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Summary

Electrocardiogram, phonocardiogram, echocardiogram and two-dimensional echocardiogram were
obtained in 17 cases with giant T wave inversion without documented cause (Group I). The deeply
inverted T wave was more than 1.2 mV (average was 1.79 mV) in the left precordial leads. ~All the cases
had electrocardiographic left ventricular hypertrophy of obscure origin and ischemic episode was ab-
sent or the coronary arteriography was normal. Phonocardiogram revealed the loud fourth heart sound
and apex cardiogram showed sustained pulse with a giant A wave. Conventional echo beam direction
to measure the short axis of the left ventricle disclosed almost normal thickness of both the interven-
tricular septum (IVS) and the posterior wall (PW) in 10 cases and slight hypertrophy in the remainder
cases. The wall movement was normal or hyperkinetic in all cases. Thus the report of such cases is.
frequently documented as within normal limits. However, two-dimensional echocardiogram disclosed
the fairly localized hypertrophy near the left ventricular apex in all cases, and the conventional echo--
cardiogram also revealed the same area of either IVS or PW, or both, below the insertion of the papil-
lary muscle, whenever the scanning toward the apex was performed (asymmetrical apical hypertrophy =
AAH).

Control study was performed in 17 cases of hypertrophic cardiomyopathy with or without obstruc-
tion (Group II), 16 cases of pure aortic stenosis or hypertention (Group III) and 15 normal cases (Group
IV).

Group 1I showed asymmetrical septal hypertrophy (ASH) with almost equally hypertrophied IVS
from base to apex. All cases had inverted T wave, but it was of lesser degree (average was 0.68 mV).
Four cases had relatively deep T waves compatible with those of AAH, and 3 of these also had apical
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hypertrophy of considerable degree (intermediate type between AAH and ASH).
Group III showed symmetrical hypertrophy (SH) from base to apex and the inverted T wave was

averaged 0.45 mV.

The close relationship between the depth of the inverted T waves and the grade of apical hyper-
trophy suggests that the altered recovery process of the hypertrophied apical musculature may be re-
sponsible for the giant T wave inversion of heretofore unsolved origin. Until the connective link of
AAH to the other forms of hypertrophic cardiomyopathy is disclosed, the cases with such a T wave
and apical hypertrophy may be designated as asymmetrical apical hypertrophy (AAH).
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metrical apical hypertrophy: AAH) »£&-5iF
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Fig. 1. Demonstration of 3 main directions of echocardiographic measurement of the ven-
tricular wall thickness.

Two-dimensional echocardiogram of end-diastolic phase is depicted to clarify the beam direction
(20 year-old normal subject).

The echo beam directions are; B: base direction observing both anterior and posterior mitral leaflets
(AML and PML), M: mid portion obtaining conventional short axis, and A: apex direction below the
insertion of posterior papillary muscle. The wall thickness is measured in these 3 directions on the
M-mode scan echocardiogram. RV: right ventricle, IVS: interventricular septum, LA: left atrium,
LV: left ventricle, PW: posterior wall of the left ventricle.
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o, HHBEFEAEEKE 225 MHz, b7
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7c. F0&kiX strip chart iz & 3 &I TITo 2.
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end-systolic dimension: LVDs) & X ‘&=
EAHRHIE (left ventricular end-diastolic dimen-
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WRAES 38 L BRI QE Dih % Y OBETRIE L
7c. DZEWR (interventricular septum: IVS)
B L U EEH%EE (left ventricular posterior wall :
PW) niRigiX, ZhZh EZERE &L eir
I3 1 B B RIRIE TRIE L. EHEZEMEERE
#E (mean velocity of circumferential fiber
shortening : mean Vcf) {3 Fortuin & n3® iz
IVEELE. 2o & vEHEER (ET) EEMR
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DEPRE (IVS) 8 X v E=%EE (PW) 284 0
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EF—F 2% 5 V&V, RO 3IFMERD THIE
L7z (Fig. 1). b b FREIERATR, Bl
BwohshmE (Direction 1: LEH), Kic
Bz v LR O—E 2 A 5 h 5 5 (Direction
2: DHFRE), BBERKELELIYVDELRTHTH
SRA TE L b 3 kER S (Direction 3: .0
KRER) iIcTREHZ L, OEM QEOME Y ORFMET
HELKE. 28 IVS 0ESZAEABIVCES
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Polygraph, #8%& % k% 2.25 MHz, 5% 13 mm
o focused transducer (10 cm) o .0 [FEIHIEILEE
T, KEIRAY O.LKREH R E CRRICKRIETE S
DREAMIZT, LEN QEOEEY T 35mm
TANAIREE L. $h—BiEATHEVET
EERWERE (EUB-10) 2 AL, LREHR
72 b ONTLEEER 2 BODREH AT W 7z 5 &S
M OBER % AV THRE L.
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1. AAH BEOBEKERS L U—EREMR

