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CHAPTER 1

INTRODUCTION

1.1 Historical perspectives

In the late fifties and early sixties a distinct clinical
entity has been recognized in clinical, hemodynamic

and angiccardicgraphic studies. Since then a burst of
information concerning this "cardiomyopathic" disorder
has been forthcoming.

Iin this chapter most availakle information is condensed
in a systematic fashion, as an introduction to the

thesis itself.

Although various terms are currently still used to des-
cribe this conditicn, on clinical and hemodynamic grounds
asymmetric septal hypertrophy, is considered in this
study to be the common denominator and conseguently this
terminology is followed as a descriptor of the syndrome
under discussion.

The earliest report available is from Dittrichl, who,

in 1852, described in a necropsy study a patient with
typical asymmetric septal hypertrophy. "Das Septum
ventriculorum fast 1.5 =~ 2 Zoll dick und von der Basis

an unter den Aortaklappen bis zur Herzspitze herab mit
dick gedringten Muskelsubstanz durchsetzit".

Dilg2 in 1883 reviewed 15 similar cases, five of these
are now recognisable as muscular septal hypertrophy.

This author also noted that disease of the left ventricu-
lar outflow tract could coexist with other congenital ab-
normalities.

Zoll is 2:5 cm.
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Schminke3 described in 1907 two middle-aged females with
a muscular stenosis of the left ventricular outflow tract;
he surmised that the mechanism of muscular outflow tract
stenosis could result in secundary hypertrophy of the
left ventricular muscle. In fact, he postulated that this
hypertrophy resulted in more stenosis and consequently

in more hypertrophy by which a vicious cycla was generated.
It was the introduction of cardiac catheterization and
with it angiocardiography as well as cardiac surgery
which led to the recognition of different types of
myocardial hypertrophy during life.

When in 1957, Lord Brock4 described two females with
severe systemic hypertension and functicnal subaortic
stenosis and was followed by Teare5, who reported nine
young adults who died suddenly and in whom a mass of
muscle in the septum of the left ventricle was found
during necrcopsy, the medical world again focussed atten-
tion on this disease.

In fact, Teare called this disease "Asymmetrical hyper-
trophy" of the heart, as Dittrichl had recognized one hun-
dred years earlier.

The many patients reported in the early sixties by
GoodwinG, Braunwald7 andWigle8 were described under
different names. Although the anatomic appearance should
have been the denominatcr of the discase, classification
of many cases was based on descriptive terms derived

from the angiocardiographic appearances. Goodwin employed
the term hypertrophic obstructive cardiomyopathy (HOCH)

tc differentiate it from other cardiomyopathies.

On the other hand, Braunwald7 and his group were struck
by hemecdynamic abnormalities: Idiopathic Hypertrophic
Subacrtic Stenosis {(IHSS), was their cheoice. The same
applied to Wigle who thought that the stencsis was mainly
caused by the hypertrophied ventricular septum, although
he suspected the role of the mitral valve to be important.



Thus, obstruction, hypertrophy and stencsis were common
elements for the diagnosis of the disease. However, it
took the last two decades before it became clear that
both non-cbstructive and obstructive forms exist and, in-—
deed, can prcceed from one to the other. This spectrum,
already suspected on the basis of angiocardiograms became
clarified with the advent of echocardiographygmll.
Through this technic asymmetric septal hyperirophy (ASH)
has bacome once again the crucial factor and today we can
consider ASH again to be the denominator of the disease.
In fact, echocardiographic studies have made it possible
to enlarge the spectrum to those asymptomatic individuals
who are famlly members of those with clinically evident
forms of the disease12"l3. Furthermore since asymmetric
septal hypertrophy can coexist with other forms of
cardiac disease such as mitral valve preclaps syndrome,
coronary artery disease, fixed subaortic stenosis and
valvular aortic stenosis, the echocardiogram has proved
to be a most useful tool to extend the boundaries of this

syndrome even furtherl4.

1.2 Purpose of the study

The purpose of this study is to describe the echocardio-
graphic manifestations of all patients with asymmetric
septal hypertrophy seen between 1370 and 1977 at the
Thoraxcenter of the University Hospital in Rotterdam.
Several previous publiications have formed the backbone
of these chapters. They are reprinted as originally
published and provided with connecting text.

The first part of the study describes the echocardio-
graphic examination methed (both by single-element and
multi-element echo techniques) (chapter 2) and the echo-
cardiographic and c¢linical cardiologic aspects of ASH in-
volved in diagnosis and treatment {(chapter 3).

15



The latter part of the study relates to an echocardio=
graphic analysis of the dynamic behaviour of the left ven-
tricle in ASH (chapter 4) and to the echocardiographic
criteria proposed for the assessment of the familial pre-
valence of ASH in unaffected family members (chapter 5 and
6} .

In chapter 7 unexpected clinical findings are described
and illustrated, when patients with ASH are followed over
longer time periods by echocardiographic technique.

In chapter 8 the echocardiographic findings are described
for patients with the fixed type of subvalvular aortic
stenosis as a disease to be differentiated from ASH.
Chapter 9 includes a c¢ritigue on the study and the dates
and discusses future perspectives of the disease to be
analyzed.

The final chapter contains a summary of the most relevant
facts.

16
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CHAPTER 2

METHODS
British Heart Journal, 1974, 36, 737-746.

Dimensions and volumes of left atrium and ventricle
determined by single beam echocardiography

F. J. ten Cate, F. E. Kloster, W. G. van Dorp, G. T. Meester, and J. Roelandt

From the Department of Clinical Echocardiography, Thoraxcenter, Erasmus Unfversity, Rotrerdam, the
Netherlands

This study further extends the clinical usefulness of the estimation. of cardiac chamber size by means of single
echocardiographic dimensions. In 24 patients left atrial size was calculated from an anteroposterior standard
echographic dimension and correlates (r=088) with the lgft atrial surface area measured from selective
cineangicgrams in the Tight ayterior oblique position. For clinical use a left atrial aortic dimensional ratio was
derived as a valid index for the separation of normal and enlarged atrial cavities. An excellent correlation
between angiographic and echographic derived volumes was found for left ventricular volumes from single feft
wentricular echographic dimensions in the 35 pafients studied. Cerrelation coefficients for end-systolic and
end-diastolic volumes were v=0-96 and r=0-97, vespectively. As might be expected, calculated stroke wol-
umes ard glection fractions from echocardiograms and anglograms correlated less well (r=0-§2 and r=079,
respectively). From these veswlts and from studies published by others, despite theovetical limitations and several
assumptions in the use of single left ventricular dimensions, it is concluded that calemlations can be used with
confidence for volhume determinations in the majority of patients, including those with coronary avtery disease
and over a wide range of left ventricular dimensions and sizes. It appears that, provided these observations are
extended, dertved variables such as stroke volume and gjection fractions, can be oblained jor the assessment of
Ieft wentricular funciion by non-invasive means.

The use of reflected wltrasound from external trans- 7 al., 197:b) have also been used as a reference and
ducers to determine cardiac chamber size is a rela-  again good correlations have been found. More
tively recent development. The assessment of left  recent echographic studies employ standardized
atrial size was first attempted by Hirata er al.  techniques to obtain echoes both from the left side
{196g). Fe found a good correlation between asingle  of the septum and from the endocardium of the left
left atrial echo dimension and its arca measured ventricular posterior wall. This srandardization
from cineangiograms in the right anterior obligue refers to the patient position, transducer position,
position. Left ventricular end-systolic and end- control of gain settings, and the use of stripchart
diastclic volumes estimated from single left ven- recorders (Feigenbaum and Chang, 1972; Popp and
tricular echo dimensions and measured from ieft Harrison, 1973), and has added wvalidity to many
ventricular angiograms have been compared in  dimensional measurements. The purpose of the
many studies. The good agreement between both  present study is to invesdgate further the role of
methods that has been demonstrated by many echocardiography in the derivarion of l=ft atrial and
authors (Popp ¢t al., 1969; Pombo, Troy, and ventricular size by comparing the results with those
Russell, 1971a; Murray, Johnston, and Reid, 1672; obtained with quantitative angiocardiography in a
Feigenbaum and Chang, 1972; Fortin er 4l., 1971;  variery of clinical conditions.

Gibson, 1973; Ratshin er al., r973) is surprising

when one considers the geomeiry and the mathe- Bubjects

rmatics that are involved. Resulis obrained by other . s .

methods such as the Fick technique {(Feigenbaum, Left‘ atrial dimensional stu_dy

Zaky, and Nasser, 1667; Popp and Harrison, 1970, Srudies were made on 24 patients, 12 male and 12

i e : female, aged 12 to 65 years. The patients (Table 1}
x970) and the indicator dilution technique (Pombe inc}udéd 6 with coronary artery disease, I2 with

Received 21 February 1974. valvular heart disease, 3 with asymmetrical septal
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738

ten Care, Kloster, wan Dorp, Meester, and Roeland:

TABLE I Resulis of left arrial dimension studies
Case Age Diggnosis Bady Angiogram Echocardiographic data
no, and surfuce Left arrial area
sex (m®) Left atrivm Aorra LA{Ag
ralrg
Pl wm®* per  mun mm per mm i per
m? m m?

I soM  IHSS 158 3618 1GI0 33 X7 30 i6 1

2 oM MR 199 5980 2953 &4 32 28 I4 2T

3 64 F MS 71 6570 3842 75 44 28 15 27

4 45M  CAD 1-86 3300 1780 34 18 34 18 10

5 57F M3 1-86 6GO0 3226 45 24 29 16 6

[ ss M CAD 1-86 3020 1624 32 17 18 20 oy

7 55F M8 73 4330 2503 40 23 29 17 4

-1 6o M MR 7L G700 3918 j26a] 47 35 20 24

g so F CAD 125 3190 2473 32 25 30 23 IX
10 M CAD 175 2890 1651 27 15 25 14 11
I 62 F MS 1-49 s600 3758 56 38 29 19 2'0
12 26 F IHSS 159 4050 2547 35 22 26 6 14
13 46 F M3 168 5310 3161 (i34 36 30 18 20
I4 21 M COCM 190 6440 3400 5o 26 29 Is 7
I35 1z M Normal 1'30 2050 1580 27 21 27 21 10
16 iz F PS 130 1060 820 14 I 14 II 10
17 6t M CAD 1-84 3550 1929 37 20 24 13 s
I8 45 M CAD 171 3040 1778 32 19 44 27 o7
15 40 M MS 183 5400 2951 61 33 28 15 22
20 1zM  IHSS 160 2200 1376 27 17 20 i3 '3
21 65 F MR/AR 1'59 4350 2736 34 a1 2 s 14
22 36 F MSJAR 183 5850 3197 48 26 2 I3 20
23 47 F MS/MR. x-58 3000 1956 37 23 19 Iz Ig
24 45 F MR 173 5500 3231 5@ 20 30 7 7
Mean 41°5 42948 25126 430 251 z85 165 1'55
Standard 15994 8418 163 oI 52 37 o5z
deviation - 4 rm0-88 1

¥ =0 000K+ T+F

F8yx=473
¥ §2

¥Y=0005x+ 03
Sy.x=03

Abbreviations: Ag, aorta; AR, aortic regurgitation; CAD, coronary artery disease, COCM: congestive cardiomyopathy, IHSS:
idioparhic hypertrophic subaortic stenosis, LA: left atrium, MR: mirral regurgitation, MS: mitral stenosis, PS: pulmonary

stenosis.

hypertrophy, one with cardiomyopathy, one with pul-
monary stenesis and one with no demonstrable heart
disease (functiona} murmur). All underwent routine
diagnostic cardiac catheterization and quantitative
angiocardiography. The echocardiographic examination
was performed within 24 hours before or after the cath-
eterization procedure and patient selection was only on
the basis of the quality of the left atrial cineangiograms.
Left atrial and aortic root dimensions were also meas-
ured in 25 normal subjects. The absence of heart
disease was based on their history, the normal clinical
cardiac examination, electrocardiogram, and chest x-ray.
The same measurements were also made in the last 27
patients presenting art the outpatient clinic with mirral
stenosis. All had the typical auscuitatory findings of
mitral stenosis, further confizimed by other nen-invasive

a0

methods; of these the abnormal mitral valve mortion
pattern on the echocardiogram was the most consistent
one,

Left veatricular dimensional study

Of so consecurive patients undergoing diagnostic heart
cathererization, 42 had suitable echocardiograms (849,
In 35 both the echocardiograms and angiocardiograms
permitted left ventricular volume calculations (70%).
These 35 patients, 32 male and 3 female, aged 16 to 64
years presented with a wide spectrum of cardiac diseases
{Table 2), They include 19 with coronary artery disease;
14 with valvular disease; one with asymmetrical sepral
hypertrophy, and one with Ebstein’s disease. Their
echocardiographic study was performed within a 24-
hour period before or after the catheterization procedure.
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TABLE 2 Results of left ventricular volume studies

Case  Age  Diagnosis Body  Sys- Dig- End- End- Stroke Ejecrion Hearr rare
Ho. and surface  tolic siolic diastofic syszolic wolume Sfraction
sex arec dia- dia- wvolume wolume volume
(%) maerer meter {(mlim®) (™) (mlim®) {%)
() {mm)
Echo Angio Echo Angic Echo Angie Echoe Angio Echo Angio
I 21 M Ebstein 16 37 53 94 97 3z 34 64 63 66 67 8o 108
z 3t M CAD 175 40 54 94 9 38 37 36 54 60 5p 75 62
3 43 M AS/AR 172 43 54 g7 103 49 5B 48 45 50 44 9o I22
4 37M CAD 175 44 56 104 97 50 40 54 57 §2 59 6o 66
5 55M CAD % 40 52 75 8 36 38 39 44 5 52 60 66
6 40 M CAD 19 37 50 76 83 23 z9 53 54 70 65 79 go
7 4z M MSMR/ASJAR 164 50 56 113 180 76 57 34 43 2/ 33 70 97
8 46 M CAD 173 40 53 8y 112 38 45 5T 67 57 60 60 73
9 st F CAD 147 36 46 7o 77 32 4% 38 36 56 47 6o 75
10 61 M MS/MR 1-84 30 43 45 49 6 16 25 33 65 66 60 57
1 soF MS 154 43 50 8¢ 8 55 48 20 39 36 45 65 84
Iz 61 M CAD 1'84 57 64 1se 16z 107 97 43 65 27 40 65 54
13 43 M CAD 174 45 49 72 B9 50 46 22 43 31 48 8o 121
14 45 M CaD 19 37 53 79 86 27 34 52 52 66 61 70 64
15 52 M CAD 197 43 53 77 97 43 37 34 60 45 6z 0 64
16 42 M AR 183 63 79 288 280 150 187 138 93 46 33 8o a7
17 46 M CAD 19z 34 51 7z 65 21 za 31 41 71 63 8o £g
18 64 F M3 170 37 55 I00 84 31 29 89 35 70 65 90 Iz3
19 43M CAD 18 4r 53 8 7% 39 40 4 39 51 49 8o 82
20 st F MS/MR 1-69 40 48 67 67 39 a8 28 29 42 44 ] 76
21 62 F MS/MR 149 46 56 22 117 67 68 55 49 45 42 70 it}
22 soM AR I3z 37 58 109 107 28 33 8 74 74 69 70 70
23 46 M MS 183 a5 56 95  Lo8 352 52 47 36 48 52 70 82
24 so M CAD 202 43 58 g9 Tol 42 45 37 56 57 56 g0 58
25 2 M IHSS 160 32 44 57 66 21 20 36 46 64 0 70 o
26 42 M. CAD s 3T 42 45 55 18 15 27 40 59 72 70 g5
27 29 M TR 19 2% 43 44 46 13 315 3t 31 71 68 70 77
28 52 M CAD 178 39 51 77 7L 34 22 43 48 57 6y 70 78
29 47 M MR/TR 184 45 59 117 II5 51 48 68 6% 57 60 70 83
30 38 M CAD 20 40 58 99 107 34 48 65 59 67 56 60 65
£ 45 M CAD 171 33 45 56 64 21 20 35 44 62 68 70 2o
32 16 M ASIVSD 175 37 51 79 101 31 37 48 64 62 63 70 79
33 40 M CAD -8 a0 55 96 86 39 34 58 52 60 6o 70 72
34 49 F MR 169 55 ¥ 150 183 100 X34 50 49 33 27 70 8o
35 44 M CAD 183 4o 50 69 8 34 32 35 so 48 61 70 97
Mean 516 408 926 970 443 456 485 5I4 543 559 70 76
Standard 11°04 729 423 419 290 335 Ig§ 132 1308 1107 7 24
deviation +
=097 096 o-82 ©79
y=098x y=o-83% y=1I-21x y=0-88x
—2:22 +630 — 1402 +4'94
Syx=T0é Syx=83 Syx=iro7 Syx=798

AS, sortic stenosis, VSD, ventricular septal defect; TR, tricuspid regurgitation.
For other abbreviations, see footnote to Table 1.

Methods

Echocardiographic studies

Echocardiographic studies were done with the ECHO-
cardioVISOR, an instrument that has both the con-
ventional single element and the multiscan facility
{Bom ez al., 1973 ; Roelandt er al., 1973). All studies were

signals were recorded in the M-mede using 2 Honeywell
Linescanrecorder {Visicorder :856) on Kodak light
sensitive paper (Linagraph type 1895).

Patients were examined in the supine position.
Turning the patient slightly en his left side sometimes
allows better visualization of the interventricular sep-
tun and left venuicular posterior wall simultaneously.

performed using a 1-9 cm diamerer, 2-25 mHz, and
7-5 cm focused rransducer, The transducer is pulsed for
1 maec and receives during a period of 200 usec. The
repetition rate is 10z4 impulses per second. The echo

The standard position of the transducer is in that inter-
costal space where the characteristic rapid anterior
mitral leafler motion is recorded while the transducer is
held perpendicularly on the chest and as close as possible

a1



ten Care, Kloster, van Dorp, Meester, and Roeland:s

FIG. I

to the left sternal border. The long-axis plane of the
heart is then defined by reorienting rhe transducer from
this position slightly to the aortic root {medial-superior
direction) and to the apex of the heart (lateral-inferior
direction), A continucus sectorscan through this plane
is then performed and recorded (Feigenbaum and Chang,
1972; Popp and Harrison, 1973). Subsequently, selective
recordings of the aorta and left asrium are made, The
transducer is then aimed at a point just below the tip of
the mitral valve leaflets. From this position, the trans-
ducer is angled so as to be perpendicular o the plane of
the long axis. This is referred to as the transverse, or
T-scan {Henry, Clark, and Bpstein, 1973), Several T-
scans are petformed and the largest left ventricular
diameter defined (Fig. 7). Recordings of the left ven-
cricular dimensions are then made during several cardiac
cycles, with the transducer in this position. Different
time-sensitive gain settings are used to obtain the
highest guality echocardiograms. Representative time-
motion recordings are shown in Fig. 2, Panel A shows

22

Transverse scan perpendicular o the long axis of the left ventricle. The left ventricular
end-diastolic (DD) and end-systolic dimensions (SD) are measured where the left ventricular
cawity is largest and at thetr respective times in the cycle as indicated by the elecrrocardiogram.
Calibration points are 1 cm apart. (Abbreviations: IVS=interventricular septum; LVPW =
left ventricular posterior wall)

echocardiographic traces from the anterior and posterior
aortic root znd left atrial dimensions. An example of
ieft ventricular echocardiogram, where both the endo-
cardium of the left side of the interventricular septum
and of the left ventricular posterior wall are seen is
shown in panel B.

Angiocardiographic studies

Selective single plane left atrial cinenagiograms were
made at 8o frames per second in the right anterior
obligue position. Tfrogafin 60 per cent (0-75 mlfkg body
weight) was injected either in the left atrium or in the
pulmonary artery. Quanritative single plane left ven-
tricular cineangiograms were all dome in the right
anterior oblique position at 80 frames per second. The
same amount of Urografin was injected into the left
ventricle through a retrograde catheter preperly posi-
tioned in the left ventricle. An electrocardiographic lead,
cineframe markers, and the timing of the contrast injec-
tien were recorded on a multichannel recorder.
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FI1G, 2 Panel A shows a standord echocardiogram used for left atrial dimensional measure-
ments. The aortic walls and the loft arrial posterior wall are visualized. Arrows indicate the
internal dimensions of both the aortic root (Ao) and left atrivm {L.A). Calibration points are
¥ cm apart., A standard left ventricular echocardiogram is represented in panel B, Left ven-
tricular dimensions at end-diastole (DD) and at end-systole (SD) are indicated by arrows.
The diastolic dimension (DD) is measured at the R peak of the simultancously recorded electro-
cardiogram.

Echocardiographic and angiocardiographic
data analysis .

Echoe data Ognly the best quality tracings of each
patient were selected for this study., For left atrial dimen~
sional measurements, echocardiographic recordings
were used where the anterior and posterior zortic wall
and left atrial posterior wall were seen during several
cardiac cycles, The typical motion patterns of these
structures have been described elsewhere (Hirata ez al.,
1969 ; Feigenbawm and Chang, 1972 ; Popp and Harrison,
1973). Arbitrarily the distance between the anterior sur-
faces of the anterior and posterior aortic walls was con-
sidered to be the dimension of the aortic root, and the
distance between the posterior aortic wall and the an-
terior echoes of the left atrial posterior wall was taken
as the left airial standard anteroposterior dimension
{Popp and Harrison, 1973)- All measurements were
done at end-systole at which time the largest left atrial
diameter was considered to be present. Measurements
during 3 to 5 consecutive cardiac cycles were made and

expressed in mm (see Fig. 2A). For analysis of the left
ventricular dimensions, tracings were selected where
the endocardium of both the interventricular septum and
left venrricular posterior wall were clearly seen simul-
taneously (Fig. 2B). Measurements were done at the
peak of the R wave for the end-diastolic dimensions,
while the smailest distance between the interventricular
septum and left venrricular posterior wall was considered
as the end-systolic dimension. End-systolic volumes
were calenlated as 1-047 SDP° (where SD is the end-
systolic dimension in cm) and end-diastolic volume as
1-047 DD® (where DD is the end-diastolic dimension
in cm). Indeed, the volume of a prolate eliipse is (w/6)
LD2, where L is the long and I} the miner axis. If one
assumes L=2D, the formula becomes (27/6) D? or
1-047 D3, Stroke volumes were calculated as the differ-
ence berween end-diastolic and end-systolic velumes,
Ejection fraction is stroke volume divided by end-
diastolic volume. All the volumes were corrected for
bedy surface area and expressed in mlfm?=.
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Angiocardiographic data The left atrial area vis-
ualized on the right anterior oblique cineangiograms was
measured by planimetry using a specizal projecting table
(Autorrol Corp-model 3400 Curve Tracer). The largest
left atrial area-curve was used for comparison with the
left atrial echo dimension. The areas were corrected for
x-ray magnification using a fiimed standard grid at the
mid-level of the heart. The left atrizl area is expressed
in mm?®. Left ventricuiar volumes were calculated from
the area and length of the left ventricle measured on the
same projecting table and corrected for x-ray magnifica-
tion by means of the area-length method for volume
calculation for films taken in the right anterc-oblique
position as described by Greene et al. {1967). The cine-
frame at the R-peak of the electrocardiogram was taken
as the end-diastolic velumne and the smallest volume as
the end-systolic volume. Stroke volume of the left ven-
tricle 1s end-diastolic minus end-systolic volume.
Ejection fraction is the ratic of systolic volume to end-
diastolic volume,

Statistical analysis Data were analysed by a statis-
tical programime on a PDP 9 computer, using standard
regression techniques {Fisher, r970).

Results

Left atrial size studies

The diagnosis and the results of the 24 patients are
given in Table 1. The left atrial areas calculated
from angiographic and the left atrial and aortic
echographic dimensions are listed with and without
adjustment for body surface area. The mean angio-
graphic left atrial area was 4294 mm?® (2512'6 mm?/
m? body surface area), with a standard deviation
(SD) of 1599 mm? (861 mm?/m? body surface area).
The mean left atrial echocardiographic dimension

ten Care, Kloster, van Dorp, Meester, and Roelandt

was 43-0mm with a 5D of 16-3 mm, afrer adjusc-
ment for variation in body surface area it was 251
mm witha SD of -1 mm. Fig. 3A shows the relation
between the body surface area adjusted angio-
graphic left atrial areas and left atrial echographic
dimensions. The correlation coefficient r is o-88.
The calculated regression equation was left atrial
dimension = 0-009 x (angiographic) + 1-7 with a stan-
dard error of the estimate (Sy.x) of 4.3 mm/m? The
left atrial dimensions of patients with valvular heart
disease and the one with cardiomyopathy (mean:
54°3 mm + 14'8) were clearly different from the left
atrial dimensions in the cther 11 patients (mean
300 mm + 6-2). The range of the left atrial dimen-
sions is large, and ir is impossible to separate nor-
mals from these with left atrial enlargement. In an
attempt o standardize and to improve the reliability
of the estimation of left atrial enlargement, the ratio
of left atrial 10 aorric dimension was calculated in all
patients. Fig. 3B shows the correlation between this
ratio and the left atrial area (r=0-82). This ratio
was found to be higher than 1-0 in only z of 25
normal subjects (mean o-go with a SD of o-13),
while in 27 patients with mitral stenosis the ratio
was considerably higher (mean 1-93 with a SD of
0-48). It appears, thercfore, that the ratio left
atrium to aorta allowed separaricn of patients in
whom left atrial enlargement was present from those
in whom it was considered to be absent (Fig. 4).
Absolute left atrial size in the same patients yielded
wvalues that fell in the normal range in 20 per cent of
patients with long-standing and chronic atrial
fibrillation (18—40 mm; Hirata er al., 1969),
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F1G, 3 The left panel shows the correlation between the echocardiographic left atrial dimen-
sion and left arrial area as determined by cineangiography. Both values for Ieft atrial size are
corrected for body surface area. Right panel: Correlation between the ratio of left atrial and aortic
root dimensions by echocardiography and the left atrial area as determined by angiocardio-
graphy, The broken lines represens the calculated regression lines and the stippled area the stan-

dard error of the estimate (Sy.x).
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F1G. 4 The LAfAo dimensional ratios are shown for
25 normal subjects and 27 patients with mitral stenosis.
Nete that all normals centre around 1 and that there
is a clear separation from patients with mitral senosis.

Left ventricular volume studies

Tables 2 summarizes the results in the 35 patients,
The uncerrected mean values for the echographic
determined DD and SP were 51-6 and 40-83 mm.
Standard deviations from the mean were 10-04 and

LV end-diastolic volume

7-29 mum, respectively. Mean values for echocardio-
graphic and angiographic calculated end-diastolic
volumes were g2+6 and 97-0 ml/m?. Standard devi~
ation is 423 and 419 ml/m® The correlation
coefficient is o-g7 and the calculated regression
equation: echocardiogram (EDV) =098 angiogram
(EDV)—2-22. The standard error of the estimate
(Sy.x) is 1063 mi/m?

