavelorms from the left vemtriculsr outfow tract
shuwed varizbilily in comlour amowg different patients and in
indivigual pztiencs. Hewce, wave Doppler %
raphy is 2 useful methed for ting the
gradient in patients with hypertrophic urdmgnpdiq However,
technical factors such x5 comtamination of the outlow trart jet
with that of niml regurgitation and vnmbiilv in waveform

A substantial proportion of patients witls hypertrophic car-
diomyopathy demonstrate & left ventricular outlow iract
pressure gradient under basal conditions or with provecative
s (1.2}, Such subaortic gradients are characteristi-

cally dypamic and produced by mid-sysiclic contact be-
iween the mitral vaive and ventricular septum ¢2-7). Marked
Jevation in left ventricular systofic p due to cutilow
ohstruction may be an important determinant of symptoms.
and clinical cowrse (2,8). Furthermore, the magnitode of the
subzortic gradient may show important lability and change
etiher sp ly or after th ic interventions, such
as drug treatment or operation (1,2.9~12). Conseqguetily,
identification apd serial assessment of the outflow gradient
may be o important facet of the longitudinal evaluasion of
patients with hyperirophic casdiomyopatiy. To obviate per-
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P of the

subaortic grudwul
(4 Am Coll Cardiol §992;1991-9)
forming serial i cardiee < for this pur-

pose. it is desirable ta acquirc a noninvasive and easily
accessible capability for reliably estimating the subaortic
gradient in patients with this Jisease.

Continuous wave Doppler echocardiography has
achieved viidespread application for the noninvasive estima-
tion of gradienls in patienis with valvular head disease
(13-16). This technique has also been ass¢ssed in hyper-
trapkic cardiomyopathy, although 1hvs far studics heve been
restricied 10 4 small number of patients (17) and selected
investigaticns performed in the operating rocm {18), There-
fore, the present study was undertaken in a sizable group of
patients with hypertrophic carriiomyopathy demonstrating a
wide range of gradients d at cardiac
to invesigate the uuhty and .|muauons of continuons wave
Dappler ul in the noni ve of the
subaortic gradient in this disease.

zation

Methods

Selection of patients, From January to May 1988, 56
patients who bad not had surgery were admitted to the

aTI5-109719281.50
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Cardiology Branch. National Heart, Lung, and Blood Insti-
lu:e, for evaluation of hypertrophic cardiomyopathy and
cardiac catheterization, Before cardiac catheterization, com-
plete cchocardlographxc s[udles were ptrfarmed in each
patient. This wave Dop-
pler interrogation for vhe purpose of identifying peal: left
ventricular outflow iract vefocity {and estimating the subaor-
tic gradient), ns well as prospectively determining she opli-
mal transducer position and angulation mecessary to achicve
definition of this signal in advance of the catheterizaiuon
study.

In 9 of the 56 patients the Doppler examinativr. did ot
yield a lefl ventricular outflow tract signal of sifcient
technical quality and these patisnts were excluded. The
remaining 47 patienls underwent simullaneous continuous
wave Doppler studies and intracardiac pressuse measure-
ments in the catheterization | sboratory. However. in 19 of
these 17 patienis, although Doppier interrogation di outflow
velocities in the echocardiography laboratory had yielded a
satisfactory sngnal lhe Daopptler examination obained during
cardiac cath was y largely because of
restrictions of the catheterization procedure itself, that s,
inability to adequately modify the patient's body position on
the catheterization table te permit proper identification of
the lefi ventricu®ar outfiow tract signal. Usually this involved
patientx who cauld not be readily placed in the left lateral
decubitus position during the catheieriz2tion procedure and
in whom a technicaily adequate Doppler study could not be
achieved in the supine position. Consequently, the remain-
mg 28 patients who undemenl Aardlac calhelenz.]'lcn with

and i wave
Doppler examination constitue the present study group.

Charecierization of patients. The diagnesis of hyper-
trophic cardiomyopathy was confirmed in each of the 28
patients by the echocardiographic demonstration of a hyper-
trophicd nondilated lef ventricle in the absence of any other
cardiac Or systemic disease that could itself prodice the
maghitude of left ventricular hypertrophy observed {19}
Study patienis ranged in age from 18 fo 72 years (mean 43):
17 (§0%) were male. In each patient cardioactive medica-
tions were withdrawn al least 3 days before tf. : catheteriza.
tinn yudy, All patients had normal sinus rhythm at the time
of cardiac catheterization. Patients gave informed consent
for all procedures.