HEERICOW TR, FHERCBEC-HHESLEY)
nERDL0 76, ME 2RDL0 14T,
finix NYHA I EEGdbh o e, MEXREE O BME
PRLEIBIZBRL L TRT ERHHE Cho1m.
2flRFEgET, DRI 65/4 Thote. O
MaZBEL i3 51% <, ¥z 50% LLEoRE
DERR AR bR, MIEELFERE I, B
BriaLy, L{CBREZ2RDRI- 12

2. LERPMHR

1) ZHRFEHEL2FELERBIUOR Y b
LEX (Table 1)

Btk T ¥ : AAH oM TEo K & i
—18+042 mV (EH+EHRFZE, TR Tb
v, —F5 ASH #<ix 068+0.33mV, SH #©
iX 045+0.19mV it -7-. ASH gEoHizix
1mV P EoatE THEERLicb 02344 (Case
24,25,26,34) B ohizds, Z® 5 b0 34 (Case
24,25,26) i3, R+ 5L, Lza—FFR
2 AAH B e ASH BoPRfEFTRERT b
DTHol.

Q-Tc B:f5: AAH 8, ASH #Tcizzh®h
048+0.02 7, 047+0.03%7T, L LICIEELT
Wwic. SHETHLFEHOM P LERET L T2,
ZOBREIBRETH .

BEMZ: Svi+Rvs 3 AAH # 7 69+19mm,
ASH # 59+19mm, SH # 58+16 mm &,
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Fig. 2. An example of electrocardiogram and vectorcardiogram in Group I (AAH) (Case
2, 50 year-old male).

The negativity of T in Vyis —2.0 mV (left). Frank system scalar electrocardiogram (upper right)
is for the measurement of ventricular gradient. Frank system vectorcardiogram (lower right) shows
the rightward deviation of T loop in the frontal and horizontal planes.

THOLEEFHCEXTHEZ R L. BEIKEL, HOEELRIFH, 2V EPR
Ry MALER: AAH ik i3 3~7 b b EHicfE o TV is.
ERE, Fig2 icm+ oL, RELEE2HT 2) LEROERHEE (Fig. 3)
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Fig. 3. Serial electrocardiograms in the follow-up study.

Left (Case 2): In 4 consecutive stages, the height of R wave was 2.5, 3.2, 4.6 and 4.6 mV, respec-
tively, whereas that of T wave is —0.4, —0.6, —1.6 and —2.0 mV, respectively. Progressive change
in the T wave is much more marked than that of R wave.

Right (Case 1): Throughout the 3 stages, no change in the height of R wave was observed (3.6 mV in
all), whereas the negativity of T wave progressively increased (—0.7, —1.2 and —1.8 mV, respectively).

¥}E v Ui 308 o EEpEig i, AAH 4) Ventricular gradient (Fig. 5)
BHoeplicw Tl ikBlbZa Ao Tk, AAH gt 17 fflth 5 #] o> ventricular gradient
L L, BEROBRRNBELZ 2 LOTE FRELY, £0FHiz X=—455pVsec
3T, M RECHEEL L bIRETED (—232~—80pVsec), Y=14.5pVsec (—1.3~
BWRLTLEM, 2o REoEE2EbLFIZT 40 pVsec), Z=1.7 pVsec (—16~25 pVsec) T
P12 3 BEFHITEL B2 TV L 08RO bhiz. o fc. REREENS L OKFE#IC R VT, 24,

3) Treadmill &% = b FREEFEHBENTHY, LeK-oTZoEKRER
AAH BTiESHARNPR I UAREICBCVT, HTEZEL LT—%kiE TELTHB LER

EnEEb¥sd ST-T EFREVTFhoF b i bhic®.

BT, ERPERER X OCRBIROHEL A 3. LER, OREFR

bhirdrof. RBEXEMH T BiLESRCP AAH #<ix IV FRLER ELFICED bh,

BL BBHEMICH -1 (Fig. 4). 55 11 GlaEERFIER K& R IVETH o . 0>
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Fig. 4. An example of treadmill stress test (Case 2).

Heart rate changed from 58 to 115 per min, but no ST change was observed, T wave became slightly

less inverted.