Mean end-syswlic volumes by echocardiogram
and angiogram are 44-3 and 45-6 ml/m? (standard
deviation +z9-0 and 35'5 ml/m?), The correlation
coefficient is 0-96, The regression equation is echo-
gram (ESV)=0-83 angiogram (ESV)+-6-30 with
Sy.x=38.30ml/m? Fig. 53 and b show the relations
between the angiographic and echocardiographic
end-diastolic and end-systolic volumes, respectively.
Mean stroke volume by echocardiography and angio-
graphy is 485 and 51-4 ml/m? (standard deviation +
19'5 and 132 mi/m?). Both methods correlate with
r=0-82 and r=o-79, respectively. The regression
equation. is: echogram (SV) = 1-21 angiogram (SV) -
14'02 and Sy.x= 1107 ml/m*.

Mean ¢jection fraction is 543 and 44 per cent
by echocardicgraphy and angiography, respectively,
with standard deviation+13-08 and 11-7 per cent.
The regression equation is echocardiography (EF) =
0-88, anglography (EF}+4'94 with Sy.x=7'9 per
cent. Fig. 6a and b show diagrammatically the re-
lations between both by angiogram and echocardio-
gram calculated stroke volume and ejection fraction.

Discussion
Only one previous study deals with the feasibility
of assessing the left arrial size from a single antero-
posterior echocardiogram dimension (Hirata ez al.,
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FIG. § The left panel shows the correlation between end-diastolic volumes caleulared from
echocardiography (ordinare} and angiography (abscissa). The right panel shows a plor of the
end-systolic echographic volumes against the angiographic end-sysiolic volumes. Solid line is
Iing of {dentity, broken line the regression lne, and the stippled area represents the standard error

of the estimate (Sy.x).
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¥F1G. & Comparison of total left ventricular stroke vohwmes (left panel) and gjection fractions
(right panel) by echocardiegram and angiogram. The line of identiry is the solid line, the re-
gression ling the broken line and the stippled arveq the standard ervor of the estimare.

196¢). These investigators found a good correlation
with the left atrial area measured from selective
left atrial cineangjograms in the right anterior
oblique position (r=o0-91), Shortly after this study
the walls of the left atrial chamber were also identi-
fied echocardiographically by means of Cardio-
green dye injections (Gramiak, Shzh, and Kramer,
1966 ; Feigenbaum et al., 197¢) which, by the added
contrast {echoes from the blood containing the dye),
permitted the validation of the accuracy of the
echographic mesurements. The left atrial size has
also been assessed from the suprasternal transducer
position. (Goldberg, 1971). The dimensions obained
in that study are about 30 per cent larger but the
number of cases reported was not very large. The
present study confirms the validity of estimating
the left atrial size from a single anteroposterior
standard dimension since the correlation coefficient
(r=0-88) was high and standard deviation smali.
The assumption made in the present study and in
that by Hirata er al, (196¢) was that the cineangio-
graphic left atrial area in the right anterior oblique
position is representative of the left atrial chamber
size or volume. This is a questionable assumption
for a normal left atrium bur may well apply 1o en-
larged lefr atria where the angiographic evidence
shows thar the shape becomnes more globular. The
problem in the use of left atrial dimensions is that
there is a iarge variation n the normal lefr acrial
dimension while correction for body surface area
will reszrict the range of normal values (Hirata er al.,
1969). The late arrium/aorta ratio was found o be a
useful empirical index in the individual patient at
the bedside and gave betrer separation berween, the
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normal left atrium and left atrial enlargement than
the absolute left atrial size. It is known from surgical
experience that the sinuses of Valsalva, where echo-
cardiographic dimensions are measured, rarely
dilate in chronic acrtic valve disease (poststenotic
dilatation is always above the sinuses of Valsalva so
that aortic dilatation should not invalidate this
ratjo). The application of echocardiography and
its clinical usefulness in rhe estimation of left ven-
tricular volumes has been shown in many recent
studies (Popp et al, 1969; Popp and Harrison,
1970; Pombo er al., 1971a, b; Fortuin ef al., 1971;
Feigenbaum er al., 1972; Murray er al, 1972;
Belenkie et al., 1973; Gibson, 1973; Ratshin ez a/.,
1973). Corzelation coefficients in rhese studies for
end-diastolic volumes ranged from r=0-84 to 0-97.
Values ranging from r=o-85 10 097 have been
found for end-systolic volumes. In addirion to the
estimation of left ventricular volumes, its pump
function has been assessed from derived para-
meters such as stroke volume and ejection fraction
(Pombo er al., 1971a; Fortuin e al., 1971; Fortuin,
Hood, and Craige, 1972; Feigenbaum ez al., 1972).
Correlation coefficients for ejection fraction in the
different reports are consistently less than for end-
diastolic and end-systolic volumes and varied from
r=069 to 0-8I.

The major problem in the caleulation of left ven-
tricular volumes by the conventional ultrasound
method is that only one single dimension is em-
ployed to calculate the volume of the three-dimen-
sional lefr ventricular chamber. With the assump-
tion that the left ventricular charnber approximates
the shape of an ellipsoid of revolution, the measured
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echogram dimension is assumed to represent the
anatomical {or angiographic) minor left ventricular
axis. It also implies that the measured dimension
has a constant relation to the axis of the left ven-
tricle at both end-systole snd end-diastole and that
this minor axis is indeed half as long as the long
axis. It has been shown in experimental studies thar
major inforrmarion about left ventricular volume and
its change can indeed be obtained from its minor
axis alone (Rushmer, Crystal and Wagner, 1953;
Hawthorne, 1961 ; Lynch and Bove, 1969).

Two questions arise in the clinical situation
where hearts may assume different shapes: 1)
should the same formula which is applied to a small
(normal) heart be used for an enlarged (diseased)
heart, and 2) what errors are introduced by localized
disorders in wall motion? 1) It is known that the
minor axis becomes relatively larger as compared
io the long axis in dilated ventricles (Fortuin et af.,
1971; Teichholz er al., 1972; Popp and Harrison,
1973). Though there are only a few patents with
larger left venrricular volumes included in this
series from which to draw any conclusions, it was
found that no systematic overestimaton of the
larger volumes occurred, though this could have
been expected particularly when the left ventricular
shape was more spherical. In addition other recent
studies demonstrate that echocardiography allows
reliable quanrtitaton of end-diastolic and end-
systolic volumes over a wide range of left ven-
tricular sizes (Rarshin ez al., 1973) by applying the
volume formula of 2 prolate ellipse. 2} Since coronary
artery disease presently represents the largest group
of patients in cardiological practice, the second
question is more important. While the majority of
these patients do not have pronounced dilatation of
their left ventricle, most of them do have abnormaliy
contracting segments. Thus, the use of the echo-
graphic tinor axis should be reasonably accurate in
the calculaton of end-diastolic volume but the
estimation of end-systolic volume might not be
satisfactory. It was indeed found that angiographic
and echocardiographic end-systolic volumes did not
correlate as well as did end-diastolic volumes.
Furthermore the accuracy of the echographic esti-
mated end-systolic volumes appeared 0 be related
0 the focation of the dyskinetic or akinetic segment
and not o its extent (Ratshin et al., 1973). These
observations seern to invalidate the derived stroke
volumes and ejecrion fractions, particulatly in this
group of patients where the non~invasive continuous
assessment of the left ventricular function is most
desired. However, good semi-quantitative est-
mates of left ventricular volumes and function can
be obtained from echographic measurements. Its
non-invasive nature and the potential of serial de-

terminations (Redwood, Henry, and Epstein, 1973},
even in the crideally ill, stimulate conrinuing re-
search in this field.

We are grateful to Mrs. I, Tiggelaar — de Widt and Mrs.
S. Leenheer for their technical assistance.
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Multidimensional echocardiography
An appraisal of its climical usefulness

J. Reelandt, F. E. Kloster, F. J. ten Cate, W. G. van Dorp, J. Honkoop,
N. Bom, and P. G. Hugenholez

From the Department of Clinical Echocardiography, Thoraxcenter, Erasmus University, Rotterdam,
Netherlands

Multiscan is a new concept in echocardiography providing instantansous cross-sections of the keart in motion
without distortion. The examination technigue and the present display and recording methods are described and
discussed i1 some detail.

Multiscan provides important anatomical and functional information in the non-invasive diagnosis of
congenital malformations and of valvular heart disease. The size, shape, and overall function of the left
ventricle can be assessed.,

Localized disorders of wall motion are also detected, making the instrument useful for the study and follow-
up of patients with coronary arfery disease.

Quantitative measurements of cardiac dimensions and calcwlation of left ventricular volumes using the
area-length method can be obtained. From the vesults presented in this paper one may conclude that the con-
cept of Multi-element echocardiography is a valuable extension of the now widely accepted single element
techmique and offers vast possibilities for the screeming, study, and follow-up of patients with cardiac disease.

Echocardiography is now established as a unique
non-invasive diagnostic aid for many congenital and
acquired cardiac diseases (Gramiak and Shah, 1971;
Feigenbaum, 1972 ; Meyer znd Kaplan, 1973; Popp
and Harrison, 1973). However, in most studies
where single element probes are used, only a selected,
narrow, portion of the heart is explered in depth and
recorded as a function of time (time-motion or M-~
mode). Therefore, no direct information abour the
anatomical relations of specific cardiac structures or
about the activiry of the heart as a whole is available.
Yet, the importance of and the need for a multi-
dimensional echographic display of cardiac siruc-
tures has been demonstrated by the many attempts
over the last few years to visualize the entire cardiac
configuration with its true anatomical relations
(Asoerg, 1967; Ebina er al, 1967; King, 1973;
Kikuchi and Okuyama, 1970; Hertz and Lind-
strim, 1972; Gramiak, Waag, and Simon, 1972).
Such a cross-sectional image should afford great
advantages in the study of patients with valvular
and congenital malformations. In addition, it would
allow determination of the ventricular volumes and
wall motion. Techniques described so far, however,
Received 31 August 1973.

produce ‘frozen’ images of the heart (Ebina ez al.,
1967; King, 1973; Kikuchi and Okuyama, 1970) or
have limited frame rates {Asberg, 1967; Herrz and
Lindstrém, 1972; Gramiak et al, 1972), In fact,
real time information about the dynamic function
of the heart cannot be obtained with these tech-
nigues.

The present study provides the first clinical
evaluation of a system with which two-dimensiorzal
cross-sections of the heart were recorded in real
time with good resolution ar 8o frames a second.
Cardiac structures are visualized in their true
anatomical relations and Important functicnal in-
formation is obtained. In this paper, the examina-
tion techniques and the clinical applications of the
system will be described in more detail,

Methods

The technical aspects of the multiple element echo
system® have been described in detail in previous papers
(Bom ez al., 1971, 1973a; Bom, 1972; Roelandt ¢ al.,
1673). The core of the system consists of an 8 em linear
array of 20 fixed ultrasound elements. From each element,

* BCHOcardioVISOR or, Organon Teknika, Oss, The
Netherlands,
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the video signal of the returning echoes is converted to
intensity or brightess dots (B-mode) and displayed on
the horizontal axis of the oscilioscope. The anterior chest
wall is always to the left on the display. The location of
the signal from each element on the vertical axis of the
oscilloscope corresponds to the position of the element in
the transducer. Rapid electronic scanning of all elements
and appropriate display of the echoes results in the
instantaneous display of moving structures. Presently a
4c line oscilloscope image is produced by an ‘inter-
lacing’® technique (alternacing shift of 2 mum of the image)
to provide a more pleasing image. This reduces the
effective frame rate to 8c frames a second or half the
original repetition rare. Patient identification symbols,
the continuous electrocardiogram, and rhe cross-sectional
image are displayed simulianeously on the oscilloscope
face. By means of display of the electrocardiogram of the
three preceding seconds at the bottom of each frame, the
exact correlation with the cardiac cycie is achieved.

Deprh calibration can easily be performed in the same
way a5 with conventional echo systems using a calibrated
perspex block., Markings on the oscilloscope screen
allow adjustment to the approximate § x 16 cm viewing
area. For the figures shown in this paper, a correction
factor can be calculated, as the height of a frame always
corresponds to 8 cm in the original recordings. The
energy levels of the ultrasound in the system were
measured in a water tank. Ulrsasonic intensity is usually
expressed as average intensity in watts per cm?; the
average ACOUSTc intensity was found to be 0-6 mwarts/
cm? at 2-25 MHz. Ar 45 MHz it was 2 mwartsfem?.
Both were measured 6 em in front of the centre of the
transducer in a water tank. Peak intensity was measured
@ be o7 watisjem? and 36 watisjcm®, respectively.
These intensities are well within recognized lirnits of
safery (Woodward, Pond, and Warwick, 15703 Ulrich,
I1971).

Recording techaiques

While the best images are those directly available on the
oscilloscope display at the time of study, permanent
records are required for subsequent analysis, However,
production of & ‘hard copy’ of the same quality as the
original study poses serious problems. In our laborarory,
several recording methods are used and have been
aspessed for specific applications.

Magnetic videotape

For routine studies, all data are stored on magnetic
videotape which allows playback for motion studies later,
Tt was found that abour 30 per cent of the quality of the
original image is lost in the process. This is chiefly be-
cause of the rather slow frame speed of the video system
as compated to the multiscan frame rate and the time-
constznt and limited semsitivity of the video camera.
Motion, however, is preserved though the details of
finer structures, such as valve cusps, may be lost.

Cinematographic film

The original oscilloscope image can be recerded on
16 mm and 35 mm cine film. However, since the camera

fval
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speed is less than the frame rate of the mmitiscan, the
echo dots are superimposed on one film frame. This
results in smearing. Increasing the film speed to 8o
frames per second creates prablems with film exposure
time and synchronization. The quality of the images is
good when viewed in motien but the guality of each
individual frame is poor. However, interpretation and
gualitative assessment of left ventricular dynamics is
quite possible with the cine film recordings.

Polaroid photographs

Single frame phorographs can be made from the oscillo-
scope screen by Polareid camera. Their quality is reason-
ably good for quantitative measurements. Triggering
from the QRS complex allows the recording of frames at
selected moments in the cardiac cycle, such as end-
systole and end-diastole. Pelarcids are presently used for
outlining the left venrtricle and calculation of volumes.
Furthermore, they are guite suitable for documentation
of specific anatomical abnormalities bug, with this record-
ing technique, metion is not preserved. Most of the
figures included in this paper are Polaroid photographs.

Individual ¢lement recording

‘The signal from any selected element of the multiscan
wansducer can be recorded on the line scan recorder! in
the M-mode. This combines the two-dimensional
orfentation facility of the multiscan with single <lement
recording and facilitates measurements on selecred lines
of which the position through cardiac siructures is
known. The resolution and definition of specific echoes
is comparable to conventional single element M-mode
recordings.

Line scan records

Complete frames can be recorded on the line scan
recorder.! The format of these images is small (19 % 40
mm), being limited by the recorder paper speed. An in-
crease in size of the images by a factor of 2 would call for
inecrease of recorder paper speed from 500 To T000 mm/
sec in order to keep the cross-sectional geometry correct.
However, definition of the echoes is good and this re-
cording technique is most promising. These ‘postage
starnp size’ pictures are recorded at z§ frames a second
simultaneously with the electrocardiogram.

Examination technique

Position of patient

Patients are examined in the supine position, with the
head of the bed raised about 20° to 30°. A change in the
position of the patient occasionally enhances the images.
In our experience, turning the patienc slightly on his left
side allows better visualization of the interventricular
seprum and left ventricular posterior wall simmltaneously.
This is especially important for dimensional measure-
ments and the outline of the left ventricle for the calcu-
lation of lefr ventricalar velumes.

1 Honeywell 1856 Visicorder.



Transducer positions

The transducer can either be held in a fixed position on
the chest or 2 scanning movement can be performed. It is
clear that the exact position and direction of the probe
will differ from patient to patient and the described
technique is only applicable when no significant changes
in the configuration or position of the heart are present,
A routine multielement echographic examination should
always consist of displaying the long-axis cross-section
first, followed by a transverse cross-section through the
left ventricular cavity and a transverse scan.

Long-axis or oblique position In this position, the
transducer is placed obliquely to the left of the sternum
with the upper end at the costosternal border. The
lower end is angulated laterally about 25° from the mid-
tine. This produces a cross-section through the long axis
of the heart in a sagittal plane from the base of the heart
toward the apex (Roelandt ¢r al., 1073; Kloster e al.,
1973a). When the probe is pointed straight postetiorly,
the aortic root is the first structure identified in the upper
part of the screen. Slight tilting of the probe to the right
or left establishes that position in which both the acrtic
root and the cusps are seen. In this position the left
atrium is posterior and part of the right ventricular
cavity andjor pulmonary outflow tracr are anterior to the
acrta. The anterior leaflet of the mitral valve can be
seen as it extends downward in direct continuity with the
posterior aortic wall {mitral-aortic continuity), The inter-
ventricular septum is usually less clearly identified as the
structure which extends directly from the angerior aortic
wall (septal-aortic continuity) into an anterior direction.
Improved definition of the wall of the left atrium and the
posterior wall of the left ventricle can be obtained when
the transducer is aimed to the patient’s left, When the
probe is slightly directed to the right of the patient, the
interventricular septum, right ventricular cavity, and
pulmonary outflow tract can be better seen.

Transverse position and scan In the transverse
position the transducer is placed tc the left of the
sternum, perpendicular to the long-axis position and
approximarely along the 3rd or 4th intercostal space.
The upper end of the transducer is to the patient’s right
and forms the top of the image on the oscilloscope. The
resulting image is a transverse cross-section through both
the right and left ventricle at a +90° angle with the long
axis of the heart (Roelandt er al,, 1973; Kloster et al.,
19732). The left ventricle is posterior to the right ventricle
with the interventricular seprum at a slight angle from
the upper right to the lower left. By dlting the trans-
ducer in a superier or an inferior direction, 2 two-
dimensional transverse scan of the heart along the long
axis can be performed (Fig. 1). A tilt in a superior direc-
tion establishes that position where the cross-sections of
the right and left ventricles are largest and where the
interventricular septumn is best defined (Fig. 24). The
anterior leaflet of the mitral vaive can be identified by
its movement in the left ventricular cavity. Directing
the probe slowly superiorly shows the interventricular
seprum merging into the anterior aortic wall (septal-
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aortic continuity) and the anterior leaflet of the mitral
valve inte the posterior aortic wall (mirral-aortic con-
tinuity). In the transverse cross-section when the base
of the aorta is seen, the left atrium is sometimes clearly
outlined posterior to the aorta (Fig. 2B). During thig
scan, the anterior tricupsid valve often becomes visible
in the cross-section just below the zorte. In infants,
where calcified structures in the anterior chest give no
impediment to sound transmission, it is actually possible
to displace the transducer stepwise from the apex towards
the base and the great vessels, resulting in successive
parallel cross-sections. The transverse scan and/for step-~
wise displacement of the transducer is very important
for the diagnosis of congenital malformations, as cross-
sectional anatomy can be assessed without any distor-
tion.

Results

Up to the time of writing, 296 patients have been
studied with the system. In the first 100 patients,

F1G. 1 A schematic drawing of the transducer in
the transverse position on the chest. The upper end of
the transducer is to the patient’s right and is the top of
the cross-section displaved on the oscilioscope. By
tilting the transducer a two-dimensional fransverse
scan along the long axis of the left ventricle is per-
formed. The reswlting image in posivion A is a reans-
verse cross-section through borh the right and left
ventricle, In position B, the root of the aorta is
visualized with the right venrricular outflow rracr
anzerior and rhe left atrium posterior 1o it (see Fig. 2).
During this scan a large part of the lefr ventricle can
be studied and the sepral-aoviic and mirral-aornic
continuiry can be examaned.

D
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FIG. 2

T'wo transverse cross-sections are shown with the wransducer in positions A and B as

shown in Fig. 1. The anterior chest wall is 1o the left. The resulting cross-section in position A
15 seen in panel A. The left ventricle (L17) is posterior to the right ventricle (RV") with the inter-
ventricular septum (IV.S) at a slight angle from the upper right to the lower left. (LVPW =left
venrricular posterior walil)) The lower cross-section is obrained with the transducer in position B
(Fig. 1). The root of the aorta (Ao) is clearly delineared with the left arriwm (LA) posterior
and part of the right ventricle (RV") anterior 1o it. The cross-sections were obrained in o patient
wwith cardiomyopathy. The size of the left venrvicle is enlarged and there is also left atrial enlarge-

ment due to witral incomperence.

efforts were directed 10 develop the most efficient
examination technique and to establish standard
views for rapid recognition of the different cardiac
structures and caviries, as described agbove. Clinieal
evaluation forms were used to determine the cap-
abilides of the system, including the overall quality
of the study, the frequency and guality of recog-
nitjien of specific struetures, and rhe possibility of
making a clinical diagnosis from the oscilloscope
display. The results are described in detail elsewhere
{Roelandt et al., 1073; Kloster ¢t al., I973a; Bom
et al,, 1973b). In brief, good or excellent studies with
satisfactory recognition of the mirtral and =zortic
valves and left ventricular walls were possible in
over two-thirds of all adults and In nearly all in-
fants and children. Specific cardiac diagnoses could
be made in zbout 40 per cent of patienrs.

Applications of system in diagnostic cardiology
Normal cardiac cross-sections The cross-
section of the heart obrained by the multiscan with
the probe in the oblique positioz is the same as thar

plane through which the single element is rocked
when one performs a sector scan from the apex
rowards the base of the heart (Feigenbaum, 1972).
However, these structures are now visualized two-
dimensionally in their true anarornical relations and
in real time motion. Such a cress-section is shown
in Fig. 3 in diastole and systole. The antericr and
posterior aortic walls present as two parallel echoes
which move anteriorly during systole and poster-
iorly during diastele. The sinuses of Valsalva can
usually be outlined and the cusps are seen centred in
the acrtic root in diastele. In the best studies they
can be followed during cpening and throughout
systole as well. As the left atrium is posterior to the
aorra and irs dimension normally never exceeds
that of the aorta, confusion with this structure is
impossible. The anterior leafler of mirral valve is a
direct continuation of the posterior aortic wall
(mitral-aortic continuity) and terminates in the
region of the posterior papillary muscle. Therefore,
the anterior leaflet of the mirtral valve is usually best
seen with the probe in the long axis posidon. It
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F1G. 3 End-diasrolic (A) and early systolic (B) long-axis cross-sections are shown. For orienta-
tion see diagrams, The aortic root (Ao) s seen in the upper centre with the cusps visible in diastole.
The right ventricular outflow tract (RV'O) is anterior 1o the aorta and the left atrium (LA4)
posterior to it. The imterventricular seprum (IV'S) is in continuity with the anterior aortic wall
(sepral-aortic continuiny) and the anterior mitral valve leafler (a MV L) with the posterior aoric wall
(mitral-aortic continuiry). The anrerior mitral valve (aMVL) in diastole is in an open anterior
position and in a posterior and superior position when closed in svstole. The right end of the electro-
cardiographic rracing indicates the position of the cross-section in the cardiae cycle. (LY =left
ventricle; LV PW = left ventricular posterior wall.)

appears a5 a thin, freely moving structure which
travels anteriorly in early diastole, closes partially,
then reopens during atrial contraction. During
systole, closure of the mitral valve takes place
primarily by a posterior and superior movement of
the anterior leaflet of the mirral valve against the
posterior leafler. It is difficult to define the free edge
of the anterior leaflet as it often appears as a con-
tinuous structure from the posterior aortic wall to
the posterior papillary rmuscle, including the chordae.
The motion of the posterior leaflet of the mitral
valve varies berween individuals, but is always much
shorter, less mobile, and moves In the opposite
direction from the anterior leaflet in diastole, The
interventricular septumn js in continuity with the
anterior aortic wall (septal-aortic continuity). In
general, the left side of the interventricular septum
is clearly secen whereas the right side may only be

definable when some right ventricular enlargement
is present. The left ventricular epicardium and
pericardium are the best reflectors for ultrasound of
the heart and the left ventricular posterior wall is
clearly delineated posteriorly by these echoes.
Anterior to these, multiple echoes are seen which
represent myocardium and endocardium. This was
verified by recording the echoes of each line of the
multiscan in time-moticn on the line scan recorder.,

The cavity of the right ventricle and the pul-
monary outfow tract are only well delineated when
right ventricular hypertrophy or dilatation is present.
Of great impottance is the study of the movement
of the left ventricular wall. The long-axis cross-
section closely resembles the outline of the left
ventricular cavity as scen on the Ieft ventricular
angiograms in the right anterior oblique position.
Therefore, it is possible to analyse the contraction
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END-DIASTOLE

END-SYSTOLE

end-diastole

FIG. 4 Iransverse cross-sections in
and end-systole in a normal individual are shown. The
lefr ventricular cavity is clearly outlined. Motion of
the veniricular walls in this cross-section was sym-
metrical and this could easily be assessed om the
oscilloscope display,

pattern and motien of the septum and posterior
left ventricular walls, Furthermore, with the trans-
verse scan, the contraction of the left ventricular
myocardium, can be studied in different cross-sec-
tions and a greater percentage of the left ventricle is
ageessible for wall motion analysis than with con-
ventional angiographic techniques. By way of ex-
ample, Fig. 4 shows a diastolic and systolic trans-
verse cross-section of the left ventricle. Though in
this single frame representation real-time motion is
lacking, the symmetrical contraction of the left
ventricle is clearly shown.

Valvular heart disease In mitral stenosis altera-
tions are seen in mobility and thickness of the
anterior leaflet of the mitral valve. In mild mitral
stenosis the anterior leafler appears stiff, and motion
is jerky and decreased in amplitude. There may
even be anterior diastolic bulging. With severe
stenosis the leaflets are fived and the entire valve
moves as a unit (Fig. 5, 6, and 7). Except for some
cases with mild mitral stenosis, one sees the posterior
leaflet of the mirtral valve moving in the same diree-
tion with the anterior leaflet in diastole instead of in
the opposite direction, as occurs, normally. A fibrotic
and/or a calcific valve is indicared by dense, thickened
echoes mmost apparent in the ancerior leafler (Fig.
3, 6, and 7). The enlarged left atrial cavity is usually
well delineated; its cross-gsectional dimension is
larger than the aortic diameter and the increase is
proportional to the degree of enlargement (higher
LAjAo ratic) (ses Fig. s, 6, and 7). With pulmonary
hypertension, the right ventricular caviry is en-
larged and the tricuspid valve becomes visible. The
presence of concomitant mitral regurgitation in
patients with mitral stenosis cannot be diagnosed
with the muiriscan system. However, in some cases
with predominant mitral regurgitation, an increased
excursion of the anterior leaflet of mitral valve is
seen. The presence of an enlarged left atrium
together with an increased left ventricular volume
supports further the diagnosis of mitral regurgita-
TIOL.