Echscardiography. Echocardiegrarhic examinations
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tricutar free walls 122). Tie presence and extent of lefi
ventricular hypertrophy in these four lefl ventricular regions
were evaluated in diastole directiy from the television mon-
ilor with the :dd of calipers. Wall thickness was measured at
1he levels of both the mitral valve and the papillary muscles
121.22). For each region of the left ventricle. the portion thay
showed the greatest thickness (whether situated basally or
apicallys was considered as the maximal thickness of that
segment

M-mode echocardiograms were derived from the two-
dimensional image under direct anatomic visiaiization. Car-
diac di jons were ding 10 the critenia of
the American Society of Echocardiography (23).

Canlinuous wave Doppler examination. The examinations
were obtained with a Hewleti-Fackaid ultresound system
utilizing a 1.9-MHz nonimaging transducer. Studies were
nerformed from the apical window with the patient in the
supine or left lateral decubitus position during quiet respira-
tion. This transducer position was selecied with regard to
our prior experience in patients with hypertrophic cardiomy-
opathy. that Dopgler interrogation of the left veniricular
outﬂow lracl from the apex yields a satisfactory sigaal more

y than do ions performed from the sec-
onu right |mercosiai space or suprasternal notch.

Each sludy was performed by ¢ same fechnologist who
was 10 late the d tw obmin the
maximal velocity signal from the ieft ventricular outflow
tract. In particulor, an effort was made o isolate a spectral
profile showing a relatively slow increase in velocity culmi-
nating in a delayed peak veloeity in mid-systole associated
with the characteristic high pitched acoustic properties of
the left vemricular gutflow tract jet. 1n our experience and
that of other laboratories (24.25). such waveforms are typical
of patients with hypertrophic cardiomyopathy.

Gain and filter settings werr then adjusted to obtain the
signal with the highest audible (requency, the maximal peak
velocity and the optimal signal 1 » noise ratio. Also, particu-
lar care was tzkan to separete the outflow tract signal from
that of mitral regurghation by orienting the transducer more
medially and anteriorly whenever a regurgitant jet was
identified. The signal of miiral regurgitation was character-
ized by ¢arlicr onset, more abrupt initial increase in velocity
and higher peak velocnty than that of the outflow tract signal.
To minimize any potential bias on the part of the technolo-
gist with regard to selection of beats (that is, waveforms) for

were performed with use of commercially available instru-
mests. Images were obtained in scveral cross-sectional
planes with use of standard transducer posiions (20). With
use of previously described methods (21, the distribution of
left ventricular hypertrophy was assessed primaiily in the
parasternal short-axis plane, although parasternal long-axis
and apical views were alse used he integrate the information
obtained from the short-axis v ges.

In the shegt-axis plane, the left veniricte was divided into
four segments that comstitutcd ihe amlerior and posierier
ventriculor septum and anterolateral and pasierior left ven-

ding. other particip in the cardiac catheterization
procedure were instruted to avoid disclosing the value or
approximate magnitude of the measured pressure gradiem.
Measurement of pressure gradient. The pressure gradiemt
across the left ventm:ular outflow was measured by record-
ing p d I ly from fiuid-filled cath-
elers placed within the body of Ieﬁ ventriele and femoral
artery. Left veniricular pressure was measured with an
end-hole catheter :nd the femoral artery pressure with a
24-in. {10.2-¢cm) T=on catheter. Care was taken 10 ensure
that the elevaied left ventricular syrtolic pressuic was not
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antifactually produced by entrapment of the witheter within
left ventricular trabeculations, based on previously de-
seribed criteria (9.10), Also, ir. each patiem an aonic valve
gradient was excluded by putback recordings of the letr
ventricular catheter. 1n 22 of th: 28 paticnts (all with a basa:
outflow gradient <100 mm Hg'. Doppler waveiorms from
the left vcmncular outflow traci of sulficient teclmlcal qual-
iy were d during the si
veatricsia, and femora! artery pressures with o prom.'anvc
maneuver, that is, intravenous infusion of isopreterenol
{untid & heart rate =130 bcals/mm was achicvedy or a
catheter-induced p jon. ur both,

The systolic va' veatricular ottflow pressure gredient was
measured as the maximal ingtanianeous pressure difference,
as well as the peak to peak difference. between the [cft
ventricular and femoral artery pressares. In calculuting the
maximal i pressure gradient. small signal delays
inherently present between left ventricular and distal arterial
pressure recording sites, as well as the delay inrinsic 10
Auid-filled catheter systems (about 10 ms). were compen-
sated for by shifting the anerial pressure wracing leftward so
that its initial pressure increase coincided with that of the left
ventricular tracing.