£t Levine I°~II° 033\ INELIHE %+ 6 4]
IZRBDTZDHZRTH -z, DERTRLLHEIKIC
EWR AR LHRBEERAS 2 EY, EZEX
Blam L, HHIRE, SREARKEICERFET~
AR A7 (Fig. 6). ASH #<{ IVEFix
2flic A 6 h (13 PUIBERFTRE), [LoRIABIE b
CroieESBRERBER L, IUEHESTS1
FlzkEeplicEvoh, 9 b BRI ~IV®
DRSEDHET # IR Uc. % EHBIRE I I
Bl (spike and dome) %3 7z. SH #
TROLEFEE IV F% 16 Fith 13 Flic B 7228,
BERTEDR2HDHTH -1, LTI AS
T MI~V° oIiE#gET #Eo ey, HT <
I° YUFOF/LDTH oIz

4. LT a—-K, LEEERR

1) —f&#r#E (Table 1)

a) fEiE#ETLo DDR i3 AAH BT 92+
31mm/sec ¢, XD 108+24 mm/sec kY
BFRRECEFERLEY, FEEREDLAR
hoiz. ASH g, SH EEoffixzzhFh 47+
21 mm/sec, 60+28 mm/sec T& LITETFTE2FRL
7z

b) AAH g <o LVDd 33 48+6 mm T,
SH BBIUVERHLOBICEEE 3 olk.
LU ASH LT3 L RTHo 2.

¢) LVDs i3 AAH BTl 24+5mm T5 D,
EEHD28+6mm &k VKW ERAZRLESEE
ExHaobhd, £/ AAH #:L ASH #Br O
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Fig. 5. Ventricular gradient.
See text. Shaded area: normal range. Five dots are obtained from Case 1, 2, 4, 5 and 6, re-

spectively.
SH #oMic b FEERA R o7z, hihote. LALAAHBE I SHESLIOC
d) DLEFROFSESIRE T AAHETL - BICHARTEZICEA LT V2.
EbkEL, ¥ 110426 mm T v, ASH &, f) mean Vef 13 AAH # 2% 1.78+0.26 circ/
B L OCHEE L oz p<0.01, SHE# L offlic p< sec THEHGEIFL-L b RTHY, SH i
0001 nHEZLEDI=. EFHCHEXTHECHMBEL R LS, ASH B
e) LEHEEOESHIRIE AAH B¢, ASH ¢ (1.64+0.34 circ/sec) & DREICIIHELZRZ A DN
TikEh Fh 150+£22mm, 141420 mm L, Motz
LLIRHEEERL TN, MRCHEZERAZS g) KBRS, KBRS, EBEEE AAH BT
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Fig. 6. Phonocardiogram, carotid pulse tracing and apex cardiogram in Group I (AAH)
(Case 4, 37 year-old male).

The fourth heart sound is clearly noticed and apical ejection systolic murmur with the intensity of
Levine II/VI is recorded. Carotid pulse tracing is normal. Apexcardiogram shows a sustained pat-
tern with a prominent A wave. Contrary to idiopathic hypertrophic subaortic stenosis (ASH), the
splitting of the second heart sound is observed.
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Table 2. Three directions and the wall thickness ratio

Interventricular septum (IVS)

Posterior wall (PW)

Case No. Thickness (mm) Ratio Thickness (mm) Ratio
Base Mid Apex Apex/B-M Base Mid Apex Apex/B-M
Group I. Giant T wave inversion (AAH)
1 9 10 20 2.1 12 12 26 2.2
2 11 11 22 2.0 12 12 30 2.5
3 1 12 18 1.6 11 10 28 2.7
4 12 12 26 2.2 11 10 28 2.7
5 12 12 24 2.0 12 11 18 1.6
6 16 14 26 1.7 16 15 34 2.2
7 14 14 — — 12 12 — —
8 12 12 28 2.3 10 10 24 2.4
9 9 10 — 12 12 — —
10 10 10 20 2.0 11 11 30 2.7
1 14 14 20 1.4 12 12 30 2.5
12 12 14 22 1.7 10 12 18 1.6
13 14 12 24 1.8 10 10 30 3.0
14 13 14 18 1.3 10 11 20 1.9
15 11 12 — — 1 11 — —
16 11 11 18 1.4 14 14 30 1.8
17 15 15 22 1.6 12 14 20 1.5
average 12.1+2.0 12.3+1.6 21.3+2.9 1.8+0.31 11.6+1.5 11.7+1.1 26.1+5.2 2.2+0.48
+SD
Group II. HCM (ASH)
average 19.2+3.5 17.0+3.0 19.8+4.4 1.1+£0.28 12.3+2.2 14.1+2.8 22.0+5.3 1.7+0.36
+SD
Group III. AS or HT (SH)
avega[g)e 16.6+1.9 16.7+1.8 17.0+2.5 1.0£0.14 15.7+1.8 16.6+1.9 17.9+2.2 1.1+0.1
+
Group IV. normal
average 9.3+1.8 9.1+1.7 9.3+1.8 1.0£0.3 9.7+1.2 9.7+1.3 11.3+0.2 1.1+0.2
+SD

Apex/B-M: the ratio of the apical thickness to the mean wall thickness of the base (B) and the mid

portion (M) of the left ventricle [1/2 (B+M)].