An exaggerated movement of the amplitude of the
anterior leaflet of the mitral valve is seen in patients
with prolapsing mirral valve syndrome during
diastole. Actual prelapse in systole of the anterior
leaflet past the posterior leaflet has been seen in two
patients. The posterior leaflet of the mitral valve
rarely shows this excessive movement. Thickening,
calcification, and decreased mobility of the cusps can
readily be seen in acrtic valve disease (Fig. 5, 6, and
7). In severe calcific aortic stenosis, the valve appears
as a series of dense, thick echoes in diastole which
separate incompletely during systole. In mild aortic
stenosis, elther an Inmoebile anterior (right coronary)
cusp or posterior cusp can be seen (Fig. 7). Con-
comitant features are poststenotic dilatation of the
aorta and increased left ventricular wall thickness.

Coronary artery disease A general qualitative
assessment of the state of lefr ventricular function
can be made immediately from cardiac size, shape,
and wall moricn. In general an enlarged left ventricle
has a more round geometric shape while its dimen-~
sions are increased, The mortion pattern can be
studied, and localized or generslized disorders of
contraction detected, The sagittal long-axis cross-
section shows the interventricular septum and the
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FIG. 5 FEnd-diastolic and end-systolic frames in a patient with severe calcific aortic and mitral
stenosis. Both the anterior and posterior mutral valve leaflets are fixed and the entire valve (MV)
moves as a unit, arleriorly in end-diastole, and posteriorly in end-systole. The immobilized calci-
fied aortic valve remains visible during the whole cardiac cvcle i the widdle of the aorvic (Ao)
root. (RY =right ventricle; LY =left ventricle; IV'S = inrerventricular sepnum.) The left atriion

is extremely large.

left wventricular posterior wall. By transverse
scanning along the long axds, extensive sections of
the left ventricle become accessible for study. Most
difficuit to display are the apex and part of the
anterior wall merely because they are outside the
pericardial window. Regional akinesis, hypokinesis,
or dyskinesis can be recognized when the behaviour
of these areas is compared to the normal or exag-
gerated contraction of the rest of the left ventricle.
Furthermore, quantitation of left ventricular vol-
urnes and calculation of ejection fractions is possible
with the area-length method.

Congenital heart disease Since cardiac struc-
tures and their relations are visualized without
distortion with the multiscan technique, cross-
sectonal anatomy can be assessed. This makes the
diagnosis of congenital malformations a major
potential application. Thus far, however, our ex-
perience has been limired. Mitral-aortic and septal-
aortic continuity or discontinuity and the size and

orientation of the great vessels relative to the posi-
tion of the ventricles are visualized, providing
important information in many forms of complex
cyanotic congenital malformations, Septal over-
riding of an enlarged aorta has been observed in
patients with tetralogy of Fallot,

In patients with small left-to-right shunts no
specific abnormalities were seen. With larger shunts,
however, enlargement of the right wventricular
chamber because of the volume overload becomes
apparent. The most specific changes are related o
the interventricular seprum. The interventricular
septurn commonly runs posteriorly instead of
anteriorly from the aortic reet in the presence of a
significant shunt lesion (Fig. 8). Systolic anterior or
paradoxical septal motion has been described as a
reliable finding in right ventricular overload and
can be seen clearly with the multiscan display. We
have the impression thar the paradoxical mortion
never involves the whole intraventricular seprum.
The upper part moves always znteriorly and the
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A

Fi1G. 6 A transverse scan in the seme patient as shown in Fig. 5. Panel A shows thar cross-
section where the root of the aorta (Ao) is visualized with a dense thickened echo of the calcified
cusps (), Part of the calcified anterior mitral valve (aMVL) is seen in continuity with the
posterior gortic woll, The much enlarged left atrium (LA4) is visualized posterior to the aorta. In
an intermediate position (panel B), the interventricular septum (I1V.5) is seen at the same depth
as the anterior aoryic wall in panel A demonstrating septal-aortic continuity. There is a dense
thickened anterior mitral valve echo (aMVL) and the left atrium 15 stll visible at rhis level.
Further tilting of the transducer (see position A in Fig. 1) shows a cress-section through both the
right ventricle (R1V) and left ventricle (LV). A dense echo, most probably of caleified chordae,

is wisible in the legft ventricular cavity.

lower part posteriorly. The point around which the
interventriular septum pivots is lower in the
septum when larger shunts are present but no
systematic study has been undertaken yet. In all
patients with right ventricular chamber enlarge-
ment, the tricuspid valve is visualized and has in-
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creased motion amplitude. In the record shown in
Fig. 8 the pulmonary cusps were visualized also.

Cardiomyopathies In the hypertrophic types,
recently unified and described as asymmetrical
septal hypertrophy (Henry, Clark, and Epstein,



FIG. 7 Long-axis cross-section in another parient
with calcific aortic and mirral valve disease. A dense
echo of the posterior coronary cusp of the aoria re-
wuans wisible during systole. (RV =right ventricle;
IV S =interventricular  sepnom;  Ao=gorta; LA=
left awrium; aMVL = anterior witrgl valve leaflot;
LV =left ventricle; LVPW = left ventricular posterior
wall.)

1973), the most apparent features are increased
thickness of the interventricular septum and a
banana-like shape of the small-sized left ventricle.
Motion of left ventricular walls is normal or even
exaggerated. An enlarged left atrium points o co-
existent mitral regurgitation, Where abnormal sys-
tolic motion of the anterior leafler of the mitral
valve was present, it resulted in 2 narrow left ven-
tricular cutflow tract in those parients in whom an
outflow gradient was found during left ventricular
heart catheterization. Fig. ¢ shows the typical
appearance of the multiscan echocardiogram in a
patient with asymimnetrial septal hypertrophy and a
left wentricular outflow gradient, Asymmetrical
sepral hypertrophy is an instance which strikingly
illustrares the unique qualities of the multiscan for
instantaneous and complete diagnosis. In the dilated
or congestive types of cardiomyopathies a large left
ventricle of globular shape with generalized hypo-
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FIG. 8 A long-axis cross-section in @ patient with
atrial septal defect (secundum type) and pulmonary
Fypertension. A greatly dilated right ventricle (RV)is
apparent and the movements of both the tricuspid
valve (TL =tricuspid leaflet) and pulmonary valve
(high in the right ventricle) were seen on the oscilloscope
display. The structures were identified by their typical
motion partern on the M-mode recordings made from
the selected single elements passing through these struc-
tures. The inrervemtricular septum  (IVS) rums
posteriorly instead of anteriorly as seen normally (see
Fig. 3). This is a common finding with right ventricular
dilatation, Note also the enlarged left atrium (LA).
(Ao =aorta; aMVL=anterior mitral valve leaflet;
LV =left ventricle; LVPW = left ventricular posterior
wall.}

kinesis is so characteristic that the diagnosis is made
immediately (Fig. 2 and 10). The increased distance
Berween the anterior leaflet of the mitral valve and
the interventricular septum in contrast to the de-
creased distance in the hypertrophic types is another
characteristic finding. In all patients studied the
left atrium was greatly enlarged (Fig. 2).

Pericardial effusion A few padients with peri-
cardial effusion were studied. Small amounts of
fluid, detected with the single elemeént technique as
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FIG. ©  The wypical features found in patients with
asymmetrical septal hypertrophy are seen on this cross-
secrion. The thickened seprum (IV S} as compared 1o
the left ventricular posterior wall (LVPW) is clearly
shown and the banana-like shape of the left ventricle
is striking. The frame shows a systolic cross-section
and the anterior mitral valve leafier (aMVL) 1s in an
abrormal anterior position, close 1o the interventricular
seprum instead of in a posterior and superior position
as seen mormally. This causes narrowing of the left
ventricular outflow, and in this patient an outflow
gradient of SommHg ar rest was measured during
cardiac carhererization.

an echo free space between posterior epicardium and
pericardium during systole, were not visualized with
the multiscan. Larger amounts, seen on the M-mode
as an anterior and a posterior echo free space, were
always detected with the multiscan. An example is
given in Fig. 11. This patient had massive peri-
cardial effusion and a large amount of fluid in the
anterior pericardial space. In this case, an oscillar-
ing anterior-posterior movement of the whole heart
in the pericardial fiuid was seen. This total cardiac
displacement has been desceribed as a common find-
ing when large pericardial effusions are present
{Feigenbaum, Zaky, ar:d Grabhorn, 1966),
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Fi1G. 10 End-systolic and end-diastolic long-axis
cross—sections obtained from a patient with o dilated
congestive cardiomyopathy. An extremely large ven-
wricle of a globular shape is seen. Generalized hypo-
Finesis was immediately diagnosed from the ascilloscope
display and is here shown by the small changes of a left
ventricular dimension berween end-diastole and end~
svstole (89 om vs. 85 cm).

Applications for gquantitation and dimensional
measurements

In a first attempt to employ the system for quanti-
tative analysis, a comparison was carried out in 23
patients of the aortic root diameter measured from
calibrated angiograms and from videotape record-
ings of multiscan images. A significant correlation
was found {P <0001, x? test) with a small standard
error (Kloster ¢r af., 19732). When the interventric-
ular seprum and left ventricular posterior wall are
visualized and recorded simultaneously, dimen-
sional analysis of the lefr ventricle is possible. On
records from the line scan recorder with a selected
single line passing through the left ventricular
cavity good definition of the left side of the inter-
ventricular septurn and the posterior left ventricular
endocardium is usually obtained (Fig. 12). By selec-
tion of the most representative diameter of the left
ventricle, it should zlso be possible to calculate the



FIG. II

In this patienr with massive pericardial
effusion, a large echo-free space is recognized anterior
to the heart. (PF = pericardial flidd,) The whole heart
was displaced and the posterior hearr wall was at a
depth of abour 16 em. On the oscilloscope display, an
oscillating movement of the entire heart was demon-
strated,

rate of midwall circumferential fibre shortening, as
suggested by Paraskos et al. (1971) and Cooper ¢z al.
(1972). In addition, data on cardiac volumes with
the echocardiegraphic formulae proposed by Popp
and Harrison (1970), Pombo, Troy, and Russell
(1971), and Feigenbaum er of. (1972) should be
obtainable. As it is alsc possible to record both the
endocardium and pericardium separately, by chang-
ing the depth gain compensation, measurements of
lefr ventricular posterior wall and interventricular
septal thickness come within reach (Fig. 12). How-
ever, since multiscan provides instantaneous left
ventricular cross-sections suitable for the calculation
of left ventricular volumes from generally accepted
and anatomically correct angiographic formulae, this
approach was first pursued (Greene er al., 1967;
Sandler and Dedge, 1968). When the whole left
ventricle is visualized it proved pessible to measure
the iong axis and to owtline the left ventricular
cavity. Fig. 13 shows an end-diastolic and end-
systolic frame used for these measurements. To
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assess the possibilities and feasibility of this methed,
left ventricular volumes calculated from multiscan
frames and quantirative left ventricular angiograms
have been compared in 14 patients.

Multiscan end-diastolic volume showed a high
degree of correlation with angiographic volumes
(mean values o4 wversus 959 ml/m?; r=092).
However, end-systolic volumes determined by
multiscan were congistently larger than those de-
termined by angicgraphy (56'2 versus 44-5 mljm?;
1 =0'89), so that the stzoke volume by multiscan was
consistently smaller. As a result the left ventricular
gjection fraction by multiscan as compared to thar
by angiography is lower. This was also found with
other techniques of volume measurement which
sirnilarly indicate thar assessment of end-systolic
volume by angiography shows a systematic under-
estimaron of volume (Bartle and Sanmarco, 1966;
Hugenholtz, Wagner, and Sandler, 1968). The
methods and resalts will be discussed elsewhere in
greater detail (Kloster er al.; 1973b).

Discussion

At present there are many echocardiographic tech-
niques available to obtain two-dimensional informa-
tionz about the heart. All techniques based on B-scan
(Ebina er al., 1967; Kikuchi and Okuyama, 10790;
King, 1973) produce *frozen’ images of the heart at
a selected part of the cardiac cycle. As many cardiac
cycles are required to construct the image, changes
in cardiac pesition and difficulties caused by irreg-
ularities in thythm render these systems suboptimal
for clinical application. Asberg (1067) obtained two-
dimensional information with a mechanical mirror
system rotated over an arc of abour 30° at a rate of
seven frames a second. Hertz anéd Liindstrom
{1972} obrained 16 frames a second with a similar
system. For these mechanical rocking systems lim-
ited scanning rates, bulky transducer size, difficult
rransducer aiming, and image disrortion are some of
the problems. Gramiak et al. (1972) developed a
technique which produces ultrasonic cross-sectional
images of the heart in morion. However, cine-
ultrasound cardiography is time consuming and
there is some image distorticn as the wedge-shaped
section. of the heart obtained by the sound beam is
represented in a rectangular formar. None of these
drawbacks pertains to the multiscan system pre-
sented here. Thus, the capabiliies of diagnostic
ultrasound are expanded by instantanecus two-
dimensional moving cross-sections of the heart.
Furthermore, when compared to the negative
shadow images obtained with angiography, there is
the advantage of 3 positive cross-seccion of the heart
with all its structures visualized in a manner familiar
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INDIVIDUAL ELEMENT RECORDING.'

[icm

F1G. 12 This M-mode tracing is vecorded from a single slemeny of the wudriscon transducer,
The selected signal 15 the bright line running through the lgft venrricular cavity, seen on the insert
photograph. The patient has coronary artery disease with a hvpokinetic posterior wall and an en-
larged left ventricular cavity. Borh the interventricular septum and left ventricular posterior wall
are recorded with satisfactory resofution. Changing the time gain compensarion allows measure-
ments of interventricular seprum and left ventricular posterior wall thickness. This recovd is most
suitable for dimensional leftr wentricular measurements and calculation of dertved volime data.
(LYID, and LVID,=left wenrricular internal dimension during swstole and diastole; ch=
chordae echo; o= endocardium; p= pericardivm; YVS =interventricular seprtim, LVPW =left

wentricular posterior wall.)

te those who know cardiac anatomy. In addition,
information on the relations of cardiac strucrures is
provided without distortion.

Congenital malformations, especially in newborns
and infants, offer a major potential applicaticn for
the system particularly when the risk of unnecessary
catheterization may be avoided by appropriate pre-
selection of candidates by means of the echoscan.
Qualitative valve motion analysis in valvular heart
disease and evidence of thickening and/or calcifica-
tion in ¢ases with rheumatic mitral and aortic valve
disease is immediately available. Furthermore, the
size, shape, and contraction pattern of the left
ventricle can be interpreted and a qualitative assess-
ment of the left ventricular function made. Evalua-
tion of left ventricular function and detection of
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localized disorders of wall motion in patients with
coronary artery disease is a most promising arezs for
investigation. When the long-axis cross-section and
a fransverse scan are performed, a large part of the
left ventricle becomes accessible for study.

While the most unique application of the system
is the study of the dynamics of cardiac contraction
and valve motion, irallows also quanttative measure-
ments of cardiac dimensions and left ventricular
volumes. This is an area of major interest in clinical
cardiology teday. Despite the excellent correlations
between echo and angio volumes found in some
studies using the single element echocardiographic
techniques, it is not known if the echo axis truly
approximates the angiographic short diameter of
minor axis of the left ventricle (Pombo et ol, 1971;



END-DIASTOLE

END-SYSTOLE

FIG. 13 Examples of end-diastolic and end-systolic
Frames used for calewlation of left vemricular vohimes
are shouwn. The cross-section resembles the left ven-
tricular tmage obtained wirth angiocardiography in the
right anterior obligue position but is a mirror image of
it as rhe apex is 1o the left on the mulriscan images,
The aorta and mitral valves are clearly seen, and it is
possible to outline the interventriculgr seprum and the
left ventricular posterior wall readily, Calculations of
volumes are performed using the area-length method,

Feigenbaum er al., 1972). Indeed, to calculate the
volume from echo-determined left ventricular
dimensions, one has 1o assume that the measured
dimensions have constant relations to the axes of
the left ventricle both at end-systole and at end-
diastole. This is not true for dilated ventricles and
patients with segmental abnormalities of centraction
due to coronary artery disease, The multiscan
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systemn appears to offer a ready solurion, since the
precise location of each echo axis through the left
ventricle is known. As both the septal and posterior
left ventricular endocardial echoes are displayved on
M-mode recordings of a selected element from the
transducer, this information is also present on the
two-dimensional images (Fig. 12). Therefore a real
cross-section of the left ventricle is obtained com-
parable to the shadow of the left ventricle during
angiography in the right anrerior oblique pesition.
‘The area-length method proposed by Greene er al.
(1967) can be applied and, since both length and
area are measured, this method is applicable to
venrricles of all sizes and shapes. The initial results
of studies in 14 padents are encouraging. End-
diastolic volumes calculated from multscan frames
agree well with angiographically caleulated volumes.
There is a consistent overestimation of the mulriscan
end-sysrolic volume compared to angio, resulting in
a smmaller stroke volume and an underestimation of
left ventricular ejection fraction. However, a syste-
matic underestimation of end-systolic volumes by
cineangiography has been found with other indicator
dilution methods (Hugenholtz er al., 1968; Bartle
and Sanmarce, 19648), and may simply reflect
methodological differences. The fact that these
qualitative analyses and quantitative measurements
can be made in 2 non-invasive manner with an
unlimited frequency opens new areas for clinical
investigation as well as for teaching and training.

Some problems have still to be resolved in dis-
playing and recording the multscan informarion.
Different display and recording methods are still
under evaluation {Fig. 143, Considerable technical
improvements in the instrument are also possible
and will increase the capabilities of the system.

In general, the multiscan is subject to the same
physical lirnitations of sound transmission and re-
flecdon as conventional single element systems
(Bom, 1972 ;' Bom ¢t el., 1973a). Significant distortion
of images behind ribs because of higher uitrasound
velocities in bone has not been observed. Insufficient
lateral resolution, a problem of all eche systems,
continues to be a limitation {Bom et al., 1973a). Also
echoes originating from side lobe beams can de-
form the display of specific structures. Though
these side lobe effects were negligible in n virro
experiments, their overall effects in the clinical
situation remain unpredictable {Bom, 1972), and
practical experience will have to be collected before
a definite statemnent as to their influence can be
made. The commonest cause of failure is the pre-
sence of only 2 small pericardial window, for ex-
ample, when pulmonary emphysema or an anterior
chest wall deformation is present. Intervening dense
tissue, such 2s heavily calcified ribs, may obscure
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42 Roelandr, Kloster, ren Cate, van Dorp, Honkoop, Bom, and Hugenfiolrs

LONG -AXIS
CROSS-SECTION

@ -

TRANSVERSE
_CROSS-SECTION

FiG. 14 Seven cross-seciions recorded on the Honeyioell 1856 Visicorder with the transducer
in the long-axis and transverse positions are shown together with the electrocardiogram. The for-
mar of the fmages is small bur the definition of the echoes is guite good. These ‘stampsize’ picrures

are recorded ar 25 frames/sec.

parts of the image. This factor i3 operative especially
in elderly people. However, considerable detail
remains visible between the obscured areas, and
structures can be recognmized by extrapolation.
Difficult or unsatisfactory studies occur particularly
with a large anteroposterior chest diameter resulting
inn greater distance of the structures from the probe,

From the results presented in this paper one may
conclude that multiscan echocardicgraphy is a
valuable extension of the now widely accepted single
element technique and will become a fundamental
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addition to non-invasive methods for the study of
the normal and diseased heart.
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CHAPTER 3

ASYMMETRIEC SEPTAL HYPERTROPHY (ASH)

Diagnosis and treatment

3.1 Introduction

Obstruction to left ventricular outflow can be congenital
or acquired, and the location of the stenosis can be val-
vular, subvalvular or supravalvular. Clinical assessment
should not only endeaver to recognize the presence and de-
gree of obstruction, but alsc reguires the identification
of its level and of the type of cbstruction, whether fixed
or variable.

Subvalvular acrtic stenosis can be divided into two main
categories, according to whether the obstruction is fixed
{(discrete subaortic stencsis) or variable.

Although the etiology of asymmetric septal hypertrophy
(ASH} is yet not well established, there is ncw echocardio=
graphic evidence that the disease is of familiar and gene-
tic origin (see alsc chapter 5 and 6).

In the fellowing paragraphs the clinical features of ASH
will be discussed in its relation to functional anatomy
and pathophysiclogic abnormalities.

The focus of attention, however, will remain on the echo-

cardiographic signs of these abnormalities.
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3.2 FPunctional anatomy

The characteristic features of anatomy are:

1. Disproportionate thickening of the wventricular septum,
when compared to the free wall of the left ventricle.

2, Often reduced size of the left and right ventricular
cavities.

3. Endocardial mural thickening cf the left ventricular
cutflow tract.

4. Thickened mitral valve with shortened chordae tendinae.

5. Bevere abnormalities of the organozation of muscle cell
bundles and of the arrangement and orientation of
myofibrils and myofilaments of individual muscle cells
particularly in the ventricular septum. The latter
appears the only characteristic morphologic microscopic
features while all other features are propably
secondary.

Of nine patients known at the Thoraxcenter, who have heen

operated for their disease and in whom a myectomy of

ventricular septal muscle was carried out, the microscopic

features were as described. This was also true for the

@electron microscopic features, which were studied in cne

patient.

3.3 Pathophysiclegy and pathology

The septum thickens most midway between the base of the
aortic root and the apex of the left ventricle (LV).
In fact, it protrudes into the small LV outflow tract
(LVOT) , giving the LV a characteristic Se~shaped configura-
tion. The papillary muscles are malpositioned. Especially
the posteromedial papillary muscle is maligned during con=-
traction.
The endocardial thickening of wentricular septum, often
with a mirror image lesion on the anterior mitral leaflet
(8ML) , is probably caused by the approximation of these
structures.
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Angio- and echocardicgraphic studies clearly show this
touching of these structures over extended time pericds.
The similarity to the jet lesion in a ventricular septal
defect presents itself readily.

This abnormal systolic anterior motion (SAM) probably

alsoc serves to obstruct the left ventricular cutflow tract
during parts of the ejection phase. Several authors have
described this abnormal motion cof the AML2”4, which they
thought to be caused by either a foreshortened or malpo-
sitioned papillary muscle apparatus. However, recent
achocardiographic studies have proposed this phenomenon

to be dues to a Venturi—effectS, when the markedly in-
creased ejection wvelocity caused by the strong muscle

mass caused a negative pressure next tc the jet. This
hydraulic effect is thus thought to suck the AML towards
and against the septum. Mitral regurgitation appears teo be
an inherent result of this anatomic distortion cof the
mitral valve apparatus leading %o secondary enlargement

of the left atrial cavity.

3.4 Hemodynamics and angiocardiography

Hemodynamic measurements are abnormal in the majority of
patients with asymmetric septal hypertrophy wether cr not
cbstruction ccexists. It is likely that the massive hyper-
trophy and the small ventricular compliance which in turn
is reflected in the elevated ventricular enddiastclic
pressure. size account for the decreased left
All pressures distal may become elevated as a result of
the increased filling pressure. In addition when mitral
regurgitation is present, the characteristic elevation

of the systeolic wave ("V"-phase) in the left atrial
pressure tracing can be recognized. In the patients with
obstruction, the halimark is the systclic pressure
difference between the LVOT and the aorta.
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This obstruction, caused by apposition of the AML and the
hypertrophied ventricular septum, is usually demonstrable
during mid- and late systole4_6, by a marked difference
in pressurecontours above and below the obstruction.

When two catheters are positioned clcose to one another

in the cavity of the left wventricle, withdrawal of cne
catheter towards the aorta under continuous flucroscopy,
will record a sudden decrease in systolic pressure to the
level of that in the aorta at a site 2 - 4 cm below the
acrtic valve, whilst the pressure curve in diastole re-
maing identical to that obtained from the other catheter.

Fig. 1 Pull baeck LV
JFY 73172 pressure tracing from the

y i ' \ '
ECG‘VKM$J\”\LA*\LK4\VKJHbﬂwNVAdh“ﬂb& apex of the left ventricle

(LV) to the ascending Aor—

B apex wov Ao ta (do). Observe the sudden
wo-;ﬂ A ﬁ 'm nﬁ ﬁ ﬂ A decregse of LV pressure at
P ﬁ% i } # ﬂW\&J . IE 1 the level of the lefi ven—
o d b %ﬁﬁ‘lhﬁ‘ hﬂ \_H '\ﬂ‘ Rﬁ' kf tricular outflow Tract
o Ha » gl g v A L w T

(LYOT). At this gite there-

fore the obstruction ig lo-—

calized.

This site corresponds to the anatomic localization of the
obstruction by abnormal SAM of the AMIL as seen during
angiocardioqraphiczw3 and echocardiographic studies4.
{(fig. 1)

The aortic pressure pulse may alsc have characteristic
features, since it shows a sharp rise at the onset of left
ventricular ejection, much exceeding that of the usual
acrtic pressure pulse. This accelerated ejection rate is
a result of the fact that the LV attempts tc empty itself
before the cobstruction blocks further forward ejection.
Particularly in mid-systole the aortic pressure may fall
temporarily, whereas the left ventricular pressure still

rises.
47



This pattern is reflected in the typical notch one can
observe (and feel) in the carotid artery.

The sharp rise in initial arterial pressure contrasts

with the characteristically slow rising arterial pressure
gseen in fixed obstruction to left ventricular cutflow
whether this is of wvalwvular, supravalvular cor fibrous
subvalvular origin.

When extra systoles are presant or evoked the so called
Brockenbrough phenomenon can be elicited. In obstructed
cases, the aortic pulse pressure in the post-extrasystolic
beat, will be smaller than in normal sinus beats. This is
in contrast to the findings in the fixed varieties of left
ventricular outflow obstructiocon, where the aocrtic pulse
pressure in the post-extrasystolic beat may be greater
than in normal sinus beats7

The magnitude of the pressure cdifference across the left
ventricular outflow tract will vary considerably, not

only in repeated studies but alsc during the ccurse of a
single study. This is readily understandable since many
physical, physiclecgical and pharmacological stimuli,
mediated via changes in ventricular prelcad, contractility
and afterload, as well as heart rate, will influence these
pressure differences. In fact, it is the use of these
manoeuvres through factors that will increase contractili-
ty and cardiac rate that may bring out the obstruction

in patients without apparent obstruction at rest.