Simultaneons Doppler and hemodyramic imeasurements.
Once the optimal Doppler sigaal from the lefi ventricutar
outflow tract was achieved in the catheterization Jaboratory.
Doppler and imracavitary pressure recordings were initiated
simultaneously. Separate strip-chart recardings of the con-
tinuous wave Doppler speciral profiles and pressure iracings
were both obtamed at 100 may's for 60 to 90 5, sufficient to
include about 60 0 120 beats. An eleciracardiographic
(ECG) tracing was reconded en both the Doppler ana the
pressure tracings. Induced premature ventricular contrac-
tions were utilized 10 march the Doppier and pressure
tracings in time.

Analysis of Doppler recerdings. Continuous wave Dop-
pler spectral re:ordmgs and pressure fracings wers inter-
preted independently by two s. The observer
who interpreted the Doppler recordings did not have prior
knowledge of the patient’s clinical and hemodynamic find-
ings and was not present in the cardiac catheterization
laboratory when the simultanecus Doppler and catheteriza-
tion studics were performed.

The reader analyzed only those beats having a Doppler
spectral signal that was judged to represent the velovities
across the left ventricular outflow tract and for which there
was sharp and unambiguous definition of the entire wave-
form contour, so that peak velocity could be ascertained and
measured with a high degree of accuracy. Measurements
were made of the beats with the highest peak velocity.
although those judged to represent mitral regurgitation were
disregarded.

Oricntaticn of the Doppler beam was assumed to be
virlually parallel to the ditection of the sysiolic flow (<209
angle of incidezsice) and therefore no roetine angle correction
was incorporated in the caleulation of autflow gradient from
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the continuous wave Doppler waveform. Left ventricular
outflow pressure gradient wis estimated by uiilizing the
modified Bernoulli equation (13,16 G = 4V, where G =
gradient (in mm Hgl and V = maximal flow velogity (in m/s)

Reproducibility. lnterobserver variubility in the measure-
men! of peak left ventricular outflow tract velocity from the
Doppler spectral profile was assessed independently by two
invegtigatars in a separate group of 34 consecutive patiems
with hypertrophic caniwmyupalhy who had unden Jone cun
sinuows wave Doppler in the ech graphy
laboratory but were not parl of the primary study group.

These 34 patieats were selected to ensure that the inves-
tigalors participating in the interobserver variability anabysis
were not biased. Because only one of the investigaiors
involved in this study was unaware of the pressure gradients
reconded during candiac catheterization, the Doppler trac-
ings obtained in the catheteriz=tion laboratory could not be
included in the assessment of interobserver variability.

in cach of the 34 patients, three consecutive beats were
selected for analy-is ¢by a third observer); both investigators
measured peak velocity in cach beet and these values were
then averaged. The mesn values of tained by the two inves-
tigators were then compared and their relation analyzed
statistically.

Statistical analysis. Reli tions between different variables
were assessed by mzans o Pearson's correlation cocfficient
and linea regression analysis. A p value < (.05 was consid-
ered to be statistically significant. All values reporied are
mean values £ SD.

Resulls
Echocardiography

An asymmeiric patiern of left ventricular hypertrophy
was identified in each patient. Wall thickening was confined
10 the anterior veatricular septum in 3 patients, involved
hoth the anterior and the posterior ventricular seplum (but
not the Ieht ventricular free wall) in § and diffusely involved
substantial partions of both the septum and the ancerolaterai
free wall in 9. The remaining patient showed a more
unusual pattern of hypertrophy with thickening of the pos-
terior septum and the anicrolateral free wall (26). Maximal
Teft veniricular wall thickness fusually of the anterior sep-
tum) ranged from 15 to 40 mm (mean 23).

Left ventriculer end-diastolic cavity dimensions were 32
to 54 mm (meaq «1) and end-systolic dimensions were 10 to
38 mm (mean 25), Left atrial dimension was 2% to 60 mm
(meun 475 2and was =45 ma in 30 paticnts. Systolic anterior
motion of the mitral valve was present in 24 patients but
resulied in mitral-sental apposition in only 16.