The use of isoprenaline, digoxine and the onset of a
supraventricular tachycardia will increase the obstruction,
whereas the use of propranolol, which decreases
contractility, or of methoxamine, which increases after-
load, may decrease the cbstruction. One should beware

of factitious pressure differences which sometimes can

occur from catheter entrapment, due to cavity oblitera-

ticon.
The cineangicgraphic features of this disease are charac-
teristic2“3, the left ventricular walls are hypertrophied,

especially the interventricular septum.
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The LV cavity is reduced in size and may take the shape

of a banana in the antero-posterior projection and in end-
systole it becomes slitlike. The hypertrophied interven-—
tricular septum causes an convex indentation on the margin
of the LV lumen so that again in the frontal view the
lower half of the chamber may seem obliterated by the
approximaticn of the anterior and inferior borders. A
linear radiclucent area extending across the left ven-
tricular outflow tract + 2,5 cm beneath the aortic annulus
corresponds to the mitral leaflet in the left obligue

and lateral projection.

In such clear cut cases the components of the obstruction
can be seen to consist anteriorly of the hypertrophied
septum and posteriorly of the antericor mitral leaflet
pressed upwards and anteriorly into the left wventricular
cutflow tract. As a conseguence of the high LV pressure
and the mitral valve abnormality, some mitral regurgita-
tion is seen in almost all cases especially in midsystole.
In summary, the cineangiographic sequence of events in
systole could be something like "eject-obstruct-leak”,
particularly in those individuals when the obstruction

is so severe that a significant part of the ventricular

volume must be regurgitated into the left atrium. (fig.2)

Fig. 2 Left ventricular
cineangiocardiogram in
Right antericr oblique
position at end systole
of a patient with ASH and
obatruction. Obgerve the
characteristic slit like
left ventricle. 4 radio-
lucent area + 2.5 cm be-

neath the aortic valves

representing the mitral
valve apparatus is seen in
an abnormal position during

systole. 49



0f 20 patients, known at the Thoraxcenter, having hemo-
dynamic evaluation and angiocardiography, 14 cof them had
a gradient across the left ventricular outflow tract
under basal ccnditions, whereas 4 developed a gradient
using iscprel (S5mg/min.). In 10 patients who had a gra-
dient across the left ventricular outflow tract, all of
them had mitral regurgitation of significant degree in
addition. Only 2 patients who had no gradient using
isoprel (Smg/min.) developed a gradient in the postextra-

systolic beat.

3.5 Right heart involvement

Several authors have reported right ventricular cine-
angiocardiograms to show a narrowed right wventricular (RV)
outflow tract which is pushed antericrly and either to the
right or left by the hypertrophied interventricular
septum. When there is a right ventricular pressure gra-
dient the cbstructicn occurs at the Jjunction of the out-
flow tract and the body of the RV. Presumably the same
underlying process is at state, however, the incidence of
these findings varies greatly, particularly when pressure
recordings are obtained at the apex of the right ven-
tricleB.

The nature of the obstruction in the right wventricular
outflow tract suggest as its cause both muscular hyper-
trophy and a dynamic disorder of contraction8

The disease presents itself rarely as isolated right ven-
tricular outflow obstructiong.

To our experience, 3 patients with significant gradient
across the left ventricular outflow tract had small
gradients (range:5-13 mm Hg) across the right wventricular
outflow tract. This gradient was not augmented during
provocative manceuvres, suggesting a nature of fixed
cbstruction. We have not séen any patient whe presented as

isclated obstruction to right ventricular outflow.
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3.6 Clinical manifestations

3.6.1 Natural history

Agymmetric septal hypertrophy may occur at any time in

life. It has been seen for the first time at 'M]fanc::\‘;lof"11

or late in life12-14. However, clinical recognition is
most common through the third to fifth decade. Sex dis-

12-13

tribution is even . The disease is thought to be of

familial c¢ause in some casele?IB, however recent echo~
cardiographic studies have revealed that the familial
prevalence of the disease is much more commonls_ls.

Since the disease appears to be transmitted as an auto-
somal dominant trait with high degree of penetrance,

{see also chapter 5 and 6) it may be underestimated be-
cause of silent or asymptomatic forms of the syndrome.
The echcocardicgraphic methods are not yet so well
established and the true prevalence can not be estimated,
while its prevalence is unknown and may vary with the
diagnostic methed employved. Furthermore it is of clinical

interest that15—16 routine autopsies of large numbers of

elderly veterans have revealed no cases of ASH}7.

Braunwald'512 classic study has shown that the clinical
course in patients with obstruction is extremely variable
although the disease process itself is usually progressive.
Patients who present without or with mincr symptoms tend
to run a more favourable course than those with severe
symptoms at the outset. Favourable features are said to
be an early age of detection, absence of left atrial
hypertrophy in the electrocardiogram and a relatively low
enddiastolic pressure, presumably indicating the absence
of compromised ventricular compliance. Deterioration and
disability are usually associated with clinical and hemo-

dynamic signs of left ventricular inflow resistancelB.
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Particularly the appearence of atrial fibrillation with
the consequent loss of the atrial contribution to wventri-
cular filling is such a sign. The loss of the systolic
murmur may herald a decrecase of obstruction, often to be
followed by congestive heart failure especially when
atrial fibrillation is present a15013—14.

The major complications are sudden death, which may take
place at any age, independent of clinical classification
of the magnitude of the gradient12“14’18, infectious
endocarditis and intractable heart failure. These are dis-
cussed in sesction 3.7.

The knowledge of natural history of ASH is incomplete
particularly since the natural history is interfered with

medical or surgical treatment.

3.6.2 Symptoms

The average detection occcurs after 15 years of age12'21.
This is in contrary to the experience with patients with
fixed congenital aortic stenosis where the murmur is
usually detected in the newborn period.

Growth and develcpment are seldom affected and symptoms
may even be absent in the presence cof severe outflow
tract obstructionlz. Yet the appearence cof angina or
effort syncope should arouse suspicicn in a young indivi-
dual, in whom a history cf dyspnea and fatigue can be
elicited and in whom a cardiac murmur is found. Recurrent
syncopal episocodes are particularly dangerous since they
are said to herald sudden death in childhood or ado-

lescence20

. Bhythm disturbances are likely though not
commonlg. Atrial fibrillation has been found tc initiate
significant clinical detorationlB, while occasionally
there is a history suggestive of the Wolff-Parkinson
white12 syndrome with arrhythmias and syncope. The inci-
dence of bacterial endcocarditis is low, but it increases

with agelz_lB.
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Most studies have shown a normal coronary artery tree,
however, incidence of ceoronary artery disease seems to in-

crease after age of 4522.

3.6.3 Physical examination

Growth, development and general appearence are normal in
the majority. However, ASH is seen in association with
rmuscular dystrophies, Friedreichs ataxia, lentigines,
phaecchromocytoma, tuberous sclerosis, Noonan's syndrome
and cutaneous neurofibromatosisZB, all primary cellular
disturbances. Their physical signs should prompt a search
for those of ASH. The jugular venous pulse often has a
prominent "a" wave, perhaps reflecting decreased right
ventricular compliance in those cases where it occurs.
The apex beat is double with a palpable left atrial gallop
(fourth heart sound) and a sustained heave in far advan-

ced case56’24

. Sometimes a triple impulse can be detected.
The arterial pulse may have a fast upstroke. In some cases
a systolic thrill is palpabie, not over the carotids but,
characteristically maximally at the apex. Ejection sounds
are rare2 in fact their absence may serve as a confirma-
tion of ASH. The first heart sound is normal and the re-
gurgitant systoclic murmur which begins after the first
sound, is heard best at or just medial to the left ventri-
cular apex. This crescendo-decrescendo systelic murmur is
caused both by the cbstruction to the left ventricular
outflow and the mitral regurgitation. The murmur is medium
pitched. It rarely radiates tc the left axilla and towards
the left sternal border. Over the aortic area it is
diminished in intensity and is seldom heard over the caro-
tid vessels. At the apex a third sound and a diasteclic in-
flow murmur may be heard. When also RV outflow obstruction
exists, a separate systolic murmur can be heard in the se-

cond or third intercostal space to the left of the sternum.
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Left ventricular ejection time is prolonged, resulting in
delay of aortic cleosure and conseguently a single or even
paradoxically split second heart sound is present.
Occasionally, an early diastolic sound, resembling an
opening snap, can be detected, prokably because of the
apposition of the septum and the anterior mitral leaflet.
The same mechanisms that increase or decrease the gradient
across the left ventricular outflow tract may increase or
decrease the loudness of the systolic murmur (see also
3.6.6.). In asymptomatic individuals, echocardiographic
studies have demonstrated that only a limited percentage
of such individuals with ASH have typical cardiac murmurs.
A more detailed description of clinical findings in ocur

series is described in chapter 6.

3.6.4. The electrocardiogram

Patients with asymmetric septal hypertrophy frequently
have electrocardiograms and vectorcardiograms which meet
criteria for left wventricular hypertrophy, ventricular
conduction delay or for myocardial infarction12_14'26.

(see fig. 3 and 4)

e TR, Fig. 3 Twelve-lead
1 [ L PR B D Bl i
A L EE R T i L - electrocardiogram of a
patient with ASH and ob—
struction. Features con-—
ststent with left aris de-—
viation, Left ventricular

hypertrophy and secundary

repolarization disturban—

ces are observed.
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- Fig. 4 Vectoreardiogram

AN
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Matn T-vector and main QRS

" aRs vector gre pointing in
k ) oppieite divection, sugge—
pM .\_}(/ stive of left ventvicular

hypertrophy .

In fact all types of initial activation abnormalities can
be described as well as variations therecof.

Abneormal "g" waves may exist in all leads but especially
in lead IXI, III and AVF and V4-V6, sometimes accompagnied
with tall R-waves in the right precordial leads.

When left ventricular compliance decreases, left atrial
hypertrophy may be evident. In rare cases the same applies
to the right atrium. Features of the WPW-syndrome are seen
in a few patients. Frequent atrial and ventricular
arrythmias have now been demonstrated during lecng-term

ambulatory ECG monitoring19
3.6.5. Chest X-ray

The most striking feature is the prominence of the left
ventricle, with a bulge alcong the left heart border be-
tween the left atrial appendage and the left wventricular
apex. Some authors consider this a reflection cof the hyper-
trophied ventricular septumlz. Usually there is no cardiac
enlargement as such. Left and right atrial cavities are
commonly enlarged as a result of decreased ventricular
compliance. The aortic contour is normal and calcification

of the mitral valve is rarely seen.
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3.6.6 The echocardiogram

In this paragraph the pertinent echocardiographic findings
in our series will ke discussed and related to findings

as described by others.

The anatomic marker of ASH is the dispropdortionately
thickened septum, as already mentioned in other parts of
this chapter. Henry and co-workers have shown that its
morpholegy could be used as the common denominator of the
disease spectrum provided it is diagnosed echocardio-
graphically27.

This is based on the experience that in all cases there

is hypertrophy of the left ventricular septum with rela-
tively much less hypertrophy of the left ventricular
posterior wall, in contrast to concentric left ventricular
hypertrophy, for example in wvalvular acrtic stenocsis,
where both walls are egually thickened. Septal thickness

usually exceeds 15 mm, the ratic of septal tc postericr
28-29

wall thickness is above 1.5 in characteristic cases
This ratio may be higher, while sometimes a ratio of 1.3
is already considered suggestive of ASH when alsoc a
thickened septum is present30.

In a recent study, ratio of septal to posterior wall of
1.3 was present in 10% of the overall cardiac population,
in 20% of patients with pulmonary stenosis or primary
pulmonary hypertension and in 15% of those with the
Eisenmengers syndrome,

When there was no evidence of genetic transmission of
ASH they suggested that these patients had just dispro-

portionate septal thickeningBl’ll.

It would seem more
prudent therefor to maintain a ratio of 1.5 or more.

The left ventricular cutflow tract (LVOT) is narrow
{less than 20 mm at endsystcle) in all cases. In classic
THSS (fig. 5) the anterior mitral leaflet (AML) shows

an abnormal systolic anterior motion (SAM)32.
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Fig. 5 M-mode echocardiogram at the level of the mitral valve leaf-
lets of a patient with ASH and obstruction. Septal hypertrophy is
evident, whereas the left ventricular posterior wall iz of normal
thickness. An abrnorvmal systolic antericr motion (S4M) of the mitral
valve leaflets 1s obeerved, coincident with the appearance of mid-
and late apical systolic muymur. Furthermore the corotid artery tra=
cing (CAT) shows its chavacteristic bisferiens appearance. One can
clearly see that the upstroke of CAT and SAM have diffevent steep—
nesses and are appeaving after each other.

This SAM coincides with the characteristic murmur of this
disease and is related to the gradient in the LVOT found
during cardiac catheterization. Several factors can influ-
ence the magnitude of SAM and thus the severity of ob-
struction (fig. 6). It can be explained by hydredynamic
forces generated in the LV5 or by malaligment of the pa-
pillary muscles and the mitral valve apparatusz. When only
a labile gradient exists and nc SAM is cbserved on the
echocardiogram, provocative manoeuvres such as use of

amylnitrite (fig. 7) can demonstrate SAM.
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FACTORS INFLUENCING THE SEVERITY OF OBSTRUCTION

propranociol
methoxamine
angiotensin

volume increase

Valsalva
tachycardia
digitalis

isoproterenocl

L

volume decrease

Fig. 6 Diagram of echocardicgram and SAM and heart murmur, {indi-
cating which factore can eontibute to the mognitude of SAM and
the loudness of the heart mumur.
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Fig. 7 Mwmode echocardiogram of a patient with ASH whe showed no
obstruction under basal conditions. After use of amylnitrite SAM

appears.
For further explanation see text.

Dual M-mode recordings show a mid-systolic closure of the
aortic valve, as a consequence of the reduction of flow
through the acrta by the obstruction in the IVOT (fig. 8).
This closure ccincides with SAM. An obstruction-index has
been calculated as the ratic of the duration of narrowing
(expressed in msec.}, to the mean septal=-mitral distance
(in mm) (fig. 9)°C.

A linear relationship between the calculated obstruction-
index and the gradient across the LVOT during cardiac
catheterization has been found by several authorsaa—?’4
(fig. 10).
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Fig. 8 Diagram of caloulation
of the obstruction — index.
For detailed description see
text.

g4

Fig. 8 Dual M-mode re-

2+ g Gusps cordings at- the level of

the aortie valve and mitral
valve. One can clearly see
that midsystolic elosure of
the aortic cuspes (see
arrow) coineides with peak
of BAM (see arvow).

For further explanation

see text,
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QBSTRUCTION INDEX

o . Fig. 10 The relation between the
sok : calceulated obstruction index and

the gradiemt across the LVOT found

50 F

during cardiae catheterization.
40F - g -
Chbatruction index can exist when

er no outflow gradient is present.

20F 7

L 1
[ 50 100 130 mmHg
OUTFLOWGRADIENT

It has alsc been clear that the interventricular septum
does not contract normally, whereas the left ventricular
posterior wall may demonstrate increased systclic
thickening and velocity of contraction. This is in con-
trast with the findings in patients with coronary artery
disease and septal akinesia35. (see alsc 4.4) The left
ventricular chamber shape in ASH is very characteristic

with its bananalike configuration. (see fig. 11)

Fig. 11 Realtime cardiad
itmage ot mid systole (S) of
a patient with ASH and ob-
struction. The abnormal
thickenad TVS ig evident,gi-
ving the LV a characteristic
shape. SAM is shoun (see

arrow) .
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In exceptional cases with ASH, the hypertrophied part of
the septum is located near the apex. This can be con-
fusing since on M-mode echorecordings this phenomenon and

therefore the diagnosis can be easily missed (fig. 12).

Fig. 12 M-mode sector
scan of a patient with
Apieal ASH. One can clear—
Iy see that the level of
the aMl, the IVS is of
novmal thickness, whereas

at the level of the apex

the IVS is hypertrophied
and the PW is still of

novmal thickness.

It is our opinion that real time cardiac imaging is obli-
gatory in the proper assessment of patients with ASH.
In fact, it is the experience in this laboratory that ASH

can be present along the length of the entire septum.

3.6.7 Associated cardiac diseases

As indicated earlier, asymmetric septal hypertrophy may be
associated with a large number of congenital heart

diseaseszz'37’38.

These consist of pulmonary valve ste-
nosis, atrial septal defect, aortic valvular, subvalvular,
supravalvular stencsis cr coarctation of the aozta39°
Despite early speculation that severe systemic hyperten-—
sion could be another cause cof functional subvalvular ob-
structionéo, a true association remains uncertain41.

The occurrence of corcnary artery disease seems to in-
crease with age2l, but may reflect the general incidence

of that discrder at these ages.



The assoclation of asymmetric septal hypertrophy and the

short PR~ interval is wellknowniz

with an incidence
of + 5%. The association of ASH and complete heart block
has also been reported42.

In our series, 2 patients had significant corconary artery
disease in addition to ASH, whereas no patient had other
forms of associated cardiac disease. No patient in our

series had signs of severe systemic hypertension.

3.7 Complications

The three major complications which may supervene in pa-
tients with asymmetric septal hypertrophy are sudden
death, infectives endocarditis and progressive heart
failure. The most feared complication is obvicusly the un-
expected or sudden death. This can indeed occur during
vigorous exercise but has alsc been seen under resting
circumstances. Sometimes these catastrophies are fore-
shadowed by syncopal attackslz’lg, but between the inci-
dence of sudden death and the degree of clinical disabili-
ty or the magnitude of gradient across the left ventricu-
lar outflow tract no predictable relation has been found.
Severe ventricular rhythm disturbances are the most likely
cause of sudden deathlz.

The incidence of bacterial endocarditis varies Ifrom five
to nine percent12_14. Anatomic observations in necropsy
studies show involvement of the aortic and/or mitral valve

in all patients43’44.

These studies show that the infec-
tious process originates in the traumatically damaged ven-
tricular side of the anterior mitral leaflet. This area is
commonly thickened due to repeated trauma of the anterior
mitral leaflet and the ventricular septum. The prognosis
of bacterial endocarditis 1s not different from that of

this complications in general.
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When the clinical course is acute, cardiac failure and
sepsis predominate; when the clinical course is chronic,
immunologic manifestations such as nephropathy, anemia and
vasculitis may become evident. Adequate prophylactic pre-
cautions are important44.

The incidence of congestive heart failure is about 7%l2,
and this progression ¢f the disease may be surmised from
increasing disability of patients, the development of
dysrythmias (especially atrial fibrillation) and the pro-
gressive loss of cardiac murmurs. {chapter 6)

3.8 Treatment

Anginal complaints, dyspnea, arrhythmias and strong posi-
tive family history of sudden death all require inter-
vention. Propranolol is the current drug of choice when
medical treatment is chosen. Furthermore the as yet
asymptomatic patient must be urged to avold strenuous
exercise and to follow endocarditis prophylaxis. When it
was demonstrated that catecholamine45 induced obstruction
could be prevented by propranolol46, the administration

of thls B-blocker found rapild acceptance47. Unfortunately
in patients with significant clinical disability, propra-
nclol therapy has been disappointing, so that at present

a varlety of other drugs is being considered, one of which
is the group of calciumantagonists. Indeed, a therapeutic
trial is indicated in every symptomatic patient. Most
patients will respond favourably, while those severely
symptomatic patients who do not improve and who have con-
siderable pressure gradients, should be considered for
surqery47’48’4sa. It has been found that in particular pa=
tients with anginal complaints show symptomatic improve-
ment48. However, little change in effort tolerance49 or in
frequency of ventricular rhythm disturbances was seen.
Also the incidence of sudden death appears not influenced

by medical therapy47°
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Our present approach is that maximal desage in the indivi-
dual, symptomatic patient should be high (maximal dosage
600 mg/day) before imprcovement can be expected. Gratifying
symptomatic and hemodynamic improvement may follow left
ventriculotomy and myectomy initially. In rare cases this
may be sustained over an observation period of maximal

14 years5o. Operative mortality with this technique is
high (9%)50’51. Fuarthermore, the underlying primary myo-
cardial discrder remains unaffected. Some havz advocated
mitral valve replacement52. However, because of the un-
altered left ventricle, a high incidence of mechanical

and thrombo-embolic problems may be anticipated, even with
the low profile prosthetic mitral wvalve. The technique51

has not been applied in our center.
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CHAPTER 4

British Heart Journal, 1977, 39, 627-633

Ultrasound study of dynamic behaviour of left
ventricle in genetic asymmetric septal hypertrophy

F.J. TEN CATE, P. G. HUGENHOLTZ, AND J. ROELANDT

From the Deparrment of Clinical Echocardiography, Thoraxcenter, University Hospital Dijkzigt and Erasmus
University, Rotrerdam, the Netherlands

Generic asymmetric sepral hypertrophy 15 a primary myocardial disease with characteristic echocardiographic
Sfearures. Echocardiographic studies in pavients have shown thar the ventricular seprum is a hypocontractile
structure. Since overall cardiac systolic funcrion in this disease is normal, the present study was undertaken
to explain this phenomenon.

Nineteen parients with proven genetic asymmetric septal hypertrophy, and 13 pavients with coronary
artery disease and echocardiographic akinesis of the venrricular septum with an angiographically complere
obstruction of the descending branch of the left coronary artery, were compared with 20 normal subjects.

Analysts includes calcularion of systolic thickening of the septum and left venrricular posterior wall,
caicularion gf systolic posterior wall velocity, and determinarion of left ventricular internal dimensions with
ulrrasound,

Results showed that the ventricular sepium was a hypocontraciile structure in asymmetric sepral hyper-
trophy, whereas the left ventricular posterior wall seems ro compensate for this as is seen by the augmented
indices for systolic thickening and velocity of the posterior wall. Left ventricular size was small. This was
i comirast to the findings in coronary artery disease with septal akinesia. Indices for thickening and velocity
of the posterior wall were decreased, whereas left ventricular size was enlarged. We propose that systolic
Junction of the left veniricle can be maintained by three different compensatory mechanisms; (1) increase
of dimension ( Starling mechanism) ; (2) increase in systolic thickening ; and (3) increase in sysrolic velocity

of contracrion.

Gienetic asymmetric hypertrophy of the inter-
ventricular septum is a primary myocardial disease
with distinct morphological abnormalities (Henry
et al., 1973).

Several studies using electron microscopy have
identified ultrastructural changes consisting of ab-
normal architecture of the interventricular septum
with bizarrely shaped muscle cells (Ferrans et al.,
1972; Maron et al., 1974).

Although one wouid expect these changes to
result in an impaired overall cardiac function, this
does not occur. Indeed, the systolic cardiac function
in these patients is often normal {Goodwin and
Qakley, 1972). In an attempt to clarify this enigma,
an echocardiographic study was undertaken. In this
study we paid special attention to the posterior wall
of the left ventricle and analysed its contraction
pattern. in an effort to explain the existence of a
norrnal overall cardiac systolic function in this
disease,

Received for publication § August 1976

Patients and methods

Nineteen patients with genetic asymmetric septal
hypertrophy, 11 women and 8 men, ages 14 to 53
years were studied.

The diagnosis was based on the echocardiogram
(septal hypertrophy was defined as a thickness
greater than 15 mm, and a ratio of septal to posterior
wall thickness of greater than 2:1).

All patients underwent haemodynamic evaluation
and left ventriculography. In 11 patients, a resting
gradient across the left ventricular outflow tract
was presenz and all patients had abnormalities
consistent with asymmetric hyperzrophy on their
right anterior oblique left ventricalar cine angio-
cardiogram. In addition, 15 patients with coronary
artery disease, all having an - angiographically
complete obstruction of the descending branch of
the left coronary artery and septal akinesia on their
echocardiograms, were also studied.

As a control group 20 ‘normal’ volunteers were
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tenr Care, Hugenholtz, and Roelandt

Fig. 1 A standard M-mode

sectorscan in G patieni Wit

hasmodvnamic proof of genenic
asympmetric sepial kypertrophy.

The mozion paitern of the
anrerior mitral leafler is normal
during svsrole, indicaring ne
auifloty obstruction. The area
studied 15 thar part of the lgft
venrricle between the tips of the
mitral valves and the papillary
muscles, This is shown ar the
right of the piciure, The two
fmportant fearures are thar: (1)
the metion of the interventricular

seprutn 15 much reduced as is the
systolic thickening and (2} the
norion patiern of the lefr
ventricidar wall is increased and

used. (‘Normal was defined on the basis of the
absence of complaints, clinical examination of the
heart, electrocardiogram, and chest x-ray).

ECHOCARDIOGRAPHIC EXAMINATION

The ECHOcardioVISOR 01 (Organon Teknika,
Oss, The Netherlands), which has both the con-
venrional single and the recently developed two-
dimensional imaging facilities was used (Kloster et
al., 1973; Roelandr ez af., 1974).

A 1-4com, 225 MHz transducer focused ar
7-5 cm was employed and the M-mode echocardio-
grams recorded simulraneously with the electro-
cardiogram by a Honeywell Linescap-recorder
{Visicorder 1856) on light-sensitive paper (Kodak
Linagraph 1895). All patients were examined in the
supine or slightly left lateral recumbent position;
with, the transducer placed as close as possible to the
lefr side of the sternum and perpendicular on the
chest wall until the characteristic pattern of motion
of the anterior mitral valve leaflet was maximally
recorded. The ultrasonic beam was then directed
Jaterally and slightly inferiorly to define the
‘standard area’ of the left ventricle just distal to the
tips of the mitral vaive in which the motion of the
interventricular septum and left ventricular pos-
terior wall could be detected together. After the
standard leftr ventricular echocardiograms, sector
scans were made and recorded from the aortic root
across the left ventricular cavity to the Jeft ventri-
cular apex. During the examination gain settings
were continuously adjusted until the best available
recordings could be made.

Fig. 1 shows a representative M-mode sector

"""'?"""‘""“"40635 shows excessive rhickening.

scan of a patient with genetic asymmetric septal
hypertrophy without left ventricular cutflow gradient
under basal conditions during cardiac carheterisa-
tion. The disproportionate thickness of the inier-
ventricular seprum compared with the left
ventricular posterior wall thickness is striking.
Furthermore, the motion of the interventricular
septum is reduced compared with the increased
motion of the left ventricular posterior wall.

In order ro show the accuracy of the single ele-
ment recordings another procedure was carried out.
It is evident thar 2 single beam recording does not
show motion perpendicular to the sound beam axis

YT

)

Fig. 2 Motion of cardiac siructures as recorded in
M-mode (left side} is not seen when this motion is
perpendicular to the sound beam (right side).
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Fig.3 Stop-frame image in diastole obrained from a patient
ahth cuiflow obstruction. A single crysial of the 20

crystal transducer ar the level of the anterior mitral

valve leafler—labelled 17-~is selected and irs echo
information is recorded in the M-mode and represented
below, The dotted line shows the Hming of the
cross-sectional tmage within the cardiac cycle.