Correlation of Doppler and Hemodynamic
Measurements of Guiflow Gradient

Basal gradient, In each of the 28 study patienis, 5 to
25 beats recorded at cardiac catheterization under basal
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Figure I, Conelation between the peak in ftantaneuus Irﬁ venlric-
ular (LV) putflow gradient at cardiac ¢ and
the simultancously obtained gradical estimaied by continuous wave
(CW) Doppler ultrasound under basz) conditions in 38 paticnts with
hypertrophic cardiomyopathy.

conditions were analyzed (mean 13 = § beats/patient): a toral
of 355 beats werc anatvzed in the overail study group.
Maximal instestancous pressure gradient acrass the lefi
ventricular sulfiow tract ranged from 5 10 120 mm Hg
(sverage 45); peak flow velocily ranged from £.2 10 6 m/s
{mean 3.4). There was a highly significant correlation be-
tween the maximal ‘nstantancous pressure gradient mea-
sured at catheterization and the pradient estimated by Dopp-
ler recording (r = 0,93; p < 0.000)) {Fig. 1). In 27 of the 28
patients. Doppler and catheterization 1ssessmenis of the
basal outflow pradient agreed within 15 mm Hg {average
difference 5.5 = 3 mm Hg). 1n the remaining paticni. Doppler
assessment overestimated the recorded gradiemt by
68 mm Hg {146 vs. 78 mm Hg).

Feal to peat basal lefi ventricidar ouiflow tract pressure
gradient ranged from Q to 104 mm Hg tmean 33). A highly
significant correlotion was also identified between the peak
1o peak and Doppler-cstimatcd gradients (r = 0.93; p <
0.0001). When patients wen: analyzed individually, {he Bopp-
ler-estimated pradient exceeded the catheterization gradiem
in each. In 27 of the 28 paticmis. Doppler and catheteri-
zatiot gmdienls agreed within 25 mm Hg (average differ-
ence 10 » 6 mm Hep): in the remaining patient Dopp-
ler ultraspund overestimated the recorded gradiem by
80 mm Hg (146 vs. 66 mm Hg).

Provokable gradient, tn 22 of the 28 patiemts, a techni-
cally satisfactoty Doppler signal was recorded from the left
ventricutar ontiicw fract during the fusion of isoprolerenol
(15 patients} or in the beat after a premature ventricular
contraction (7 paticnts). Lo these 22 patients. th2 maximal

&abic i p gradient ranged from 8 to
185 mm Hg {mean 65); peak outflow velocity ranged from
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Figure 2. Correlation between the pezk instanizneous left ventrie-
ular (LV} ontflow gradicnt at cardiac and
the simultanconsly obtained gradient estimated by cnntingous wave
(CW) Doppler ulfrasound after pros aczrion maneuvers in 32 pa-
tients with hypertrophic cardiomyepaiity.

1.5 to 6.2 m/s (mean 3.9). There was & hlghly significant
correlation berween the
oressure gradient and the Doppler-cstimaied gradieat (r =
0.89; p < 0.000!) (Fig. 2). Inn 21 of the 22 patients, Doppler
and catheterization assessments of instantaneous outflow
geadient agreed within 15 mm Hg (average difference 8 =
4 mm Hg); in the remaining paticnt. Doppler assessment
underestimated the gradient by 120 mm Hg (65 vs.
185 mm Hgh.

Patients with u variable gradient. In 6 of the 28 patients,
a particularly wide range of subaortic pressure gradients was
recorded durirg the cardiac catheterization procedure (ei-
ther under basal ditions or with p { These
patients showed a difference of 40 to 120 mm Hg (mean 78 =
26) between the minimal 2nd maximal peak instantaneous
gradient ded. Correlation b the d and
Doppler-estimated gradients was very strong in ezch of these
patients; correlation coefficients for individual patients
ranged from 0.87 to 0098 (Fig. 3).