(Fig. 2). Therefore, real time two-dimensional
imaging was performed to observe this motion. This
was done by selection of a single crystal out of the
20-crystal transducer at the level of the tip of the
anterior mitral leaflet. A recording of this echo in-
formarion in the M-mode is shown in Fig, 3.

This procedure was repeated using two elements
--one above and one below the chosen one—in
order to show that septal thickness is not changed by
a vertical motion which could be seen from the two-
dimensional real time images (Fig. 4). This pro-
cedure wag included in the echocardiographic
examination of all patients studied.
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ANALYSIS OF ECHOCARDIOGRAPHIC DATA
The left ventricular internal diameter (ID) was
measured in mm from the left sepral endocardium
¢ the left ventricular posterior wall endecardium at
end-diastole (Dd) and atr end-systole (Ds) (end-
diastele at the R-peak of the QRS complex and end-
systole at rhe shortest dimension (ten Cate er af.,
1974)). |

Sepral and posterior wall thickness (T) was also
measured at the same points of reference {(Td=end-
diastole and Ts=end-systole). Fractional or per
cent systolic thickening of both interventricular
septum and left ventricular posterior wall was

. Ts-Td .
determined as ——— x100% (in %) where Ts
and Td are the systolic and diastolic thickness of
cither the interventricular septum or left ventricular

posterior wall, Normalised posterior wall velocity
Te-Td
Td=ET
tion time measured from the onset 1o peak contrac-
tion {Cooper er al,, 1972} (see also Fig. 8).

Srudent’s t test for independent observation was
used to determine the statistical significance of these
measurements (Fisher, 1970).

was calculated as > where ET is rhe ejec-

Results

The results of our measurements are summarised in
the Table. Systolic thickening of the interventri
cular septum in the 3 groups of patients studied is
shown in Fig. 5. Differences between the normal
group and the patients with genetic asymmetric
septal hypertrophy, as well as those with coronary

artery  disease, were statistically significant
(P < 0:005).
Table Results of echocardiographic measurgments
{m=5D)
Heart raze IVS LVPW  Normalised Dd Dr
(beas) thickening thickening PW {mm} ()
min) (%) (%) zelocity
N 7226 42 8% BT 9% 12 20:2% §3 £5% 38 £4%
ASH 77 =7 10 +6* T0 £30% 17 £0-5% 41 £10*% 26 £T7*
CAD 70 %8 15412% 33 4B 1.3 204 63 £Il* 50 %13

N, normal subjects; ASEH, asymmetric septal hypermrophy; CAD,
corenary artery disease; IVS interveniricular septum; LVFW, left
ventricular postedor wall; PW, posterior wall,

*P < 0-005.

Fig. 6 shows a typical example of a patient with
asymmetric septal hyperirophy with 2 posterior
wall systolic thickening of 100 per cent. In Fig. 7,
the results of systolic thickening of the left ventri-
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630 ten Gare, Hugenholtz, and Reeland:

Fig. 4 The procedure described for erysial
12 in Fig. 3 is repeared for crystal 11

and crysial 13. M-mode recording of

these 3 consecutive elements shows ne large
difference in gysrolic thickening of the
septum or the posterior ventricular wall,
indicating that vertical motion seen on the
real-time rwo-dimensional smages does nor
influence guantitative measurements by
single element echocardiography.

SYSTOLIC SEPTAL THICKENING

o
100 -
Fig. 5  Sysrolic septal thickening in 20 normal subjects L n=20 n=19 n =18
is 42 +8 per cent, 10 =6 per cent in 19 patients with geneiic - _ N - .
asymmerric sepral hypertrophy, and 13 12 per cent in L =428 m=1026 m=1512
15 patients with coronary artery disease and septal |
akinesia. The difference between yystolic septal
thickening in normals and in patients with asymmetric L °
septal hypertrophy or coronary artery disease is
staristically significant (P < 0-005) (values expressed 50+ g3,
asmean+2 SD). _W==-¢>—
s
- e cases
.
= (1) .
' e
an *a
L ME, — .
179 ese
NORMALS ASH CAD

e
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cular posterior wall for the same groups of patients
are summmarised. Values of left ventricular posterior
wall thickening were significantly higher (P < 0-005)
in asymmetric septal hypertrophy as compared
with normals, whereas these values were signifi-
cantly lower in patients with coronary artery
disease and sepral akinesia (P <0-005). Fig. 8
shows the normalised posterior wall velocity of
26571 in a representative patient with generic
asymmetric septal hypertrophy. Fig. 9 shows the
values for the normalised posterior wall velocity in
the three patient groups studied.

Again values for left ventricular posterior wall
normalised velocity were significantly higher in
asymmetric septal hypertrophy (P < 0-005}, whereas
no statistical significance has been found (P <0-10)
between patients with coronary artery disease and
normals.

The Table also shows that left ventricular
internal dimensions in asymmetric septal hyper-
trophy both in diastole and systole were definitely
smaller (P<0-005) than in the normal group,
whereas in patients with ceronary arrery disease and
septal akinesia these dimensions were higher than in
normal individuals (P < 0-005).

Discussion

Most patients with genetic asymmetric sepral
hyperwrophy display a clinically observable rapid
arterial pulse pressure rise corresponding to a rapid
systolic pressure rise in the left ventricle and an
increased ejection fraction. These observations
suggest an overzall left ventricular systolic function
which is better than normasal. However, echocardio-
graphic analysis of septal contraction (Rossen er al.,
1974; Cohen er al., 1975) and the morphological
findings of cardiac muscle in this disease (Ferrans
et al,, 1972) suggest that at least this part of the left
ventricle has a reduced function. In this study, the
mechanical behaviour of the left ventricle in genetic
asymmetric septal hypertrophy was smdied by
analysis of the contraction patterns of the inter-
vearricular septum and left ventricular posterior

Fig. 7 Svstolic posterior wall thickening in 20 normal
imdividuals is 52 = § per cenr, in 19 parisnts with
asymmerric sepral hypertrophy 70 = 30 per cent, and in
the 13 parienrs with coronary artery disease 33 =8 per
cent. Systolic posterior wall thickening in normal
individuals and in patients with coronary artery disease
is significantly differenr from that seen in parients with
asymmetric sepral hypertrophy (P < 0-005).

Note that parients with asyntmerric septal hypertrophy
kave a large range of sysrolic thickening (values
expressed as mean +~2513).
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wall, including the calculation of systolic thickening
and the ‘normalised’ wall velocity. The resulis
indicate that in genetic asymmetric septal hyper-
trophy the interventricular septum is indeed a
hypocontractile structure with decreased values for

ASYMM/E_FTRIC SEmLHYPEmﬁOPH‘r AR

MR BwTA00 L
ECG - . . h 751348ﬁ

Fig. 6 Represenrative example of the posterior wall
dynawmics in a@ patient with asymmetric septal
hyperrrophy. Sysrolic posterior wall thickening in rhis
particular case is 100 per cenz.

SYSTOLIC POSTERIOR WALL THICKENING

o
100 e
Ln =20 .o n =15
l m=52%9 R m=33%8
= :-- e
L] L1
S0F heese e .
° -
= %. e ~—: P
fe
r (]
v H
L 2
n =18
i M=T0£30
NORMALS ASH CAD
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Asymmetric septal_hypertrophy

Fig. 8 Representative example of
normalised posterior wall velocity
in a patient with asymmerric septal
rypertrophy ( ASH). Ejecrion

time i5 calculated as the time from
peak QRS o the poinr where the
internal dimension of the left
wentricle is smallest. 50 ms s
subtracted from this value to account
for the isovolumic phase { Cooper

et al., 1972). The value of
normalised posterior wall velocity in
this particular patient with
asymemetric septal kypertrophy is
26357L

Posterior wall velocity

- L2
B
| . Fig. & Normalised posterior wall velocity in 20 normal
- s individuals was -2+ 0-2 s*1, for 19 parients wirh
2 4 - asymmetric septal hypertvophy (ASH) 1-7 L0557, and
Sor 15 patients with coronary artery disease (CAD)
B PR . 1-3 + 04 5L Normalised posterior wall welocity is
- ™ stazisticolly sigmificantly different for patients with
5 : % H asymmeiric septal hypertrophy compared with normals
] e R s (P <0-005), whereas this is not the case for patients with
2. . : coronary artery ;liz'seass { §< t;l 0}. Nore that in the three
T Fo T . groups studied there is o broad range of values for
. ;'!:. * normalised posterior wall velocity (values are expressed
1 . as mean 2 25D).
® L)
- .-
1 L]
T a=20 n=I9 n=15
J m=12+02 M=i-7£05 n=13%C-4
Normais ASH CAD
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LY COMPENSATORY MECHANISMS

ASH ASH
CAD
CAD
N

N '« Y
; . ASH

| CAD ) }
PWT PWV LV size

Fig, 10 Left ventricular compensatory mechanisms in
the three groups of individuals studied. Parients with
asymmetric septal hypertrophy (ASH) compensate for
the akinetic interventricular seprum by a grearer
posterior wall thickening (PWT) and higher velocity
of contraction of the posterior wall (PWV }, whereas
left ventricular size remains small, as compared with
normal subjects. This 1is not true for patients who have
coronary artery disease with sepral akinesia. In these
patients posterior wall thickening and velocity of
contraction are not augmented, while left ventricular size
5 usually grearer than normal.

systolic thickening and that the left ventricular
posterior wall tends to compensate for this effect.
Indeed both systolic thickening and contraction
velocity are higher than the corresponding indices
measured from normal individuals. However, this
is not the only mechanism that the left ventricle has
available to maintain its overall systolic function,
which becomes apparent when patients with
coronary artery disease and septal akinesia are
analysed. In those patients the left ventricular
posterior wall perceniage systelic thickening was
uniformly decreased whereas the contraction velo-
city was normal. However, in these patients the
left venrricular dimensions were larger than in the
asymmetric septal hypescrophy group (Fig. 10). Thus
it appears thar the left ventricle has three different
compensatory mechanisms in order to maintain its
systolic function: (1) increase dimension (Starling
mechanism); (2) increase systolic thickening, and
(3) increase velocity of systolic contraction.

A review of the data reveals that the intervencri-
cular geptum in genetic asymmetric septal hyper-
trophy is indeed a hypocontractile structure, Con-
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wractile function of left ventricular posterior wall as
assessed from its systolic thickening and velocity is
augmented or at least normal. Thus, the left
ventricular mechanical behaviour inn genetic asym-
metric septal hypertrophy is mainly determined by
normal! or augmented left ventricular posterior
wall conrraction pattern while left ventricular size
remains small. This is in contrast to findings in
patients with coronary artery disease, where rhe
left ventricular dimensions are increased while
systolic thickening and normalised posterior wall
velocity are usually decreased. These findings
suggest that the left ventricle has at least three
different compensatory mechanisms to maintain its
systolic function as noted above.
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VAN DORP, W.G_, TEN CATE, F.J., VLETTER, W.B.. DOHMEN, H, and ROELANDT, I. {1976): Familial prevalence of asym-
metric septal hypertrophy, Europ. J. Cerdiol,, 4/3, 349357,

Echocardiography was used to detect the familial prevzlence of asymmetric septal hypertrophy in relatives of patients with
proven idiopathic hypettrophic subaortic stenosis. Idiopathic hypertrophic subaortic stenosis is onty one clinical expression of 2
cardiomyopathic disease spectrum, including asymptomatic patients having asymmetric septal hypertrophy as a characteristic
anatomic marker which can be detected by echo. The validity of previous proposed criteria to detect this marker was checked in our
population, Therefore we examined normazl subjects, patients with fixed left ventricular outflow obstruction (valvuiar aortic ste-
nosis), and those with idiopathic hypertrophic subaortic stenosis who served as index cases. A septal thickness exceeding that of
the free left ventricular posterior wall by 30% separates patients with a cardiemyopathy from those without this disease, 27 of 73
examined relatives of 14 index cases were found to have asymmetric septal hypertrophy. In those instances where information
was available from the parents of the index cases, one parent was found to be affected. When the examined group is conside red
from a parent—child relationship (incliding the index case when appropriate), it included 78 children of affected single parents
of which 20 males and 1% females had asymmetric septal hypertrophy. The history, clinical examination and electrocardiogram
were not useful to detect the disease,

The results suggest an autosomal dominant mode of inheritance of asymmetric septal hypertrophy with a high penetrance.

echocardiography; genetics; hypertro phic obstructive cardiomyopathy; idiopathic hypertrophic subaortic stenosis

Asymmetric septal hypertrophy is the constant and cases and familial in only 25% [4,5], they found that

characteristic abnormality of a cardiomyopathic dis- this disease almost always was genetically transmitted
ease spectrum ranging from asymptomatic individuals as an autosomal dominant trait with a high degree of
to patients with the full-blown clinical picture of idio- penetrance.

pathic hyperirophic subaortic stenosis [1]. Echocar- The present study was undertaken to confirm this
diography provides an accurate method to noninva- familia] prevalence of asymmetric septal hypertrophy
sively measure the thickness of both the interventric- in the relatives of patients with proven idiopathié
ular septum and the free left ventricular posterior wall, hypertrophic subaortic stenosis in The Netherlands.

and thus to demonstrate asymmetric hypertrophy of
the septum {2]. This method was used by Clark et al.
{3] to study the familial prevalence of this cardio-
myopathic disease. In contrast to the cureent belief 15 symptomatic patients, 5 males and 10 females,
that this disease was sporadic in about 75% of ali ages ranging from 15 to 58 years, all having idiopathic

Maieriais and methods
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hypertrophic subaortic stenosis (IHSS) proven by car-
diac catheterization and angicgraphy served as index
cases. Their relatives including parents, brothers, sis-
ters and first cousins were asked to cocperate with
the study which consisted of history, physical exami-
naticn, electrocardiography and echocardiography.
The only selection criterion to inciude a given family
in this study was having data of at least two first-
degree relatives available. Of those who could net co-
operate, the history was recorded from other family
members. Autopsy findings, if available, were col-
lected of those who were deceased. Complaints of
dyspnea, fatigue, chest pain and palpitations were
specifically asked for in the history. On physical ex-

W, G, var Dorp er al.! Familial prevalence of ASH

amination systolic murmurs were noted. ‘lhe
ECHO:214i0%1SOR 01 (Organon Teknika, Oss, The
Netherlands) was used to obtain the echocardiograms,
and electrocardiograms were recorded with the Hew-
lett Packard 1515A electrocardiograph. The echo-
cardiogram was recorded in the M-mode, using a line
scan recorder (Honeywell Visicorder 1856) and light-
sensitive paper (Kodak type 1895).

During examination the position of the patient
was changed from supine to lateral decubitus until
the best resolution of the right side of the septum was
cbtained.

M-mode sector scans were performed from a stan-
dard position on the chest wail where the transducer

ECG

0635

Fig. 1. M-mode sector scan obtained from a patient with asymmetric septal hypertrophy without left ventricular outflow obstruc-
tion. Arrows indicate the place where the thickness of both the interventricular septum (TVS) and the left ventricular posterior
wall (PW) is measured. The IVS thickness is 23.5 mm whereas the PW thickness is only 11.0 mm. The septal to posterior wall
thickness ratio (SPW ratio) is 2.1, Calibration dots are 1 cm apart on this and subsequent echocardiograms, (Ao = aorta; CAR =
carotid artery tracing; ECG = electrocardiogram; LA = left attium; LV = left ventricular cavity; MV = mitral valve; RV - right ven-

tricie).
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is held perpendicularly when recording the largest
motion amplitude of the anterior mitral vaive leaflet
[6].

Recordings were then made with the transducer
aimed at a point just below the tips of the mitral
valve leaflets (Fig. 1), while adjusting the ultrasonic
beam direction in order to obtain optimal resclution

351

of the endocardial surfaces of both the IVS and the
LVPW (transverse scan) [2]. The thickness of the in-
terventricular septum (IVS) and the left ventricular
posterior wall (LVPW) were measured at the same
time in the cardiac cycle, at the onset of the P wave
of the simultaneously recorded ECG (Fig. 1). All
records were independently analyzed by 3 investiga-

Fig. 2. Echocardiogram obtained from a normal subject. Thickness of both the interventricular septum (TVS) and left ventricular

posterior wall (PW) is 9.5 mu, their ratic being 1.0.
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tors. The examined individuals were classified by the
echocardiographic data independenily of history,
physical findings and ECG. Following the criteria pro-
posed by Henry et al. [2] based on large series of ana-
tomico-patheological and clinical data a patient was con-
sidered to have asymmetric septal hypertrophy (ASH)
when the [VS thickness exceeded that of the LVPW
by 30%, i.e. a septal—posterior wall ratic (SPW ratio)
>1.3. To validate this criterion in our patient popula-
tion, the IVS and LVPW thicknesses were also mea-
sured in 25 normal subjects (based on negative his-
tory, physical examination, ECG and chest X-ray)
and 20 patients with valvular aortic stenosis, proven
by cardiac catheterization.

ASH can exist without and with outflow obstruc-
tion. Patients with outflow obstruction are those pre-
viously referred to as having THSS with the character-
istic abnormality being the prominent systolic ante-
rior movement of the anterior mitral valve leaflet on
the echocardiogram. This peculiar finding is by defini-
tion present in all index cases. When noted in some
of the family members studied, they were considered
as having ASH with obstruction (IHSS).

Results

1. Normal subjects

Figure 2 shows an echocardiogram typical of a
normal subject. The thickness of the IVS in the 25
normals ranged from 8.5 to 12.0 mm and the LVPW
thickness from 8.0 to 11.5 mm. The mean SPW ratic
was 0.97 with a standard deviation of 0.06. The dia-
gram of Figure 3 shows the distribution.

2. Patients with valvular aortic stenosis {AS)

An echocardiogram obtained from a patient with
AS is shown in Figure 4. The thickaess of the [VSin
the 20 patients with aortic stenosis ranged from 12.5
to 24.0 mm, and the LVPW thickness from 11.5 to
22.5 mm. The mean SPW ratio was 1.05 with a stan-
dard deviation of 0.07. This ratio is not significantly
different with that of the normal subjects (Fig. 3).

W.G. van Dorp et al.; Familial prevalence of ASH
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Fig. 3, The septal—posterior LY wall ratios found in three
different groups of subjects: 25 normals (no relatives of the
index cases), 20 patients with valvular aortic stencsis and 15
patients with IHSS {the index cases of this study).

3. Index cases

The thickness of the IVS in patients with IHSS
who served as index cases for this study ranged from
16.5 to 27.0 mm, the LVPW thickness from 9.0 to
14.0 mm. The mean SPW ratio for this group of pa-
tients was 1.92 with a standard deviation of 0.33
(Fig. 3). This is significantly higher when compared
with the findings in normals and patients with aortic
stenosis (P < 0.05), there is no overlap.

4. Relatives of index cases

In one family we could not find any relative
having ASH. We considered this patient as a sporadic
case and excluded this family from the study. In the
remaining 14 families, 80 relatives were examined;
73 had an echocardiogram of diagnostic quality (suc-
cess rate 91%). In this group 27 had ASH. Figure 1
shows an echocardiogram of a patient with ASH. The
distribution of the SPW ratios of all persons included
in this study is shown in Figure 5. The index cases as
well as the relatives with ASH with obstruction
(1HS8) are indicated. Maintaining an SPW ratio of 1.3
as the separation between normals and abnormals
there is a significant difference (P <C0.05} between
the mean SPW ratio of the normal relatives (i.e. those
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Fig. 4. Echocardicgram of a patient with severe left ventricular hypertrophy resulting from valvular zortic stenosis, [t shows pro-
portional thickening of the septum (30,0 mm) and the posterior wall (27.0 mm), The SPW ratio is 1.1 (IVS = interventricular sep-

tum; PW = feft ventricular posterior wall).

without ASH) and the relatives with ASH. There is,
hoewever, no difference in SPW ratio in the 3 sub-
groups with ASH (index cases, relatives with ASH
without cbstruction and relatives with ASH and ob-
struction {THSS)). The results of the other methods
to detect ASH are shown in Figure 6.
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Only 8% of the 27 relatives with ASH had one or
more of the previously mentioned complaints, 56%
a systolic murmur and 72% an abnormal ECG. No
abnormality at all was found in 17%, all of them were
in the group without cutflow obstruction.

We were able to examine both parents of 3 index
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Fig. 5. Histogram of the septal—posterior wall ratios of all
subjects examined, including the index cases, Ratios are sep-
arated in groups of 0,05. The index cases and their relatives
with IHSS (outflow obstruction at rest} are indicated, Sepa-
1ation by the SPW ratio of 1.3 is indicated by a vertical
broken line.

cases. In all 3, one of the parents was affected, In 7
other index cases, we found one parent with an in-
dicative history of a cardiomyopathic disease (sudden
death at early age, cardiomegaly and systolic mur-
mur).-In the remaining 4 no data concerning the par-
ents could be obtained.

To determine the percentage of affected children
of parents with ASH, we looked for parent—child re-
lations in the 14 families. Three groups were distin-
guished.

Group I consists of parents with ASH (confirmed
by catheterization, echo or autopsy).

Group IT includes the parent—child relations where
one parent had an indicative history of IHSS and at
least one child had proven ASH.

Group HI includes the parents without data avail-

W.G. van Dorp et al.: Familial prevalence of ASH
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Fig. 6. The prevalence of complaints in the history, abnormal
findings at physical examination and abnormalities in the
ECG are indicated in percentages (shaded area) for the af-
fected relatives. No abnormality at all was found in 17%.

able, but having at least two children with ASH.

Thke findings in these three groups are presented in
Table 1. We fourd 25 different single-parents with 78
children (41 males and 37 females); 20 males (49%)
and 19 females (51%) showed to have ASH.

Discussion
Validity of criteria
Our study showed that an SPW ratio of 1.3 sepa-

rates normal subjects and patients with aortic stenosis
on the one hand angd patients with IHSS on the ather

TABLE ] The number of single parents with their total number of children, divided in three different groups (see text}
Single parents A}l children Mean age + 8D Children with ASH Same in %

Group I 14 37 24+0 14 38

Group II 7 26 3716 15 58

Group 11 4 15 55+6 10 66

Total 25 78 39 50

Sex ratio 41 37 20 19

m f m f

The mean age of the children, the absolute number and the percentage of the children who have asymmetric septal hypertrophy
are indicated. Total numbers are broken down in sex {m = male; f = female).
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(Fig. 3). This is in agreement with the results of Hen- ceptionally exceeded 1.3 (mean 1.17; SD 0.14). How-
ry et al. [2]. Abbasi et al. [7], in a series of § selected gver, in this study pelaroid photographs were used
patients with nonobstructive hypertrophic cardio- limiting the accuracy of the measurements, fn the
myopathy, found an SPW ratio always greater than family investigation to detect ASH, the separation
2.00. In his control group of 15 normals the ratio ex- seemns less clear, as is shown in Figure 5. A bimodal

RE
e

Fig. 7. This echocardiogram demonstrates the problem to diagnose asymmetric septal hypertrophy in borderline cases. The trans-
ducer is kept stationary during the registration. At the place of the left arrow the calculated ratio 1.25 whereas one cardiac cycle
later it is 1,35, Correct classification when a ratio of 1.3 alone is applied, becomes difficult. Other criteria may eventually be used
such as the reduction or absence of systolic thickening of the septum and the excursion or motion of the mitral valve, indicative
for a decreased LV compliance, as demonstrated by this example,
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curve results with a slight overlap around 1.3, Pres-
ence of such an cverlap implies that false positive and
faise negative diagnoses may occur. Although this will
not influence the conclusions concerning the preva-
lence of the disease in large series, correct classifica-
tion may pose serious problems in some individuals.
Recently, a slightly different technique has been pro-
posed to determine the SPW ratio [8], which prob-
ably can reduce this overlap. Using this technique sep-
tal thickness is measured below the level of the distal
marging of the mitral valve, but then posterior wall
thickness is measured behind the posterior mitral
valve leaflet. A source of false positive diagnoses may
be the presence of right ventricular pressure overload
with concomitant septal hypertrophy. However, this
situation is uniikely or rarely to occur in a population
as studied here and other signs should point to this
condition. False negative diagnoses can occur in pa-
tients with I[HSS, who develop secondary hyper-
trophy of the LVPW. This may result in an SPW ratio
being less than 1.3. It seems, however, that such cases
are unusual [8].

More important, however, is the fact that even
with high quality recordings, cbtained with a correct
transducer positicn, measurements are not always
constant, which is especialiy troublesome in the
borderline cases. This is illustrated in Figure 7. The
SPW ratio calculated from measurements at two dif-
ferent places ranges from 1.25 to 1.35, respectively.
The problem is whether one shoutd classify this per-
son as ASH or not, relying only on the SPW ratio.
When this situation was present, the patient was clas-
sified on account of the smallest SPW ratio.

Familial prevalence

This study demonstrates a high familial prevaience
of ASH. In all parents of the index cases of whom in-
formation could be obtained, we found some indica-
tion for ASH (proven diagnosis or indicative history).
Furthermore, in 2 series of 78 children where one of
the parents was considered to be affected, 50% has
ASH, with an almost egual distribution between
males and females. Furthermore, it was demonstrated
that ASH can be transmitted through either males or
females, These data suggest an autosomal dominant
mode of inheritance and the 50% incidence in the

W.G. van Dorp et al.: Familial prevalence of ASH

o0 m

el
1949 1941 1936 1957 1249 1963 1957

Fig. 8. Genstic tree of a representative family included in the
study. The index case is indicated with an arrow, Three other
subjects showed to have asymmetric septal hypertrophy, the
son, brother and cousin of the index case.

Symbols: 0 = men; o= women,; black symbols mean ASH;?
= not examined; ¥ = dead,

The year of birth is indicated for each family member.

children of the index case indicates an almost com-
plete penetrance. The results shown in Table I sug-
gest an increase in penetrance of the disease with in-
creasing age in the three different groups. However, in
none of the three groups do the numbers differ signif-
icantly from the expected .values in the case of com-
plete penetrance {50% of the children affected). The
genealogical tree of a representative family included
in this study is shown in Figure 8. Aside from the fe-
male index case we found her son, brother and his
son affected. One sister of the proband had no ASH
and none of her children were affected. The parents
of the index case were deceased.

Sporadic case

Cne male index case had no other family members
with ASH. We examined both parents, 3 sibs, and 2
children. Most striking is that both parents were free
of detectable ASH. This may indicate that the index
case had a sporadic form of ASH, or that one parent
was affected after all, but had incomplete expression
of the disease and could not be detected echocardio-
graphically.