Interobserver variabifity, Peuk flow velocities measured
by Lhe first observer ranged from 1.2 1o 6.1 m/s (mean 3.4 =
1.1} and those measurcd by the second observer were
1.1 to 6 m/s {mean 3.4 = 1.1} Mean interobserver differ-
ences were 0.06 + 0,05 m/s (range G to 0.2). Correlation
of peak flew velocity measurements between the two in-
dependent observers was very strong (r = 6.99; p < 0.0001)
(Fig. 4}

Retraspective Analysis of Doppler Studics
Doppler studies were also reviewed in a retrospective

fashion to derive explanations for certain observed discrep-

ancies between the gradients estimated by Doppler uftra-
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Figure 3. Correfaven betwyen the peak insiantanegus left .cm-::

ular (LY) outflow gradicat d at cardiac catheteri and
the simultancously obtained gradiens estimated by coatinuous wave
(CW) Doppler eltrasound in 2 24-year old patient with hypertrephic
carsiomyopathy who demonstrated a particulariy variable subzortic
gradicat. Depicted are 27 beats with a wide range of gradients
ouiained under hasal conditions anu during provocatiun maneuvers

sound and those recordid 1 the catheterization laboratory.
This analysis showe. that the major disrepancies were the
consejuence of a superimposition of the signals from the
mtri regurgiation and left ventricular outflow traci jels.
Thus. in 26 of the 28 patients either no mitral regurgitation
signal w23 jdertified on the tracing or the outflow Iract signal
enuld be separated distinetly fram a signal of mitral regurgi-
sation {Fig. 5). Hawevzr, in two patiems (one assessed under
basal conditions and one with provocation). the signal cor-
sesponding to the mitral repurgitant jet was either errone-
ously identified as representing part of the outflow tract
signal or overlapped with the outflow spectral prafile, so that
it was not possible to accurately assess the peak quifiow

Figure 4. Comelation between Doppler left v:mn:ular(LV) out Row
tract pe 1k velocity made by 1wo indep obiery-
ers in 34 patients with hypertrophic cardiomyapathy.

[«o =2
oo o

Peak LV Outflow Velocity (m/s)
Observer 2

Peak LV Outflow Velocity (m/s)
Observer 1
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Eigure 5. Continuots wave Doppier specral profiles from thrce
palients (A, Band C) with nbslmcuvc hyperimphic cardlanwpatlly
showing ! ition of a mitral jeton
that of left vemrivular oulﬂnw wact. For cach patient the two

shown P ive beats, In each patient
the “‘true™ omﬂuw iract signal (whnch correlaied with the subaortic
gradient d at cardiac small biack arrows)
was successfully isolated from the signal of mitral regurgitation
llarge white arrows). 1t was often possible to identify the cutflow
waveform (small white arrows in the secand bext} within the iitral
regurpilation spectral profite. Even minima) changes in oriemation
«of the Doppler beam Gineluding those secondary 1o the heart motion)
can result in soperimposition of the 1wo signals because of the
particularly close proximity between the cutflow tract and mitral
regurgitan( jets. En this and other figures showing continuous wave
Doppler tracings calibration marks are 1 nvs apuit.

tract veiocity, Fallure o rccu
sulted in overesti or
gradient in these two patients.

i X..cse dislinclions re-
ion of the outflow
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Clinical Findings

Patients experienced a wide variety of sympioms, includ-
ing exertional dyspnea (n = 81, chest pain (n = 15}, fatiguc
{a = 13), palpitation (n = 12) and sy (n = 10). Twelve
paticats were gither asy i o7 mlldlv symp at
the time of evaluation; in these patients cardiac catheteriza-
tien was perfermed as part of an electrophysioclogic sudy for

luation of sy n=8rer ined ventricular
tachycardia Guring ambulatory Holler ECG monitering (n =
4). The remaiping 16 patiert: were severely symptomatic
despite appromiate medical therapy and underwent cardiac
catheterization as part of a preoperative evaluation before
ventricular septal myciomy-myectortiy.

Genetic transmission of hypertrophic cardiomyopalhy W

first-degree (27} could be sut d in 16 of the
’)R study pahcnls Allhough there was no family history of
hyp car yopathy in the ining 12 panems.

systemauc echocardiographic studies were not performed in
these pedigrees.