Criticism of the study

Some biases and sources of errors which may influ-
ence the results of this study are present:
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a. The index cases were selected, all had severe
IHSS.

b. It is not known whether the index cases were
homo- or heterozygote for the disease, this may influ-
ence the number of affected children.

¢. Spouses of the index cases were not examined
consistently, so it is unknown to what extent children
from parents both having the disease are present in
this study. However, this must be considered excep-
tional as the estimated occurrence of ASH in the
population is low.

d. By considering the fotal number of affected
children, some index cases were included in the af-
fected group. It follows, that in this situation always
one affected person is present in each family, the in-
dex case. Such truncate selection introduces a bias
with respect to the expected 50% ratio increasing the
apparent prevalence of affected children.

e. We have no information concerning the number
of stillbirths and miscarriages of the index cases.

f, To estimate the number of affected children,
farnilies were inctuded in which no echo information
of the parents was available. Although it is rather like-
ly that these individuals had familial ASH, no abso-
lute certainty exists.

Conclusion

We conclude that echocardiography is a sensitive
method to detect septal hypertrophy, the characteris-
tic anatomic marker of the THSS disease spectrum.

It is demonstrated that conventional examination
techniques are not sufficient to detect ASH. The re-
sults strongly suggest that, with possible exception

8a
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of rare sporadic cases, ASH is transmitted as an auto-
somal dominant trait with a variable expressivity and
a high degree of penetrance.
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CHAPTER 6

PREVALENCE OF DIAGNOSTIC ABNORMALITIES
IN PATIENTS WITH GENETICALLY TRANSMITTED
ASYMMETRIC SEPTAL HYPERTROPHY.

Folkert J. ten Cate, Paul G. Hugenholtz,
Wim G. van Dorp and Jos Roelandt.
{(Submitted for British Heart Journal, 1978}

6.1 Abstract

Echocardiographic studies were performed in 100 patients
out of the general cardiac populaticn, 33 patients with
classic hypertrophic obstructive cardiomyopathy and their
116 available first degree relatives. The findings were
compared to findings out of 35 normal individuals.
Prevalence of asymmetric septal hypertrophy (ASH) {(ven-
tricular septal to posterior wall ratio) 1.3} was 8% in
the general cardiac pcopulaticn, whereas no clinic:l or
echocardiographic evidence was found for a familial
disease.

The wventricular septal to posterior wall ratios for this
group and the normal individuals show an unimodal distri-
bution curve. All patients with hypertrophic cbhbstructive
cardiomyopathy show ASH, decreased systolic septal
thickening less than 25% and a characteristic left ventri-

cular shape.
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The ventricular septal tc peosterior wall ratios in the
116 family members show a bimodal distributicn curve of
35 individuals with ASH and 81 individuals with normal
ratios.

All 35 individuals with echocardiographic evidence for
ASH show in addition decreased systolic septal thickening
(less than 25%) and 17 of them had an LV-shape
characteristic for hypertrophic cardiocmyopathy. These
findings are in contrast to these in the other 81 indivu-
duals who show no ASH nor decreased systolic septal
thickening and had a normal LV-shape and thus appear to
be normal.

Clinical examination, electrocardiogram and chest film
were less sensitive to detect diagnostic abnormalities

in the 35 relatives with ASH. It is concluded that echo-
cardicographic determined ASH can cnly be considered as the
anatomic marker for hypertrophic cardiomycpathy when in
addition decreased systolic septal thickening and intec
lesser degree characteristic left ventricular shape
exist. Furthermore the data confirm that ASH probably re=~
presents the anatcomic expression of a genetic defect that

has an autoscmal dominant pattern of inheritance.

6.2 Introduction

Echocardiographic studies in first degree relatives of
patients with proven symptomatic hypertrophic obstructive
cardiomyopathy (HOCM) (Goodwin et al, 1960) or Idio-
pathic hypertrophic subaortic stenosis (IHSS) (Braunwald
et al, 1960) have shown that both in Europe and in the
USA the disease is genetically transmitted. (Clark,

Henry and Epstein, 1973; van Dorp et al, 1976}. In these
important studies asymmetric septal hypertrophy (ASH) was
used as the anatomic marker, establishing the presence of

this primarily muscular discrder.
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However echocardiographically determined septal hvper-
trophy can alsc exist in congenital heart disease infants
{(Larter et al, 1976), and even in valvular heart disease
in adults (Maron et al, 1977).

Following earlier reports from this laboratory that ASH is
a familial disease, genetically transmitted by an autoso-
mal dominant tralt, the present study was undertaken to
show 1f echocardiographically determined ASH is indeed

a specific disease entity, which can be separated from
other cardiac diseases in the general cardiac or apparent-

ly normal population.

6.3 Patient selection and methods

Four groups of patients were compared to a group of osten-
sibly healthy individuals, who served as controls. The

five groups were constitued as follows:

Group 1:

As a control group served 35 individuals with a negative
cardiac history, a normal physical examination, a normal
electrocardiogram (ECG) and a normal postero~anterior

chest X-ray. (X-ray)

Group 2:

One hundred individuals underwent complete hemodynamic
evaluation for cardiac diagnosis. Right and Jleft heart ca-
theterization was followed by single plane left ventricu-
lography. They consisted of 29 patients (pts) with severe
coronary artery disease (CAD), 18 pts with aortic valvular
disease {AVD), 30 pts with mitral valve disease (MVD),

16 pts with congenital heart disease (CHD), and 7 pts with
minimal heartdisease {MHD). Fiftynine were male and 41 fe-

male (mean age 41 + 15 years {yrs)).
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Group 3:

Thirtythree individuals (13 male and 20 female with a
mean age of 42 + 14 yrs) had hemodynamic (21 pts) and
echocardiographic (33 pts) proof of HOCM. Diagnosis in the
12 pts who had no cardiac catheterization was based on
characteristic clinical findings, family history, ECG and
phono- and mechanocardiographic findings.

These patients are further referred to as Index cases.

Group 4:

Thirtyfive first degree relatives of pts with proven HOCM
(19 male, 16 female with a mean age of 36 + 4 yrs) were
found to have echocardiographic evidence of ASH.

These patients were identified when 116 available first
degree relatives were screened by means of history ta-
king, physical examination, ECG and chest rdntgenogram,
as well as examinations with single and multi channel

echo equipment, for the presence of the disease.

Group 5:

Eighty-one first degree relatives of patients with proven
HOM (36 male, 45 female with a mean age of 28 + 12 yrs)
underwent the same screening procedure as the individuals

of group 4, bkut showed no evidence of ASH,.

6.4 Echccardiographic method

The echocardiograms were made with a commercially
available apparatus which included single element and
multi array eguipment with two-dimensional (2D) display
facilities. The echocardiograms were recorded in M-mode,
with a Honeywell linescanrecorder (Visicorder 1856) on

light sensitive paper (Kodak linagraph 1856).
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The 2D images were registered on videotape through a
videorecorder {Sony V-12). During examination the posi-
tion of the patients was changed until the best resolution
of the right side of the septum was cbtained.

The ceontinuous sectorscans were recorded in M-mode,
starting with the transducer perpendicular to the chest-
wall until the septum and posterior wall could be identi-
fied c¢learly. Gain settings were continuously adjusted to
cbtaln best visualization of bkoth interventricular septum
(LVPW) at a level just beneath the tips of the mitral
leaflets. (fig. 1)

itg. 1 M-mode echocar—
diogram of interventri-
cular septum (IVS) and
Left ventricular poste-
rior wall (LVEW).
Heasurements for end-
diastole and endsystole

are shown., (see arrows)

For further explanation

sze text.

The thickness of IVS and LVPW were measured, just after
the P-wave of the simultaneously recorded ECG for end-
diastole (Td).

The largest dimension of IVS and LVPW were taken to re-
present endsystole (Ts).

Fractional thickening of both IVS and LVPW were calculated
as Ts-Td/Té x 100% {ten Cate, Hugenholtz and Roslandt,
1377) .

The 2D images were performed in the long-axis corss-
section (Roelandt, 1977).
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From these images a qualitative description was given of
left ventricular (LV) shape and of the contraction pattern
of IVS and LVPW (akinetic, normal or hyperkinetic).
Derived measurements consisted of IVS/LVPW ratio, percent
systolic septal thickening and the LV shape and contrac~
tion pattern. ASH was considered to be present, when on
the echocardiogram IVS thickness exceeded LVPW thickness
by 20% {Henry, Clark and Epstein, 1973), regardless
whether history physical examination, ECG or X-ray provi-

ded supportive evidence.

£.5 Analysis of data

Student’'s t-test for independent observation was used to
determine the statistical significance of the measurements
invelved. (Fisher, 1970) Validity of septal measurements
has been described for our laboratory earlier {van Dorp

et al, 1976). In borderline cases "echo"-contrast has been
ejected into a peripheral vein for better definition of
right septal side. (Seward et al, 1877}

All measurements were carried ocut in duplicate by two in-

dependent observers,

6.6 Results:

Distribution of study pcopulations on basis of IVS/LVPW

ratio.

Group 1:

The IVS/IVPW ratio varied from 0.8~1.2 (mean 0.9 + 0.1)
in the 35 indiwviduals who served as a control group.

The IVS/LVPW ratios in this group are identical to those
cbtained from the "general” cardiac population and repre-

sent a unhimodal distribution curve. (fig. 2)
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It is apparent that, when IVS/LVPW ratios are considered,
group 2 ("general" cardiac population), group 5 (un-
affected family members) as well as group 1 (normal indi-
viduals) present the same distribution, which can

readily be separated from group 3 (Index cases) and

group 4 (affected family members).

Group 2:

IVS/LVPW ratic in this group was 1.0+0.1 (range 0.8-1.8).
{fig. 2)

Eight pts (8%) had a ratlio which exceeded 1.3, 3 of these
had CAD, 2 AVD and 3 CHD. Of these 8, one . patient with
CAD and true posterior wall infarction had a ratio of 1.6,
while another with a ventricular septal defect and infun-
dibular pulmonic stenosis had a ratio of 1.8. In none of
them there was evidence of a primary cardiomycpathy by
family history or otherwise.

The remaining six had ratios between 1.3 and 1.6.

7 of pativnts studied s
k3 ¥ % g 8%

&

Fig. 2 The distribution 1if IVS/LVEW ratics given in 100 patients

out of the general cardiac population, 35 normal individuals and

33 patients with hypertrophic cardiomyopathy. (Index cases)

ne can obgerve that slight overlap extsts between the general car-—
diae population and the Index cases, but that separation between

those groups ts evident, when IVS/LVPN ratios are considered. The nor-—
mal individuals have the some IVS/LVPW distribution as the general

cardiae population. o5



Group 3:

The ratio IVS/LVPW in these 33 pts ranged from 1.4-2.6
with a mean of 2.2+0.4 while the cbsolute septal and LVPW
thickness were 24+6 mm and 1243 mm respectively.

(fig. 3 and table I-IV)

It is evident that these patients represent a specific

group of individuals.

Group 4:

The ratio IVS/LVPW in the 35 relatives who had echocardio-
graphic evidence of ASH was 1.7+0.2(range 1.3-2.3}.

The average septal and LVPW thickness in theze individuals
were 1942 mm and 11+2 mm respectively.

Distribution of IVS/LVPW ratios was virtually identical to
group 3. (fig. 3}

Group 5:

The IVS/LVPW ratio in these 81 individuals ranged from
0.9-1.2. (mean: 1.0+0.1} The average septal and posterior
wall thickness were 11+2 mm (see table IV). This group of
individuals did not differ from the control group (group 1)
nor from the pts out of group 2, insofar as distribution

of this ratic is concerned. (fig. 2 and 3)

Analysis of clinical data

Since the purpose of this study was to describe the clini-
cal and echocardiographic evidence in pts with ASH and
their family members, the c¢linical analysis of the data is
restricted to groups 3, 4 and 5.

Detailed data for history, symptoms and signs, ECG and
chest X-ray are given in table I-ITI.



ELS

Z of patisnis studisd

V5 /LVPW ratic

Fig. 3 Distribusion of IVS/LVPW vatios from 3% Index cases, &5 first
degree relatives with ASH and 81 first degree relatives without
echocardiographic evidence for ASE. The socalled wnaffected individu—
als con clearly be separated from the Index cases and 'affected”
First degree velatives.

Thevefore the first degree relatives of patiswnts with hyperirophic
cardiomyopathy represent a bimodal distribution cuwrwve of IVS/LVPW
ratios.

Echocardiographic findings:

In table IV results cf pertinent echocardiographic data
are shown for group 3, 4 and 5 and compared to normal

values.

These groups had the following echocardiographic charac—
teristics:

In group 3:

1. increase in absclute septal thickness
2. IVS/LVPW ratio exceeds 1.3

3. septal akinesia and
4

abnormal LV-shape.
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In group 4:

increase in septal thickness
2. IVS/LVPW ratio exceeds 1.3
septal akinesia and

4. abnormal LV-shape in 17 of the 35.

Most indiwviduals of grcup 4 present the same echocardio-
graphic characteristics as the individuals of group 3,
while unaffected first degree relatives in group 5, at
least at the time of the study, were classcfied as normal
individuals.

Analysis of genetic transmission

Cf the 33 pts (33 families} out of group 3, 116 first de-
gree relatives were availlabkle. In 14 families no other
case of ASH (echocardiographically) was found apart from
the Index case. However in 2, documented ASH could be
established by necropsy data of deceased family members.
Of the 21 families with evidence of genetic transmitted
ASH, pedigree charts were made (fig. 4). The results show
a horizontal distributicon (relation between sibs) present
in 58%, a vertical distribution (parentsib relation) in
42% and both kinds of distribution in 38%.

These findings are in agreement with an autosomal dominant
trait. {Emery, 1974)
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Fig. 4 Pedigree chart of a representative fomily of a proband with
hypertrophic cardiomyopathy (see arrow).

Eehocardiographic study in this particular family show two other
sibs with ASH and one pavent with ASH.

This pedigree chart is in agreement with an autosomal dominant mode

of transmigsion.

6.7 Discussion

Asymmetric septal hypertrophy as a separate disease en-
tity:

The results of this study indicate that an abnormal
IVS/LVPW ratio (septum to posterior wall ratio}» 1.3) can
occur in patients with a variety of acquired or congeni-
tal heart diseases.

The question arises as to whether this abnormality is se-—
cundary to the underlying cardiac disorder or a manifesta-
tion of a coexistent and etiologically separate disease,
i.e.g. genetically transmitted ASH. (Clark, Henry and
Epstein, 19273).

Our findings in patients with acguired or congenital car-
diac diseases suggest that when an abnormal IVS/LVPW ratio
exists, it is usually not a manifestaticon of genetically
transmitted ASH.
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This conclusion is first based on the unimodal distribu-
tion curve found in the patients of group 1 and 2, and se~
cond on the negative family history for the presence of
genetically transmitted heart disease in the 8 patients

of group 2, who had an IVS/LVPW ratic of > 1.3.

This finding is in contrast with the apparent bimcdal
distribution curve fcound in the populaticn of first degree
relatives of patients with symptomatic ASH (see fig. 2),
and the positive family history in most of them (table I).
However, since we have not separately examined the pre-
valence of abnormal septal to posterior wall ratioc in
coronary artery disease, until now we cannot definitely
exclude on echocardiographic criteria alone the cccurence

of ASH and coronary artery disease together.

Is ASH a familial cardiomyopathy?

Since symptomatic patients with HQOCM or IHSS have a car-
diomycpathic disease, with characteristic signs for this
disorder as evaluated in our laboratory i.e. abnormal
decreased systolic thickening of the interventricular
septum (ten Cate, Hugenholtz and Roelandt, 1977) and an
abnormal LV shape, as observed from cross sectional
imaging, the questiomhad to be answered as to whether
these abnormalities are also present in first degree rela-
tives that have an abnormal IVS/LVPW ratio (ASH).

The results of this study have indicated that 35 out of
116 first degree relatives of patients out of group 3 had
decreased systolic thickening of the interventricular
septum, whereas 17 of them had also an abnormal LV shape,
in addition to the IVS/LVPW ratio of » 1.3 {(ASH) (Henry,
Clark and Epstein, 1973).

Therefore we conclude that patients of group 3 and their
family members of group 4 have the same echocardiographic
characteristics whereas clinical signs and symptoms are
different (see table I, II and III}.
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Characteristic echocardiographic signs are present which
provide the firm diagnosis of a genetic transmitted car-
diomyopathy with a wide wvariety of clinical signs and

symptoms.

Clinical implications:

On the basis of these findings, the gquestion also arises
as to how genetically transmitted ASH can be excluded as
a cause of an abnormal IVS/LVPW ratico in the occasional
otherwise individual with a IVS/LVPW ratio of » 1.3 and
in the patient with a congenital or acquired heart

disease with an abnormal IVS/IVPW ratio.

Cur experience indicates that the conly practical and re-
liable way tc make such a distinction is to examine first
degree relatives for ASH by echccardicgraphy. This exa-
mination should include a detailed echcocardicgraphic
analysis of the c¢riteria for ASH described in this study.
Although histologic examination of cardiac septal muscle
for the presence of disorganized cardiac muscle cells or
by biopsy or extensive hemodynamic and angilocardiographic
studies would provide the absclute evidence, these
technigues are not readily applicable or indicated in most
clinical situnations (Maron et al, 1%77).

Currently the echocardicgraphic technique remain the conly

realistic apprecach.

Echocardicgraphic limitations:

It should be emphasized that accuracy in detecting ASH is
critically dependent on carefully executed echccardic-—
graphic technigue. In this regard it must be reccgnized,
that it is sometimes difficult to define the anterior,

right, side of the ventricular septum accurately.
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Patient position and gain settings should be adjusted for
best visualization of the interventricular septum.

Errors in measurement can be reduced by better definition
of right septal side, with "echc"~-contrast (5% dextrose
or saline) injected into a perigheral vein. (Seward et al,
1977) Furthermore all septal measurements should be
carried out at the level just beneath the tips of the
mitralvalve leaflets.

In conclusion, this study has shown that a clinical spec-

trum exists that ranges from asymptomatic persons to
patients with typical HOCM or IHSS. All affected indivi-
duals have the same characteristic echocardiographic
features, finally asymmetric septal hypertrophy (ASH) can
be considered as the anatomic expression of a genetic
defect, which is transmitted as an autosomal dominant

trait.



Table T

History, symptoms and signs in Asymmetric Septal
Hypertrophy

A. Group 3 (i3 male, 20 female, ages: 42 + 14 vrs) N=33
Family history positive of cardiomyopathy 21
No clinical abnormality 0
Systolic murmur 32
Congestive heart failure 5
Syncope 2
Arrhythmias 10
Palpitation and dyspnea 22
Anginal complaints 14
On medication 33
B. Group 4 (19 male, 16 female, ages: 36 + 4 yrs) N=35
Family history positive of cardiomyopathy 35
No clinical abnormality i5
Systolic murmur 10
Congestive heart failure 0
Arrhythmias 3
Palpitations and dyspnea 6
Anginal complaints 10
Cn medication 2
C. Group 5 (36 male, 45 female, ages: 28 + 12 yrs) N=81
No clinical abnormality 81
Family history positive of cardiomyopathy 41
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Table IT

Electrocardicgraphic abnormalities in Asymmetric Septal
Hypertrophy

A. Group 3

2Abnormal "Q" waves 16
Left ventricular hypertrophy

Right ventricular hypertrophy

T-wave abnormalities 20
Intraventricular conduction abnormalities

Preexcitation syndrome

Supraventricular tachycardias 3
Ventricular rhythm disturbances 10
B. Group £

Abnormal "Q" waves

Left ventricular hypertrophy 8
Right wventricular hypertrophy -
T-wave abnormalities 10
Supraventricular rhythm disturbances 1

No electrocardiographic abnormalities

C. Group 5

No significant electrocardiographic abnormalities 81
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Table III

Chest film findings in Asymmetxic Septal Hypertrophy

A. Group 3

Cardiothoracic ratio ) 50% 3
Lung changes due to left heart failure
Normal chest film 2

B. Group 4
Cardiomegaly (cardiothoracic ratio 50%) 14

Iung changes due to left heart failure -
Normal chest film 21

C. Group 5

Normal chest £ilm 40

In children younger than 15 yrs of age of group 5,
no chest X-ray was made routinely.
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Table IV

Pertinent echocardiocgraphic findings in family members of 33 patients with

hypertrophic obstructive cardiomyopathy

Group 3 Group 4 Group 5
{Index cases}
N 33 35 50
IVS thickness {mm) 24 + 6 19 + 2 11 + 2
LVPW thickness (mm) 12 + 3 11 + 2 11 + 2
Ratio IVS/LVPW 2.2 (1.4 - 2.8 1.7 {1.3 - 2.3) 1.0 (0.9-1.2)
Systolic thickening of IVS (%) 9+ 8 12 + 12 50 + 11
Systolic thickening of LVPW (%) 66 + 30 60 + 15 70 + 12
LV shape banana shape banana shape ellipsoid
in 17

(p (0.005)
Normal values for IVS (interventricular septum): 8 - 14 mm.;

for LVPW (left ventricular posterior wall): 8 - 14 mm.;
for systolic thickening of IVS: 42 + 8(%) and for systolic thickening of LVPW: 52 * 9(%).
Normal shape of left ventricle (LV}: ellipscid.
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CHAPTER 7

PROGRESSION TO LEFT VENTRICULAR DILATATION

IN PATIENTS WITH HYPERTROPHIC OBSTRUCTIVE
CARDIOMYCPATHY

F.J. ten Cate, M.D. and J. Roelandt, M.D.

(Accepted American Heart Journal, 1978)

7.1 Abstract

Congestive heart failure with dilated left ventricle
developed in two patients with symptomatic hypertrophic

obstructive cardiomyopathy. Both patients previously
underwent cardiac surgery for relief of their outflow
obstruction.

Alterations in structure and function of the left
ventricle during their episode of cardiac failure and
thereafter were documented by echocardiography.

The findings suggest that progression to left ventricular
dilatation is a potential complication in patients with

hypertrophic cbstructive cardiomyopathy.
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7.2 Introduction
Left ventricular dilatation has been found during

postmortem examinaticn in one patient who was

known to have hypertrophic obstructive cardiomyopathy
Quring life.!

The progression to left ventricular dilatation, however,
has not been documented with c¢linical methods in patients
with symptomatic hypertrophic obstructive cardiomyo=-
pathy develcping congestive heart failure.

This paper reports on two patients with symptomatic
hypertrophic obstructive cardiomyopathy, who presented
with congestive heart failure and a dilated left
ventricle.

7.3 Case histories.

7.3 Case 1

A 59 year-old woman underwent a myotomy-myectomy in 1973
for symptomatic hypertrophic obstructive cardiomyopathy.

The histologic examination of the surgical specimen
demonstrated characteristic abnormalities as found

in hypertrophic cardiomvopathy.

Despite improvement of her symptoms, beta-blocking
medication was continued.

Echocardiographic examination in 1974 showed asymmetric
septal hypertrophy (ASH) with a ratio between inter-
ventricular septal thickness (IVS) to that of the left
ventricular posterior wall (LVPW) of 2.0 Left
ventricular (LV}) size was normal and no signs of cutflow
obstruction were present. The left atrial (LA) cavity
was slightly enlarged (figure 1).



Figure 1.

Eehocardicgraom of case 1 tn 1974, The tnterventricular septum (IV5)
tg thickened compared to the left ventricular posterior wall (LVPW).
The left atrium (LA) is enlavged. (Ratio of LA to Aovtic Root {4do)

is 1.4; novrmal value{ 1.2). Left ventricular (LV) size <e normal (52

wmlt .

In december 1975, she was hospitalized because of severe

congestive heart failure. The echocardicgram showed
dramatic changes. Disproportioconate thickening was now only
seen in the upper part of the septum close to the aorta.
In its midportion, the LV was extremely dilated (90 mm,

upper limit of normal 56 mm). LA size had increased
and there was pericardial effusion. (see figure 2 and

table 1). At cardiac catheterization, no pressure gradient
across the 1LV cutflow tract was measured and the dilated

LV was confirmed by angiocardiography. The coronary
arteries were found to be normal. Beta-blocking therapy

was discontinued and digitalis and diuretics prescribed
resulting in clinical improvement. Follow=-up
echocardicgraphic studies over a period of 14 months

showed a decrease of the LV dimension up to 60 mm (figure
3.
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Figure 2.

Echocardiogram of case I
during a pertod of con—
gestive heart farlure in
1875, The interventricular
geptvm (IVS) is thickened
at the level, just beneath

the acrtic valves, but

S

thereafter signifiecant
thinning of IVS is observed.
Left ventricular sizes are
enlarged to 20 mm and 75 mn in end-diastole and end-systole
regpectively. Left atriaql posterior wall iz not registersd on this

tracing. Pericordial effusion is noted.

Figure 3.

Echocardiogram of case I in 1876, Significant changes occured compared
to figure 2. Left vewntricular (LV}) size has changed to 60 mm and 45 mm
at end-drtastole and end-systole respectively. Left atrral aize has
significantly changed. (Ratio of LA to Aortic Root <s 1.4; normal
value { 1.2).
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7.3.2 Case 2

A 59-year-old man was operated upon for symptomatic
hypertrophic obstructive cardiomyopathy in 1973.

His preoperative hemcdynamic study has revealed a
resting LV outflow gradient of 60 mm Hg.

The histologic examination of the excised septal muscle
showed abnormalities typical for hypertreophic cardio=-
mycpathy. His symptoms improved subsequently and no
medical treatment was felt necessary. His follow-up
controls during three years occurred at another hospital.
In January 1976 he was referred to our unit because of
severe congestive heart failure. His echocardicgram made
at admission showed LV dilatation {(end-diastolic
dimension: 70 mm). The LA was also dilated (ratio LA/A0:
1.%; normal value ( 1.2).

Remnants of septal hypertrophy were seen on the echo-

cardiogram and confined to the region just beneath the

aortic valve (figure 4).

Figure 4.

Behocardiogram of case 8
druing a period of congesti-
ve heart failure in 1376,
Septal hypertrophy could
only be seen just beneath
the aortic valve, below

that level the interven—

tricular septum (IVS) is
thin and akinetic. Left
ventricular posterior wall
(LVEW) has a normal thickness and shows increased omplitude of motion,
Left ventricular (LV) size <& enlarged to 68 mm at end-diastole. The
teft atrial (LA) cavity is enlarged.

(LA) todortic Root (Ao) ratio: 1.4; novmal value{ 1.2).
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Belcow that level, the septum was thin, possibly as a
result of previous surgery, and akinetic,

Despite left ventricular failure, the left ventricular
posterior wall had still an increased amplitude of motion.
The patient was treated with digoxine and diuretics and
the symptoms improved. The echocardiogram made 3 months
later showed an LV end-diastolic diameter of 64 mm, while

there was nc apparent change in LA size (table 1).