Discussion

Doppler assessment of the outfiow tract gradient. Contin-
uous wave Doppler echocardiegraphy has proved to be
useful in quantitatively assessing the degree of fixed left
ventriculur outflow 1ract obstruction in patients with aortic
valve stenosic {15,161, The resuits of the present investiga-
tion demonstrate that in a large proup of patients with
hypertrophic cardiomyopathy it is also possible to mtilize
continuous wave Dopplor witrasound 10 derive a quantitative
estimate of ihe dynamic left ventricular cutflow tract gradi-
ent characteristic of these patients. In our study greup of
28 patients who rep the wide h ic spectrum
of hypentropliic cardiomyopathy, we found a strong corre-
lation between outflaw gradient estimated by Doppler ultra-
sound {and calculated with use of a modification of the
Bemoulli equation) (13,16) and the peak instantanzous. as
well as peak to peak. gradient recorded simultancously in the
cathelerizalion Iaboratory. Furthcrmore, this sirong relation
was observed for cutflow gradients assessed both under
basal conditions and with provocative maneuvers. These
findings shov that it is possible to wiilize continuous wave
Doppler ulteascund in patients with hypertrophic cardiomy-
opathy to estimpe outflow gradients nonmvasively in an
ambulatory sewing obviating the necessity of performing
multipic cardiac cutheterizations over the longitudinal fel-
low-up period.

Prenons npwts Two previous studles (17.18) analyzed

btained Doppler- d and catheter-
measured outflow gradients in patierits with obstructive
hypertrophic cardicmyopaghy and showed good carrelations
between bath measurements, However, each of these sind-
ies has certain limitations with respect to the sefection of
patients and application to the clinical setting. For example.
Sasson & al. (17) analyzed the muhipl s oblained

3ACC Vol 19. Ne. )
Junuary 1992:51-%

with cardiar eatheterization and simultaneous transthoracic
Doppler echocardiography in a small group of only five
seiected patiems. The study of Stewart et al. (!8) was
confined to braineq in the g Foom at
the time of vemtricular seplal myotomy-myectomy in
10 patients, with t've Doppler probe positioned dwectly on
the ascemding anrta 1o measure outflow tract velocity. In
contrast. the prcsent investigasion utilized transihoracic
eehncardlogmphy to study a large nmeer of consecuiively
evalvated patients with hy D yopathy repre-

of the braad h ‘, ic and mor ic spec-
irum of the disease (1.2), This study design peamitted us to
assess both the strengths and the fimitations of the continu-
ous wave Doppler technique for cllmcal use in the noninva-
sive of the left outflow gradien in
p: tients with hypertrophic cardiomyopathy.

Clinical spplicability of the Doppler method: limitations.
It has besn our experienve that continuoys vwave Doppler
echocardiography is not applicable 10 the estimation of
subaortic gradient in all patients with bypertrophic cardio-
myopathy. 1n an important minority of patients studied (9 of
56, 16%), it was not possible to obtain an optimal discer.ible
signal from the left ventricular outflow tract under standard
canditions in the echocardiography lat Y b of an
inadequate ultrasound window or dnslomon of left ventricu-
lar geometey. For example, in many patients the markedly
thickened anterobasal ventricular septum bulges into the left
ventricular outflow tract (21.28) in such a fashion as to make
an unimpeded and reliable interrogation of outflow velocity
by continuous wave Doppler ultrasound difficult or virtually
impossibic. In addition, 19 patients were excluded from this
study because a satisfaciory lefi ventricular outflow signal
could not be abtained a* the time of cardiac cathelerizalion.
However, these [aner petients do not represent an imrinsic
limitation of the Doppler technique, bt ralher reflect the
difficulties and icli lnhcrenl n ing patients
for optimal t ic ech aphic stadies i the
catheterization laboratory.

Ticrimination of the oulllow tract jel from that of mitral
regurgitation. Even in the absence of such limitations, it
may be difficult to distinguish the high velocily systolic
sigral of the omtflow tract {due 1o systolic anterior motion of
the mitral valve) from the jet of mitral regurgitation that is
usually present in patients with the obstructive form ef
hyperirophic cardiomyopathy (2). This di: ic dilemma
may exist even though the cutflow and miiral repurgitation
signals usually show characteristic differences in Liming ad
contour (24,29). In pavients with hypertvophic cardiomyop-
athy, the high velocity blood flow jets nssociated with miirai
systolic anterior mnion and with mitral regurgitation occur
in particularly close anatomic proximity (2). Indeed. in thase
pallems with the smallest left vemncuiar outﬁow lract

{z er magritude of subapmic
obslruc.mn)( 3 y be pnnlculariy difficult 10 accurately
identify and isolste the true outfow tract sigmal. Thus,
*‘contamination” of the outflow tract signal by mitral regur-

P:
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gmnwn i a polential source of error in the quantitative
S ion of subaortic gradient in many patients with hy-
pertrovhic cardiomyopathy and in fact. accounted for dis-
crepancies between Dopplei- and catheteriz, ton-assessed
aorlic gradient in 1wo of pur study patients e measured
under basal conditions and one during provocative maneu-
vers), Consequently, in patients with hypertrophic cardio-
myopath; cawtion is adviscd in inlerpreting jets of more than
about 3.5 m/s {estimated gradient >>i20 mm Hg) as repre-
sentative of the left ventriculac amflow tract signal because
a velocity of such magnitude is most consistent with mitral
regurgitation. However, it should be emphasized that while
the Doppler technique significantly overestimated or under-
estimaled the subaortic gradient in two of our study patients,
the nature and magnitude of these discrepancies proved to
be of litile clinical imponance.

Je: tiniy study 2l continuous wave Doppler examinations
were obtained with & nonimaging transducer. An altetnative
approach woukd be the use of un imaging continuous wave
Doppler probe that would allow the examiner to align the
Doppler beam under direct visual inspection according to
anatomic landmarks and the direction of hlood flow fas
documented by color flow imaging). However. despite the
theoretic advantages of the imaging approach. it has been
our experience 1hat the nonimaging rechnique yields satis-
factlory signals more consistently and therefore has been lhe
method of choice in our laboratory.

Variztions in waveform of the outflow tract jet, In the
course of this investigation, we encountered certain variabil-
ity in waveform configuration. First, in different patients
outflow tract signals that correlated with (and therefore

d) the p dient recorded at cardiac cath-
elenzauon frequenlly showed differences in waveform snape
and timing of peak velocity (Fig. 6. In most such patients
outflow velocities increased relatively stowly in ezrly systole
but thin rose abruptly and peaked in mid-systole, resulting
in the cave and tsically shaped form previ-
ously described as characieristic of patients with obstructive
hypertrophic cardiomyopathy (24,251, However, in other
patients the rate of increase in early systolic flaw velocities
wag more rapid, with the peak velocity achieved earlier in
mid-systole. producing a more sy ically shaped wave-
form. Both these waveform shapes are distinctly different in
appearance from that of patients with fixed valvular aortic
stenosis, in whom peah velocity is apparent early in systole
(15,16). Also, it has been our cxperience that in some
patients with hypertrophic cardiomyopathy systolic wave-
forms may be recorded in addition to the “true™ sigmal
representing the spectraf velocity profile of feft ventricufar
outflow (Fig. 7). These spuriots waveforms usually have a
lower peak velocity occurring very late in systole and are
charactenized by = narrow and pointed pean; they clearfy
differ in appearance from those waveforms in which the peak
velocity correlates with the subaortic pressure gradient
measured at catheterization. Such signals probably originaie
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fvgnrc 6. Cuatinuous wave Dopptcr spectral prdﬁlcs from six pa-
lients with hype:

the spectrum of variability in waveform comlour anums different
palients. Each of these signals was oblained at cardiac atheteriza-
tion and the pradient estimated from the peak velocity corrclated
closely with the actual pressure gradient. A and C, The brief initial
rise in velocity is relatively rapid but is foliowed by a more gradual
incsease i velocity 1o achieve the peak in mid-systole, resulting in
an asymmetric kefiward concave shape. B, Similas to A and € but
with less pronounced asymmetry. D, E and F, The rate of increase
in velorily is relatively slow and the waveform shows a more
symmetric configuration,

ftun cegions of the left ventricie officr than the outflow trace,

includi ions that at end-systole (29).
Awareness of the vartability in waveform configuration in

patients wiih hypericophic cardiomyopaihy iy obviously
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Figure 7, Continuous wave Doppler spezral profiles obiained in
two patients with obstructive hyp hy show-
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ventricular outflow obsiruction under basal conditions or
with provecative mancuvers. Conseguently, tae left ventric.
ular outflow tract gradient can be assessed serially and
noninvasively in paiients with hypertrophic cardiomyopathy
in an ambulatory satting in lieu of cardiac ¢athcterization.
However, a variety of factors may affzct viilization of the
Doppler technique in this regard, including distorted left
ventrivular geometry, potential for contamination of the left
ventricular outflow tract signad with 1hat of mitral regurgita-
tion and variability in the contour of the outflow tract
waveform among patients or in individual patients. These
faciors should be considered during the performance and
interpretation of Doppler studies in patients with hyper-
trophic cardi hy and emphasize the imp of
experience on I.Ile part of the operator and interpreter in
achieving mearinglul results.
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