7.4 Discussion

Left ventricular dilatation has been documented in one of
32 heart's from patients with previously known hypertrophic
okstructive cardiomyopathy during necropsy examinations.l
Frank and Braunwald2 concluded from their analysis of

126 patients with hypertrophic cardiomycpathy that in

this progressive disease with a variable clinical course,
congestive heart failure was a rare complication. Only
twenty patients in their series had cardiac enlargement on
their routine chest film and only one was found with
clinical signs of congestive heart failure. Adelman3
in a series of 60 patients, reported 7% incidence of
congestive heart failure. No data on their cardiac size
was included. Shah and Sylvester4, during an echocardio-
graphic follow—up study of 42 months in a small series

of patients with hypertrophic obstructive cardiomycpathy,
could not demonstrate significant changes in left ven-
tricular size. Thus, it appears that the development

of congestive heart failure with dilated ventricle is a
rare complication indeed.

Qver a 4 year period, we have echocardiographically
documented hypertrophic cardiomycpathy in 50 patients.

0f these, 25 had systolic anterior motion of the anterior

mitral valve leaflet in a narrow outflow tract typical
for dynamic outflow cobstruction. Ten were operated upon

and are now belng followed regularly. Five developed
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¢linical signs of congestive heart failure, of which
two had a dilated left ventricle and are described here.
It is difficult to infer to an eticlecgical factor for
progression to LV dilation in hypertrophic obstructive
cardiomycpathy. It is true that bcth patients underwent
myctomy - myectomy but surgery has now been performed
in many patients and follow-up data over periods of up
to 14 years have been reported.5

No patient with progressicn to LV dilatation has been
documented sofar. Beta-blocking treatment could have

been a causative factor in case 1. However, this seems

unlikely since more cases should have been found over the

last decade as beta-blockade is a common treatment.
Nonetheless, it appears that progression to congestive
heart failure with left ventricular dilataticn does

occur as a rare complication in the course of hypertrephic

chstructive cardiomyopathy.



Table 1.
Pertinent echocardicgraphic data of the two patients with
hypertrophic cardiomyopathy during congestive heart fai-

lure (A) and after medical treatment (B).

Case 1. Case 2.
iy B A B
1V dimension
ED 50 60 70 64
S 75 45 43 44
LA/AC ratio > 1.5 1.4 1.9 1.7

Ao: aortic root: ED and ES: end-diastolic and end-systolic
left ventricular internal dimensions in millimeters; LA:
left atrium; LV: left ventricle.



References

Roberts, W.C. and Ferrans, V.J.:

Morphologic observaticns in cardiomyopaties. In:
Myocardial diseases: Editcor, Noble 0. Fowler.

Grune and Stratton, New York and London, 1973.

Frank, 5. and Braunwald, E.

Idiopathic hypertrophic subaortic stenosis: clinical
analysis of 126 patients with emphasis on the
natural history. Circulation 35: 759, 1968.

Adelman, A.G., Wigle, E.D., Ranganathan, N., Webb,
G.D., Kidd, B.S.L., Bigelow, W.G., Silver, M.D.:
The clinical course in muscular subaortic stencsis.
Ann. Intern. Med. 77: 515, 1972,

Shah, P.M. and Sylvester, L.J.:

Echocardiography in the diagnosis of hypertrophic
obstructive cardiomyopathy.

Amer. J. Med. 62: 830, 1977.

Morrow, A.G., Reitz, B.A., Epstein, S.E., Henry,
W.L., Conkle, D.M., Itscoitz, S5.B., Redwcod, D.R.:
Operative treatment in hypertrophic subaortic
stenosis. Technigues and the results of pre- and
post— operative assessment in 83 patients.
Circulation 52: 88, 1975.



CHAPTER 8
FIXED SUBAQRTIC STENOSIS:

The value of echocardiology for its
diagnosis and differentiation between

the various types.

P.J. ten Cate, W.G. van Dorp,
P.G. Hugenholtz and J. Roelandt.
(Submitted British Heart Journal, 1978)

8.1 Abstract

The M-mode echocardiographic and cross—sgectional fin-
dings in 19 patients with proven fixed subaortic stenosis
are described, Based on their hemcdynamic, angioccardio-
graphic and surgical analysis, two main groups of patients
were identified.

Group I consisted of 13 patients with the membranous form
of the disease which was further subdivided in patients
having & thin membrane with a normal outfiow tract

{(group Ia; 3 patients) and those with a thicker fibrous
ring or collar associated with some degree cf outflow
tract narrowing {(group Ib; 10 patients).

Group II comprised 6 patients with the typical long-
segment or tunnel form of the disease.

118



The outflow tract was of a normal size in all three
patients of group Ia and an abnormal echo, most likely
representing the subaortic membrane, was se=n in only one
patient on M-mode and cross-sectional images.

The narrowed left ventricular cutflow tract was diagnosed
with both methods in all patients of grcup Ib and II.

The area of narrowing extended over a longer segment in
the patients of group II which was more easily appreciated
from the cross-sectional images.

Premature closure of the aortic valve cusps was recorded
in 2 patients of group Ia, 5 of group Ib and 2 of group IT.
It seems from these findings that fixed subvalvular aortic
syenosis with isolated discrete subaortic membrane cannot
reliakly be diagnosed by echo. Patients with narrowed
outflow tract, however, are reliably detected by echo.

The differentiation between a short and a long-segment of
narrowing is made with more confidence from cross-sectio-

nal images.
8.2 Introduction

Fixed subaortic stencsis, a condition causing cbstruction
to left ventricular cutflow, can be produced by an iscla-
ted discrete fibrous membrane, located just beneath the
aortic valve, a thicker fibrous ring of collar which is
always asscciated with some degree of left ventricular
outflow tract (LVOT) narrowing, or by diffuse long-
segment fibro-muscular narrowing.

The correct differentiation between these different anato—
mic forms is important since they involve a different na-
tural history. Furthermcre each type has its specific
problems and a different prognosis when surgery is con-
sidered in symptomatic patients. (Maron et al, 1976,
Katz, Buckley and Liberthson, 1977)



A few studies have indicated that echocardiography could
be a helpful and noninvasive means for the diagnosis and
the differentiation between the types of fixed subaortic
stenosis. (Popp et al, 1874; Davis et al, 1974; Rcelandt,
1977)

In addition, cross-sectional imaging has been proposed as
an important method for the evaluation of the left ventri-
cular outflow tract. (Weyman et al, 1976)

The purpose of this study was to test both M-mode echor
cardiography and cross-sectional imaging for their role
in diagnosing and differentiating the different types

in 19 patients with proven fixed subacrtic stenosis.

8.3 Patient material and methods

- Patient populaticn

Nineteen patients with fixed subaortic stenosis (FSAS)
were included in this study. There were 8 male and 11
female (ages: 16 - 60 years: median 20). Major com—
plaints were inappropriate exterional dyspnce in 18,
chest discomfort during exercise in 12, and dizziness,
faintness and/or syncopal attacks in 3.

None had signs of heart failure at the time of their
examination. Based on the hemodynamic, angiccardio-
graphic and surgical findings, patients were divided
into 2 main groups (table I).

Group I: 13 patients had the membranous form of the
disease. 3 had a ncormal LVQT (group lIa) whereas the
other 10 had different degrees of LVOT narrowing over a
short segment (group Ib).

Group II: 6 patients with the long-segment or tunnel
type of subaortic stenosis.
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- Hemodynamic, angiocardiographic and surgical data
{table I}:

Group I: The diagnosis of FSAS in the 13 patients of
this group was mainly based on the demonstration of a
significant pressure gradient between the left ventri-
cular cavity and LVOT. A distinct membrane with a sub-
valvular chamber beneath the acortic valve was demonstra-
ted in only 7 patients on the left ventricular cine-
angiocardiogram, made in the right anterior obligue
projection. In 11 patients, aortic regurgitation was
seen during supra-aortic valve angiography.

Nine patients underwent surgery. In 3, a thin subsaortic
membrane attached to the anterior mitral valve leaflet
was found and could be excised. In the other 6 patients,
the abnormality consisted of a thicker membranous cellar
having a 2-5 cm circumference, located just beneath

the aortic valve. This anbormality was excised as much
as possible. A bicuspid acrtic valve was described in
one patient and no further information on the acrtic
valve was available in the surgical reports. Severe con-
centric hypertrophy of the left ventricle was mentioned
in one and a thickened interventricular septum in 2

patients.

Group II: All 6 patients had a severe systolic pressure
gradient acreocss the LVOT. In 4 patients, the long-
segment narrowing cf the LVOT was diagnosed from the LV
cine—-angiocardiogram. Acrtic regurgitation was present
in four. Five patients were operated upon. Myectomy was
performed in three, myotomy in one and a LVOT recon-
struction in the fifth one.

The latter patient died postoperatively.
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- Ultrasonic examination

The apparatus used was a commercially available instru-
ment {EchocardioVisor 03), having both M-mode and cross-
sectional imaging facilities (Roelandt, 1977).

From the standard transducer position on the chest
(Roelandt, 1977), several M-mode scans were mace with a
transducer scanning speed as constant as possible,
Patients were examined in the supine or slightly left-
lateral recumbent position. During the examination,
gailn settings were continucusly adjusted for best visu-
alization of cardiac structures. Registrations were
recorded with a Honeywell linescanrecorder (Visicorder
1856) on light sensitive paper (Kodak Linagraph, 1892).
The following parameters were studied on the PM-mode
recerdings: width of the outflow tract at end-systole,
motion of the aortic valve cusps, the presence of a
high freguency vibration on the anterior mitral valve
leaflet during diastole and the systolic motion pattern
and contraction pa-tern of the LV walls (obliteration
of LV cavity during systole in the area beyond the
posterior papillary muscles) . Cross—sectional studies
were performed in the long-axis sagittal plane following
the LVOT and recorded on Videotape.

During the analysis, special attention was paid to the
width and the length of narrowing of the LVOT, the pre-
sence of left ventricular hypertrophy (LVH) and apical

LV cavity obliteration during systole.

8.4 Echocardiographic results

Group Ia: Only in one of the 3 patients, an abnormal
echo within the LvOT, which most I1ikely represented a
membrane, was visualized (fig. 1). This size of the

ILVOT was larger than 20 mm in all three patients.
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Premature closure of the aocrtic cusps was seen in two

patients. No specific abnormalities could be detected on

cross—sectional images.

Fig., 1 Echocardiogram of a patients with FSAS out of group Ia.

A membrane was found and excised ot surgery. Note the normal sise
of the left ventricular outflow tract (LVOT) and the discrate
echoes of membrane in the LVOT. (see arvows)

Because the membrane is attached to the mitral valve, the systolic

motion pattern of that valve ig abnormal. The aortic valve (Ao}

cusps move normal,

Group Ib: All 10 patients of this group had an end-
systolic TVCOT width of less than 20 mm (range 10 - 18 mm;
normal value? 20 mm) (figure 2). Five patients had an
initial rapid opening of at least one cusp of the aocrtic
{Ao) valve followed by an abrupt clesure shortly after

the onset of ventricular ejecticn. In 4 of these, a dis-~
tinct systolic fluttering of the Ao cusps was also re-
corded. A high frequency diastolic flutteriny on the anter
rior mitral valve leaflet, suggestive of aortic regurgita-
tion (Winsberg, Gabor and Hernberg, 1970) was seen in 5
patients.
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Fig. 2 M-mode scan from the aorta (do) to the apex of the left ven—
tricle (LV) in patient out of group Ib. The endsystolic width of the
LVOT {5 wnarrowed over o rather ghort segment.

A high frequency diastolic flutter (F} on the amtertor mitral valve
leaflet, suggestive of Aortic regurgitation is seen. The aortic val-
ve cusps show premature closure in midsystole, also a systolic
Flutter (f) on the aortic cusps is rnoted. The interventricular sep~
tum (IVS) and LV posterior wall (LVPW) ave both symmetrically hyper—
trophied.

CAR= carotid artery tracing; PH= phonocardiogram.

Concentric left ventricular hypertrophy (LVH) was present
in 8, and one of them had an abnormal systolic anteriocr
motion (SAM} of the anterior mitral valve leaflet.

(fig. 3).

Asymmetric septal hypertrophy (ASH) was present in 2
patients; enddiastolic septal thickness of 18 and 20 mm
respectively.

Systolic apical obliteration was seen in 5 patients.
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Fig. & M-mode scan in patient out of group Tb.

ALl features suggestive for FSAS are geen on this echocardiogram.
In addition the anterior mitral leaflet shows an obnormal systolic
anterior motion (S4M), (see avrow), indicative of a dynamic ob-
struction to left ventricular outflow.

On cross—sectional images, a short-segment narrowing of
the LVOT which appeared as a "ridge" just below the

acortic valve was diagnosed in all (figure 42). Severe con-
centric IVH was present in 8 patients of which 5 demon-
strated a systolic cbliteration. In these patients, the
papillary muscles were displaced more anteriorly in the

LV cavity. The LV had an abnormal shape in 2 patients,
similar to the LV shape seen in patients with genetic
asymmetric septal hypertrophy.
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Fig, 44 Ultrasonic cross—
sectional image of patient whose
W~mode sectorscon ig described
in figure 2. A narrow LVOT is ob-

served, over a rather short seg-—

ment (see arrow), appearing as a
"ridge” just beneath the aoviic

valve cusps.

Fig. 4B Ultrasonic cross—sectional image of patient whose M-mode
sectorscan 1s described im figure 5. A narvow LVOT is cbserved over
a rather long segment Ffrom a level Just beneath the Aortic cusps

to the level of the mitral valve leaflets at LV mid-cavity.

For abbreviations see text.

Group II: All & patients showed a long, narrow LVOT on
their M-mode recordings, which was guite distinctive from
the echographic pattern seen in patients of group Ib
(figure 5}).

Two patients showed an early Ao cusp closure and three a
systolic flutter. A diastolic mitral valve pattern con-
sistent with aortic regurgitation was seen 1 patient and
2 had severe concentric LVH (end-diastolic septal and
posterior LV wall thickness 18 mm and 18 mm respectively)
of which one had SAM. Two patients showed in addition to

concentric LVH an apical obliteration.
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Two patients had disproportionate septal thickening (sep—

tal to free posterior wall ratio 1.3 and 6 respectively).

T40912

Fig. & M-mode scan from the aorta (A0) to the apex of the left ven—
tricle (LV} performed with a uniform transducer speed in patient
of group II. Note the length of the mnarrowed LVOT (see arvow).

For abbreviations see text.

On their cross-sectional images, all 6 had narrowed LVOT
over a considerable length which extended almost to the
mid-cavity level of the LV (figure 4B).The severe concen-
tric LVH present in two patients, resulted in a small

cavity and systolic obliteration (figure 6).
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Fig. B4 Ultrasonic transverse
crogs—gectional image at the le-
vel, Just beneath the mitral legf~
lets at enddiastole.

The covity of the left venitricle

s well seen.
The IVS and LVPW are symmetrically

hypertrophied.

Fig. 6B Same cross-section as des—
cribed tn figure 64 at endsystole.

Chserve the systolic cbliteration

of the LV cavity.

Pl= papillary muscle.

8.5 Discugsion

Two major types of subvalvular aortic stenosis are des-
cribed: the type with fixed cbstruction and the type with
functional cbstruction te left ventricular outflow.
Distinct echocardiographic abnormalities are present in
the latter form (Henry, Clark and Epstein, 1973).

The fixed form of subacrtic stenosis can be divided inte
membranous type, either isolated or associated with LVOT
narrowing, and the tunnel type of subaortic stencsis.
Speclial attention has been given in recent studies to the
different prognosis and clinical management for the
different types of FSAS., A high incidence of sudden death
has been observed and surgery should not be recommended
to patients having the tunnel type of the disease hecause
of a high risk and lack of symptomatic improvement

(Maron et al, 1976; Katz, Buckley and Liberthson, 1977).
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Contrary to this, surgical management of the membranous
form is relatively safe and effective, although not al-
ways totally corrective (Kelly, Wulfsberg and Rowe, 1972).
Therefore an accurate diagnosis of the type of FSAS seems
important. The diagnosis of FSAS is often based on
pressure recordings demcnstrating a subvalvular gradient
since angiccardicgraphy may fail to demonstrate the mem~
brane or to visualize the narrowed LVOT. This was the
case 1n 6 patients of our group I and 2 patients of

group IT.

It should be recognized, however, that the guality of the
angiocardiograms and especially the incidence of the X-
ray beams are of major importance. It seems that this was
not always carefully done in our series. It must be
emphasized that a positive and uniguivocal visualization
with ultrasound of an isolated subvalvular membrane is
alsc exceptional since in only one patient of group Ia,
the subaortic diaphragm was diagnosed. This has also been
the experience of others. In a study of 11 patients,
Lindstrom (1977) was not able to demonstrate the membrane
in any of them. This is probably because the ultrascund
beam is not easily aimed in a direction to hit this
structure perpendicularly. With the exception of this un-
common type of the disease our findings do suggest that a
narrow LVOT can reliably be diagnosed from echo.
Therefore, echocardiography may play a major role for the
diagnosis and differentiation between the different types
of the disease and should be performed in all patients
with LV outflow disease, before hemodynamic and angio-
graphic analysis is considered. The combination of a
narrow LVOT, early closure cof the aortic cusps, the presen-
ce of aortic insufficiency and concentric ventricular
hypertrophy with small cavity is suggestive if not diag-
nostic for the membranocus form asscciated with narrow
LVOT (see figure 2}.
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The tunnel form of FSAS can alsc be missed on the cine-
angiocardiogram (pts.no. 14 and 19) but was always de-
tected by echocardiographic examination, and is best
appreciated from cross-sectional images. This is because
the L¥OT can be thought of as a flattened space in these
cases. The echocardiographic beam most likely passes
through the small dimension of the tunnel, whereas the
X-ray beams in the antero-posteriocr projection are per-—
pendicular to the tunnel, resulting in visualization of
the large dimension of the tunnel on the angiogram.
(Roelandt and wvan Dorp, 1977)

Early systolic closure and fluttering of one of the Ao
valve cusps, earlier described as characteristic for FSAS
(Davis et al, 1974) has not been found to be sensitive
for detecting FSAS in our series. This finding is now
recognized to be a nonspecific echographic abnormality
{(Weyman et al, 1977).

There was a striking descrepancy between echographic ab~
normalities of the mitral valve findings suggesting aor-
tic insufficiency on echo and the angiccardiographic
findings.

Only 6 patients were diagnosed from echo while 15 of the
1% patients had minor degrees of aortic incompetence on
their cineangiocardiograms. This discrepancy could be ex-
plained by differences in directicn of the regurgitant
jet. ASH and an abnormal systolic anterior motion of the
anterior mitral leaflet, features typically associated
with IHSS, also occur in FSAS. This is important when
surgery is considered, and in addition to excision of the
fixed cobstruction, a septal myotomy - myectomy should be
performed. Otherwise, the patient may succutb in the
immediate postoperative period.

The coexistence of ASH, SABM and FSAS suggest an inter-
relationship between FSAS and more diffuse functional
types of LV outflow obstruction.
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In fact, the history and echocardiographic study of fami-
ly members of 2 patients (pat. 8 and pat. 17), showed
first degree relatives with typical features of IHSS, con-
firmed at cardiac catheterization. A relationship between
the membranous form of FSAS and tunnel subaortic stenosis
has also been suggested (Kelly, Wulfskerg and Rowe, 1972}).
This is further substantiated by the observation in one
ocf our patients (pat. nr. 14) who developed the typical
form of tunnel subaortic stenosis after excision of a
subaortic collar 10 years ago. Some authors believe in

an age related incidence of this disease (Katz, Buckley
and Liberthson, 1977). Many patients die in their
adclescence as a result of sudden death or intractable
heart failure. However, four of cur patients were older
than 50 years, an age rarely encountered for this dis-
ease in litterature.

In conclusicn, it appears that echeocardicgraphy is a use-
ful noninvasive means in the diagnosis of FSAS, except
for the form where an isolated membrane in a ILVOT of nor=-
mal size exists. The echodiagnosis of FSAS is not always
specific and may involve several findings to be searched
for on M-~mode recordings and cross~sectional images.

The method certainly allows a better preoperative evalu-
ation and hence surgical management. Echocardiography
will also enlarge our knowledge of the natural history

of FSAS.
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Table T Clinical features of 19 cases with FSAS

Case No. Age{yr) Cath.findings+angic Surgical findings Assoc. lesions

Group Ta{membr.} sex

1 17 M IN=A0:115 mmHG; AI:++ membrane

2 19 M IV~A0:106 " ; AT 4+ "

3 11 M IV-Ao: 90 " ; AT :++ " bicuspid Ao
Group Ib

4 57 F IV-a0:3100 " ; AT:-  —===—  ————

5 38 F ILV-Ag: 41 " ; AL :++ ————— e

6 38 F LV-Ao: 80 " ; ATI:- thickened septum small membrane
7 20 M IV-&o: 23 " ; AT:+  —====  —m——-

8 20 M Lv-ao: 80 " 3 Al:+  —===-  —————

9 20 M LV-Ap: 60 " ; Al:+ membrane = 000@———=-

10 50 F LV-Ao: 60 " ; AIL:+ membrane 00 -—-===

11 14 F LV-A0:105 " ; AT:++ membrane = -—-—=-—

12 20 F LV-2a0:110 " ; AT:++ membrane IVH

13 18 M LV-Ao: 90 * : AT:+++ membrane thick IVS +
Group II thick Ao valve
14 19 M Lv-Ao: G " ; AI:+ membrane LVOT?

15 60 F LV-Ao: 80 " ; AI:+ tunnel SAS

16 20 F LV=-A0:100 " e

17 42 T ILv-Ac: 60 " ; AIL:— tunnel thick septum
18 20 F Lv-ao: 80 " ; AI:++ tunnel+thick sept.

19 30 F LV=A0:130 " ; AIl:++ abn. mitr. valve



Table II

Echocardiographic findings in 19 patients with FSAS

Group
No of pts.
Narrow LVOT ggmode

Thin "extra" echo
Barly closure Ao cusps
Fiutter Ao cusps

AT

Concentric LVH

ASH

SAM

Apical cbliteration

Ia ™
3 10
- 10
- "ridge"like
1 -
2 5
- 4
- 5
- 8
- 2
- 1
- 5

leng segment

N NN HE W N



Table IIX LVOT width, septal and posterior wall
thickness in 19 cases with FSAS

Case No. LV OT {mm) IVS (mm) LVPW (mm)} Ratio IVS/LVPW
1 20 13 13 1.0
2 21 12 12 1.0
3 20 13 13 1.0
4 17 18 12 1.54
5 9 18 18 1.0
6 10 20 10 2.0
7 18 18 18 1.0
8 4 16 16 1.0
9 10 15 15 1.0
10 17 15 15 1.0
11 11 16 16 1.0
12 10 18 18 1.0
13 11 15 15 1.0
14 10 18 18 1.0
15 8 18 18 1.0
16 10 14 14 1.0
17 12 22 13 1.6
18 8 20 15 1.3
19 10 16 16 1.0

LvOT= width in mm of left wventricular outflow tract at
endsystole

IVS = interventricular septal thickness (mm} at enddiastcle

LVPW= left ventricular posterior wall thickness (mm) at
end

mm = millimeters
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CEAPTER 9

CRITIQUE OF THE STUDY_ DESIGN, ITS TECHNIQUES
AND RESULTS WITH SOME PERSPECTIVES FOR THE
FUTURE

9.1 Introduction

In today's practice of cardiology, the echeocardicgraphic
examination has kecome an essential component.

Many decisions concerning clinical management and therapy
are influenced by it. It is clear therefore that the echo-
cardiographic laboratory is obliged to maintair a high
standard of gquality in order to serve the cardiclegist
with assurance and reliability. This in turn reqguires a
critical look at the limitations which affect this
technigque. These limitations are due to restrictions in the
rhysical properties of ultrasound itself, in the examina-
tion technigue and in the daily level of performence in
the echocardiographic laboratory, all of which
simultaneously or separately may have influenced the re-
liability of the data described in this study.
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9.2 Limitations related to physical properties of
ultrascund

Limitations due to physical properties of ultrasound are
influenced by the angular dependence of reflections and of
interface characteristics to restricted axial resolution,
to beam divergence and to the wide range of amplitude of
returning echosignals. Since ultrasound waves are re-
flected at boundaries between media of different accusti-
cal impedance, optimal echoes will be only received from
those boundaries which are perpendicular to the sound
beam. However angles of incidence of the ultrasonic beam
will vary greatly in the heart so that large variations

in amplitude of reflecting ultrascund must result.

As a ccnsequence continuous adjustment is necessary in the
gain settings to achieve an echocardiographic examination
which is optimal in clarity., This adjustment can be done
in part automaticallyl , but does require some human
"override". This latter factor, when erroneously or
overzealously applied, may result in diagnostic errors.
Also the nature of the reflecting surface is of importance,
since reflections from a rough surface will be of a
diffuse or scattered character in contrast to the re-
flections of a smooth surface. Furthermore there is al-
ways some laterally reflected ultrasonic energy which will
return to the transducer and may confuse the ultimate
interpretation.

These experiences have led to the formulation of the con-
cept of axial resolution, which is the minimal axial dis-
tance at which two separate structures can be recognized.
Axial resolution is also dependent of the duration of

the pulse of the ultrasound wave. It has been found in
adult cardioleogy that 2.25 MHz is necessary since pene-
tration up to 20 cm in the thorax is required; here the

axial regolution is about 1.5 mm.
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This resclution problem constitutes the limiting factor
when wall thickness is measured by echo., Then, tco, the
ideal unltrascnic beam produced by the transducer should be
"pencil®" like over its entire distance. Unfortunately,
this is not the case as the beam width remains the same
only over a short distance in the near field end then di-
verges in the far field. This beam divergence is in turn
dependent on the radius and the frequency of the trans-
ducer used. Since higher freguencies have less penetration
of energy, a compromise has to be reached. Presently,

most single transducers have a diameter of 1.5 cm and are
focuged at 7.5 or 10 cm. For the two-dimensional system

a 3.5 MHz transducer is employed with 51 elements with
capacities to vary the focus at different levels,

As indicated above the wide range of echo-signals has to be
controlled by a time-gain compensation system., Since
differences between the smallest and largest signals can
vary up to 10.000 times, the need exists for earlier sig-
nals to be turned down and for the distant signals to be
amplified. In the apparatus employed in this study the
time-gain control system is divided intc 5 segments.

Here each segment can be controlled for the depth range of
ultrasonic energy, so that at that level the best resolu-
tion is obtained by the examiner. In single beam studies
aimed at the assesment of posterior cardiac structures,
deep penetration should be combined with small beam diver-
gence and high axial resolution. This compromise is best
achieved by the use of a 2,25 MHz transducer of 1.5 am
radius focused at 7.5 or 10 cm. Obviously for near field

studies a different compromise would apply.
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9.3 Limitations to due to examination technigques

From the description of the details of the single beam
examination technigue given in Chapter 2 it is evident
that every echocardiographic study should begin with
several sectorscans from the base of the heart to the apsx
cf the left ventricle. In this general corientation the
examiner will mostgoften surmise that ASH is present.
Thereafter all different cardiac structures should be
reached with the best combination of patient and trans-
ducer position, while simultaneocusly adjusting different
time-gain control settings.

This can be tricky and requires patience, experience and
dexterity as well as a thorough knowledge of normal
anatomy as well as pathologic conditions. A normal strong
sense of stereometric orientaticn is alsc needed, since
the mental visualization of cardiac structures is esgen-
tial in the proper recognition of echo-signals observed

on the oscilloscope or recording paper. It is here that
real time cardiac imaging have their greatest wvirtue.
Measurements of septal and posterior wall thickness -are
made just below the level of the mitral leaflets and after
the P-wave of the simultaneously registered ECG. This
provides the end-diastolic dimensions. End-systolic dimen-
sions are measured when maximal thickness of septum and
posterior wall is seen. It is at this time that the cavity
dimensions are smallest, Adherence +to these factors is of
utmost importance for the comparison between different
patients. Furthermore the two-dimensional real time ima-
ging apparatus is here again very helpful to relate va-
rious cardiac structures to one another so that the analy-
sis of their functicn and motion pattern c¢an be carried

out with precision.
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The results reported from this laboratory are not entire-
ly comparable to the data of others since as yet no
standardization has been arrived at for examirnation tech-
nigue or of the corigin and timing of different quantative
measurements. This problem has generally been recognized
and several echocardiocgraphers in Europe and the U.S.A.
are now trying to arrive at mutually acceptable standards.
Even with these limitations most reported results show a

very high degree of correspondence.

9.3.1 Daily level of performance

It is obvious that every laboratory should maintain a
satisfactory level of performance. This can only be
achieved by daily supervision of technicians and physi-
cans, by regular inspection and analysis of all tracings
produced on a given day and by regular teaching sessions.
In crder to test the average level of performance the re-
cords cf 23 unselected patients referred over a 3~month
period to the echocardicgraphic laboratory for various
diagnoses were studied. Since this coincided with a
research project on the use of echo-contrast 10 cc of
glucose or saline was injected into a peripheral vein to
study whether this improved the recognition of the right
septal surface and thus the accuracy of measured septal
thickness. Standard sector scans were made prior and after
echocontrast injections, Duplicate measurements of septal
thickness were made by two experienced echocardiographers.
The results show no statistically significant difference
between septal thickness measured with or without echo-
contrast, nor bhetween the results from the two observers.
It appears that while the use cof echocontrast often clari-
fies the issue it does not increase the accuracy of septal
measurements while it satisfying to note that interobser-
ver variability proved negligible.
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9.4 (Critigue of the study design and its results

The data described in this study are not only dependent

of the physical qualities of ultrasound or on the exami-
nation technique and daily level of performance, but also
on the nature of the origin of the signal cbhtained.

Is what one recognizes as the wall of the ventricle really
that structure? Is the sensitivity of the method as high
as expected? In order to sclve this problem a series of
experiments were carried out. Two sets of transducers were
employed, one an experimental crystal gown on the
epicardium and one a conventional clinical echo-transducer.
In the open chested pig, reccrdings were made from both
transducers at adjacent positions on the anterior wall of
the left ventricle. The epicardial transducer was sutured
tightly to the left ventricular muscle, whereas the other
transducer was kept into hand contact with the heart just
like it would be held on the chest wall in the clinical
gsituation. (see figure 1)

To mark the endocardium two cc of saline was injected in-
to the left ventricle. From the illustraticn it is evi-
dent that both signals are identical; therefore it can be
concluded that the transducer delineates the endocardium
and that muscle-thickness between epi-~ and endocardium

can be measured accurately.

Epstein et a12 have described the comparison of septal wall
thickness from biventricular angiocardiograms with values
found from echocardiograms and necropsy. Angiocardio-
graphic values proved tc be consistently lower than those
chtained by echo or necropsy, where good agreement was
found. It is unlikely from their data that methodclogic
differences will influence the results described in the
present study in a significant manner. Furthermore the
angiocardiographic methods are also fraught with difficul-
tiesB.
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INJECTION

Fig. 1:

A. M-mode echocardio—
gram made with a con-
ventional transducer
kept into direct con—
tact to the anterior
wall of the left ven—
tricle.

Two ecc of saline is
injecteﬁ into the LV
to visualize the en—
docardiun (see arrow).
The epicardium is
thdicated by the thick
itne at the top of the
Figure, whereas the
endocardium 18 followed

by the contrast.

B. M-mode echocardiogram made with an epieardial transducer sutured

Lo the anterior wall of the left ventricle.

Two ac of saline ie injected iInto the LV to visualize the endocar-

dium (see avrow). The epicardiwn is indicated by the thick line at the

top of the picture, wheregs the endocardium is followed by the

contrast,
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Since catheterization studies in ASH patients from this
study were only done when operation seemed indicated,
only limited data are available,

A validation study cculd be done in only one patient at
necropsy. Here again good agreement was seen.

In Chapter 4 the compensatcry mechanisms of the left ven-
tricle were digcussed. These can exist of increased wall
thickening or velocity of contraction cor in augmented

LV internal dimensions. To elucidate these machanisms
some further experimental studies were done. From an epi-
cardial transducer, changes in myocardial wall thickness
were contimiocusly recorded in the M-mode. After control
measurements, the coronary artery was temporarily
occluded. Analysis of recerdings with & computer assisted
digitizing tablet of the time course of wall thickness
changes, showed that the end-diastolic wall thickness de-
creases after a period of 30 sec. occlusion but in-
creases again after timely reperfision.

Systolic wall thickness increases to an even greater ex—
tent during reperfusion. (figure 2 - 4)

From this 1t appeared too, that the muscle of the left
ventricle can increase its maximal wall thickness without
a change in its end-diastolic dimension. Whether this
mechanism to the relates phenomena described in Chapter 4
remains to be proven, but it is evident that compensatory
changes in wall thickness of experimental origin are
reflected accurately in the echc signals.

Another critique may be directed at the specificity of
the method. Echocardiographically it can be difficult to
distinguish between genetic transmitted ASH and an abnor-
mal septal to posterijior wall ratio after, for instance,

a true posterior wall infarction. The prevalence of ab-
normal septal to posterior wall ratios was given in
Chapter 6. However no data could be given for these ratios

in patients with corcnary artery disease.
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Frg. 2 M-mode echocardiogroms made with an epileardial transducer divectly
sutured to the anterior wall of the left venivicle during a control period,
a period of 30 sec vcclusion of the descending hanch of the left coromary
artery and after 30 sec of reperfussion,

Aleo the LV prassure curve, Aovtic pressuve curve and LV dp/dt are registra—
ted. ne can obsevve that marimal wall thicknese decreases during occlusion
and ie shifted towarde diastole, whereas maximal wall thickness iz increased

and shifted backwards again towards systole during reperfussion.
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Fig. 3 A dagrammatic representa—
tion of the wall thickness changss
and its instant velocities during

a period of oeccluston shown at the
top of the figure. The bottom part
of the figure indicates the ultra—
sonte signal (epi- and endocardiuml
and the LV pressure, LV dp/dt and
do pressure. End-systole is defined
Just before the closwre of the
Aortir -~alve, whereas the beginning
of systole is indicated by the
start of the upstroke of the dp/dt
curve.

Fig. 4 Results of maximal wall
thickness (MAX) and its end-
diastolie (ED) wvalue during control,
30 sec occlusion and after 2 min
release. It ig shown that at 30 sec
oveclusion both ED and MAX decline
by a value of about 10% for ED and
30% For MAX compaved to control
values, whereas maximal ED in-—
creases by 10% and MAX by 17%

during release.



This is perhaps an important omission, because coronary
artery disease is such a frequent disease, that both
diseases must occasicnally coexist in the same individual.
Here further studies seem indicated.

Another element not adequately described is the origin of
the abnormal systolic anterior moticn (SAM) of the an-
terior mitral leaflet, formerly considered, and described,
to be a specific sign for ASH with obstruction. Since SAM
has now been recognized in hypercontractile states, such
as severe anemia, hyperthyreoidism, and after sudden de-
creases of afterleoad, for instance after aortic valve
replacement for severe aortic stenosis, it is doubtful
whether SAM is specific for ASH.

The possible interrelationship between the fixed and
dyvnamic variety of subaortic stenosis was discussed exten-
sively in Chapter 8. The tentative conclusion that there
are some indicaticns that ASH is developed during life,
rather than ¢f cengenital origin, must be analyzed further
before definite conclusions can be reached. The same
applies to the description of the two patients, who deve-
loped LV dilatation and congestive heart failure.

{Chapter 7).The cause of these observations remains un-—
clear, since there is no evidence to explain the loss of
contractile properties of LV muscle or the changes in
compliance that may have led to the dilatation. Again, it
is likely that longitudinal studies in the future will
ghcow more unexpected sequelae to the cbstructed phases of
ASH.

ASH is described as a marker that can be employed to de-
tect so—-called affected but asymptomatic family members
with the disease. Since 1975 all individuals with ASH are
followed in a systematic fashion. The results of this
follow-upare partly described in Chapter 6.
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The follow-up study itself can be faulted, because it is
possible that not all early forms of ASH were recognized
in the families studied. Microscopic changes must precede
the echocardiographic "visible" changes.

Furthermore since most families are of small size and
consisted less than five persons the prevalence of this
genetic discrder must be low. Also some patients may

have been missed whose echocardioccgrams were not of diag-
nostic guality. The data from Chapter 6 indicate further
that clinical signs and the electrocardiogram in young
perscns with a family history of cardiomyopathy have a
high sensitivity tc detect the abnormalities.

(table I-II; Chapter &)

In these instances the echocardiogram was of use only to
confirm the clinically suspected diagnosis.

Finally from the history taking into possible causes of
the disease no evidence has been found to suggest environ-
mental factors. Therefore a genetic origin, remaing a mest

attractive postulate.

9.5 Future perspectives

The purpose of this last section is to consider those
aspects of Asymmetric Septal Hypertrcophy in which in-
portant information is evolving, but about which con-
clusions remain elusive4. Current fashionable thinking is
that the basic pathclogic abnormality ©f the disease is &
mycfibrillar disalignmentz. A recent study of congenital
malformations in embryos and fetuses has indicated that
marked myccardial disarray may occur in certain congenital
lesions where abnormal systolic contraction such as in
aortic or pulmonic atresia and tetralogy of Fallot, pre-
vails. Furthermore, these authors conclude that asymmetric
septal hypertrophy and myocardial disarray may not be
pathognomonic of ASH.



Yet further detailed studies on muscle fiber disorders by
light- and electronmicroscopy must be related to other
genetically transmitted diseases which involve voluntary
muscle. Cardiac muscle studies should also be performed
in patients with tunnel subaortic stenosis and hyper-
trophic cardiomyopathy in order to determine whether such
abnormalities are indeed of acquired or of developmental
nature. Perhaps experimental studies in tissue cultures
may prove of help.

Cthers consider the evidence of a neural crest origin with
catecholamine abnormality in this disease4. The associa-
tion of systemic hypertension with pheochramocytoma and
circumstential evidence that ventricular hypertrophy can
be induced by excess catecholamines, leads to a hypo-
thesis that any increase in afterlcad or preload may re-
sult in increased protein synthesis via the release of
norepinephrine in the myocardium and via excess 3'-5'-
cyclic-AMP. In the present study abnormal catecholamine
secretion could not be detected but a direct relationship
between systemic hypertension and ASH was not seen.
Furthermore with the known prevalence of hypertension,
ASH should have been much more often observed.

What cother paths of investigation appear the most fruitful
for the direct future?

First of all a systematic follow-up of patients and their
relatives to determine the incidence of the disease and
its pattern of progression. Since this study has demon-
strated that echccardiography is a useful diagnostic tcol,
such a study should be extended. Next its wvalue shcould
continue to be compared to other methods, while the need
for standardization of examination techniques and of the
measurement 0f guantitative information is obvious.
Thirdly, serial examinations of patients by non-invasive
means to determine the long-term effect of therapy

essential.
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Since myotomy and myectomy have been shown to give geod
results in patients with cobstruction, it is recommended
for selected patients, while in others long-term treat-
ment with E—blockade or calciumantagonists may be in or-
der. Such studies most likely will show unexpected results
in the near future. In fact in the present study the
findings in the affected families came as unexpected.
Finally, one wonders whether further studies are re-
gquired to determine the incidence of ASH in the general
cardiac population. Surely, its prevalence in congenital
malformations and in coronary artery disease needs to he
investigated and criteria to classify this cardiomycpathy
should be expanded. A case in point is systolic anterior
moticn (SAM) of the anterior mitral leaflet, previously
described as pathognomonic and now considered as non-
specific as this finding has now been reported in patients
who have no other evidence of cardiomyopathy. Further com~
bined ultrascnic and hemodynamic studies in patients with
ASH with obstruction should elucidate the mechanism of

SAM as a secondary phenomencn. Such a study may perhaps

be done with ultrascnic contrast material injected into
the left atrium to follow the blocod stream across the mi-
tral valve. Real time cardiac imaging seems essential to
perform these studiesg.

Other features, such as abnormal thickening and increased
velocity of contraction may well be studied in the experi-

mental animal laboratory situation.
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CHAPTER 10

SUMMARY

In this thesis the results are presented of a study o-
ver several years, performed at the Thoraxcenter of the
Erasmus University Rotterdam on the echocardiographic
manifestations of Asymmetric Septal Hypertrophy (ASH)

by single and multielement ultrasound systems.

After the goals of the study are intrcoduced in Chapter 1
an extensive description of the echocardiographic exa-
mination both by single element and real time cardiac
imaging is given in Chapter 2. In Chapter 3 an over-
view of the litterature on the subject is given with
special emphasis on the characteristic echocardicgraphic
signs of ASH. These remain first of all a disproportio-
nate ventricular septal thickening compared to the free
wall of the left ventricle with a septal to posterior
wall ratic » 1.3, second in obstuctive cases, an abnor-
mal anterior motion of the antericr mitral leaflet du-
ring systole (SAM) and third a narrowed left ventricu-
lar outflow tract. Data given in Chapter 4 indicate

that septal thickening during systole is decreased,
whereas posterior wall dynamics are normal increased
The percent systolic thickening of the septum and pos-—
terior wall was determined, and defined as the increase
of wall thickness during systole compared to the initial
end-diastolic value, for 19 patients with ASH, 20 nor-
mal individuals, and 15 patients with coronary artery

disease and a significant obstruction of the anterior
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descending branch of the left coronary artery. Further-
more the posterior wall velocity, determined from systo-
lic thickening during ejection time and left ventricular
internal dimensions were calculated. The results show
that patients with ASH have decreased systolic septal
thickening (947 %) compared tc controls (4248 %), a
smaller left ventricular size at end-diastole (41+10mm)
versus normal (534£5mm) and increased posterior wall
thickening (7030 %} versus normal {52#9 %) and velocity
(1.7+0.5 sec_l; normal:1.2+0.2 sec_l). These results
are in contrast to the findings in patients-with coro-
nary artery disease who show also decreased systolic
septal thickening (15+12 %), but normal or low values
for posterior wall thickening (3348 %)-and an increased
Left ventricular internal dimension (63411 mm) at end-
diastole.

Systolic function of the LV appears maintained through
any or all of three different compensatory mechanisms:
1. increase of wall thickening of the posterior wall

2. increase of velocity of contraction of the posterior
wall and 3. increase of LV internal dimension.

In Chapter 5 the familial prevalence of ASH is described.
ASH was used as an anatomic marker of IHSS and studied
in 73 first degree relatives of 14 proven cases. Twenty-
seven of them showed echocardiographic signs of ASH.
Other clinical signs were absent to detect ASH in_ 4
asymptomatic family members. The results suggest an
autosomal dominant mode of transmission of ASH. These
data were extended further in Chapter 6 and compared to
the prevalence of ASH in the general cardiac population
and normals. In 33 families of 33 so-called Index cases,
35 relatives with ASH were found out of 116 first degree
relatives. Characteristic echocardiographic features in
the Indexcases and 35 relatives with ASH were: a septal
to posterior wall ratio 1.3 (by definition), decreased

systolic septal thickening and abnormal LV shape as
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observed from two-dimensicnal cardiac imaging. Prevalen-
ce of abnormal septal to posterior wall ratio), 1.3 in
the general cardiac population was 8 %, whereas family
history for the presence of cardiomyopathy was negative
in all of them. Chest X-ray, Electrocardiogram and phy-
sical examination when separately used were less sensi-
tive to diagnose ASH. Evidence of genetic transmission
by echocardiocgraphy was found in 19 of 33 families
studied. Analysis of pedigree charts of these families
showed transmission of ASH by an autosomal dominant
trait. It is concluded that the diagnosis of ASH can be
made by echocardiography when decreased systolic septal
thickening and an abnormal LV shape coexist. In border~
line cases an echocardiographic screening of the fami-
ly members should be carried out.

In Chapter7 unexpected findings of LV dilatation in two
patients with obstructive cardiomyopathy and severe
congestive heart failure were described 4 years after
myectomy., These findings were not reported earlier by
clinical methods. LV dilatation proved reversible in
both patients after conservative treatment for conges-
tive heart failure.

In Chapter 8 the echocardiographic signs of fixed sub-
aortic stenosis (FSAS) are given, a disease which is
difficult to differentiate by clinical methods and even
by hemodynamic and angiccardicgraphic techniques. Nine-
teen patients with FSAS of which 3 with discrete mem-
branous FS2S, 10 with collar or ridge like F3SAS and 6
with the tunnel form of the disease were studiéd. The
results show that no single echocardicgraphic feature
was diagnostic for FSAS, but that a narrow left ven-
tricular ocutflow tract (less than 20 mm at end-systole),
premature closure of the aortic valve cusps, the
presence of aortic regurgitation and concentric LV hy-
pertrophy with apical okliteration are all features

that can separately or simultaneocusly be present in
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FSAS. However echocardicgraphy allows to distinguish
between the sheort and long segment form of the disease,
especially when real time cardiac images are analyzed.
This differentiation is important for the hemodynamic
evaluation and surgical therapy. It is concluded that
diagnosis of FSAS can only be made when the described
features for FSAS are searched for.

In Chapter 9 the limitations due to physical properties
of ultrasound ,examination technigue, daily level of
performance and guality of the echocardiographic exa-
miner, all of which can influence the interpretation of
the data, are described. In the discussion it is shown
that in this laboratory these limitations have not in-
fluenced the data significantly. Furthermore some evi-
dence is provided of the reliability of the echocardio-
graphic signal during an experimental study in the open
chest pig, together with preliminary results of wall
thickness changes during and after occlusion of a coro-
nary artery. The last paragraph indicates what paths

of investigations the author considers to be carried
out in the future to solve some problems still exis-
ting in the understanding of this puzzling disease,

The final Chapter summarizes the data described in this

thesis.
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HOOFDSTUK 10

SAMENVATTING

In dit proefschrift worden de resultaten besproken van een
echocardiografische studie uitgevoerd op het Thorax-
centrum van de Erasmus Universiteit Rotterdam over
asymmetrische septum hypertrofie (ASH) met behulp van
enkele - en multi-element technieken, waarbij de studie
zich over enkele jaren heeft uitgestrekt.

Na de beschriijving van het doel van de studie in

Hoofdstuk 1, wordt de onderzoekstechniek m.b.v. enkel-

element en twee-dimensionele echocardicgrafie uitvoerig

beschreven in Hoofdstuk 2.

In Hoofdstuk 3 is een litteratuur-beschrijving, waarbii

speciale aandacht wordt gevestigd op de typische echo-

cardicgrafische tekenen van ASH.

Deze tekenen zijn:

1. een abnormale verdikking van het interventriculaire
gseptum t.o.v. de vrije wand van de linker ventrikel met
een verhouding tussen septum en achterwand 1.3,

2. in gevallen met ¢cbstructie een abnormale beweging van
de voorste mitralisslip naar voren toe gedurende
systole (SAM) en

3. een nauw uitstroomgebied van de linker kamer.

De gegevens uit Hoofdstuk 4 tonen aan dat de systolische

septum verdikking is afgenomen, terwijl de systolische

verdikking van de achterwand normaal is cof zelfs toege-

nomen.
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De procentuele verdikking van septum en achterwand, ge-
definieerd als de toename van de dimensie tijdens systole
t.0.v. de initiele einddiastolische waarde, werd bepaald
in 19 patienten met ASH, 20 normalen en 15 patienten
met coronairsclerose en een significante cbstructie
van de arteria coronaria sinistra anterior.
Verder werden de contractie-snelheid (verdikking geduren-
de ejectie-tijd) en de linker ventrikel dimensies uitge-
rekend. De resultaten tonen aan dat patienten met ASH een
afname hebben van de systolische septum verdikking
(2 + 7%; N: 42 + 8%), een kleine linker ventrikel (LV)
diameter (41 + 10 mm; N: 53 + 5 mm) in einddiastole en
een toename van de verdikking van de achterwand (70 + 30%;
N: 52 + 9%) en contractie—snelheid (1.7 + 0.5 sec:z
N: 1.2 + 0.2 sec.). De resultaten zijn in tegenstelling
met de bevindingen in patienten met coronaire hartziekte
die ook een verminderde septum verdikking hebben (15 +
12%), maar normale cof zelfs lage waarden voor de achter-
wand verdikking (33 + 8%) en een tcename van de LV-
dimensie {62 + 11 mm) in einddiastole.
De systolische functie van de LV wordt gehandhaafd door
elk of alledrie de verschillende compensatie mechanismen:
1. toename van de systolische verdikking van de achter-
wand,
2. toename van de contractie-sgsnelheid van de achterwand en
3. toename wvan de LV binnen diameter.
In Hoofdstuk 5 wordt het familiair voorkomen van ASH
beschreven. ASH werd gebruikt als een typisch anatomisch
teken van IHSS en bestudeerd in 73 eerste graads familie-
leden van 14 bewezen gevallen met ITHSS (idiopathic
hypertrophic subaortic stenosis). Zeven en twintig toon-
den echocardiografische tekenen van ASH. Andere klinische
tekenen waren afwezig om ASH te diagnostiseren in 4

asymptomatische familie-leden,
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Deze resultaten werden verder uitgebreid in Hoofdstuk 6
en vergeleken met het voorkomen van ASH in de algemene
populatie met hartziekten en normalen. In 33 families

van 33 zogenaamde Index gevallen werden 35 familie-leden
met ASH gevonden uit 116 eerste graads familie-leden.
Karakteristieke echocardiografische bevindingen waren:
een abnormale verhcuding tussen septum en achterwand

% 1.3 (per definitie), verminderde systolische septum-
verdikking en een abnormale vorm van de LV, aangetoond
met twee~dimensionale apparatuur.

Vocrkomen wan een abnormale verhouding tussen septam en
achterwand van)» 1.3 in de populatie met hartziekten was
8%, terwijl de familie-anamnese voor het voorkomen van
hartgpierziekten in allen niet afwijkend was.

De Thoraxfote, het ECG en het fysisch onderzoek waren,
afzonderlijk gebruikt, minder gevoelig om ASH te diag-
nostiseren.

Aanwijzingen voor erfelijke transmissie van ASH werd ge-
vonden in 19 van de 33 families.

Analyse van de stambomen van deze families toonden een
erfelijkheidspatroon dat overeenkwam met een auto-

somaal dominant overgebrachte eigenschap.

De conclusie luidt dat ASH echocardiografisch kan worden
gediagnostiseerd als er ook sen afname van de systolische
septum verdikking en abnormale LV-vorm bestaan.

In grensgevallen wordt geadviseerd een echocardiografische
screening van de familie te doen.

In Hoofdstuk 7 worden onverwachte bevindingen beschreven
van LV-dilatatie in 2 patienten met obstructieve cardio-
myopathie en decompensatio cordis, 4 jaar na een operatie
voor deze ziekte (myectcmie).

Deze bevindingen zijn tot nu toe niet beschreven geduren~
de het leven.

De Lv-~dilatatie bleek reversibel na conservatieve thera-

pie.
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In Hoofdstuk 8 staan de echocardiografische tekenen wvan
gefixeerde subacrta stencse (FSAS), een afwijking die
differentiaal diagnostisch moeilijk is te maken m.b.v.
kiinisch onderzoek en zelfs neg gemist kan worden met
hemodynamisch en angiccardiografisch onderzoek. Hegentien
patienten met FSAS: 3 met de membraneuze (LVOT) vorm,

10 met een kraag in het LV uitstroomgebied en & met het
tunneltype werden bestudeerd. De resultaten tonen aan

dat er geen solitair echocardiografisch teken is dat
typisch is wvoor ASH, maar dat een nauwe LVOT (minder dan
20 mm in eindsystole), premature sluiting van de aorta-
klep, acrta-insufficiZntie en concentrische LV-hypertro=-
fie met cobliteratie van de apex allemaal tekenen zijn die
afzonderlijk of tezamen aanwezig kunnen zijn in FSAS.
Bovendien kan echocardiocgrafie differentieren tussen de
vorm van FSAS met een korte vernauwing van de LVOT en de
tunnel vorm; vooral is dit duidelijk op het twee-dimen-
sionele beeld.

Deze differentiatie is van belang vocr de hemodynamische
evaluatie en eventuele chirurgische therapie.

De ceonclusie is dat FSAS diagnose mogelijk is als naar
alle tekenen voor de ziekte die beschreven werden ge-—
zocht wordt.

In Heofdstuk ¢ worden de beperkingen beschreven t.g.v. de
fysische eigenschappen van ultrageluid, de dagelijkse
kwaliteit van onderzcek en het vakmanschap van de echo-
cardiografist; al deze facteoren kunnen de interpretatie
van de resultaten hebben beInvloed.

Verder wordt er bewil]s aangevoerd voor de betrouwbaarheid
van het ultrageluidssignaal tijdens een studie in het
dierenexperiment, tezamen met nog niet geplubiceerde
resultaten over wanddikte-veranderingen tijdens coronair-

occlusie in varkens.
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De laatste paragraaf geeft de mening van de auteur aan
over welk onderzoek in de toekomst nog moet gebeuren om
enkele problemen die nog bestaan omtrent deze interessan-
te ziekte, op te lossen,.

Tenslotte volgt een laatste hoofdstuk waarin de resultaten

van dit preoefschrift worden samengevat.
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