EETholc. —F ASH B i3 (BiERINEERIRT
FEE DK LIz 12 fidhesiz, KENRFO IR
EPEEASE R A O A T,

2) DMFDEE (Table 2)

Dra—Rizk 3880 IVS 83X 0 PW of|
Eftix Table 2 iZRT L THB.

a) AAH#Eo IVS 85X PW oE X : AAH
Bz IVS oExiz, LESHTR 121+
20 mm, iz 12.3+11.6 mm, LR TIE
213£29mm THY, %z PW 0FE & 3O08E

T 11.6+1.5mm, i 117411 mm, {4
BT 261+52mm Thotz. Li=doT IVS
b PW b, LI DERS X ORI T
DREHHCEAREEZRL T, =713
Bl (Case 7,8,15) Tk, DREFH I LIFER T
S5 IVS BLUPW 0o BE#ED 4, O
Ta—-RCREELZEEOHRITE Aol

b) AAH g io3& Lo IVS oEsnl
#: IVS o.LESR L othRBoE sk, AAH
BT, EEBOZAREKRTAEREALTY
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Fig. 7. Echocardiograms obtained from 3 direc-
tions demonstrated in Fig. 1 (Case 1 in Group I
(AAH), 33 year-old male).

Position B (panel A) and M (panel B) show almost
normal thickness of the wall, but position A (pane C)
shows the markedly thickened wall and the narrowing
of the ventricular cavity. Time lines: 0.05 sec. Paper
speed: 50 mm per sec.
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7o (p<0.001), ASH g SHEtL <3 LA
EhriEEx R Lk (p<0.001). AAH o,
Thb2OoDEALIZIIT BE & NIERFHE 82
B0 17HH6Flic + &k h o7 IVS oL
RIPFEOES1E, AAH BECREERICH~RT
ZO2fEU EicbET 5 EEERL, /- SHE
CHERTLHFERICKTH 7. Zhizkt LT ASH

DIRERAEA B, AE DB R

BOZThLIBEER b1z, —F, LREL
LDEBUOES o ®H 5 L, AAH BTix, E
EHILbSA, SHES ASHEH I VEEICK
EVWEEZRLE.

c) AAH g riho 38 Ln PW DEsSoOR
#: PW o LERB L UHhREBOESI1Z, AAH
HCREFHCHBLTHEERKTH-22, F

Fig. 8. Two-dimensional echocardiograms of the left ventricle in Group I (AAH) (Case 11,

51 year-old male).

Upper two-dimensional echogram is taken along the long axis of the left ventricle and obtained
at the end of diastole. There is marked thickening toward the apex, resulting in the narrowing of
the ventricular cavity. Lower two-dimensional echogram is taken along the short axis at the level
below the papillary muscle. Marked thickening of the apical portion is seen.
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Fig. 9. M-mode (sector) scan demonstrating the changes in the wall thickness and cavity

of the left ventricle.

A: Normal subject. Left ventricular cavity gradually becomes narrow towards the apex, but

the wall thickness remains unchanged.

B: Asymmetrical apical hypertrophy (AAH).

Case 3. Normal echogram is obtained at the base

and mid positions, but there is marked thickening of PW near the apex, resulting in the narrowing

of the ventricular cavity.

C: Asymmetrical septal hypertrophy (ASH).

Case 18. IVS is most conspicuously thickend at

the base, but also at the apex. PW shows thickening of mid and apex portions. SAM is typical.
D: Symmetrical hypertrophy (SH). Case 48 in Group III. Both IVS and PW are thickend

symmetrically from the base to the apex.

HHGEHE B30 17Hh3flicT Exdro
7. Zhizg LT, AAH BEoLLHoE S IZE
BHOZAICHERTEARIBEZRLTEY, 2
FICEEE® X3z LE2EZ R L. AAH
L ASH B l#i 3 L, LDEBOESIZOW
TRHEHEMICAEREERI A » o, PRI T
AAH BMXEEI/NTHY, DRBTRYBIZKT
Hot. AAH @2 SH #olscix, AAH &
BOLERE PREBTIFRICITHY, DRET
EWIZKTH -7z, DREEOLESROE S DI,
AAH iz ASH #<= SH #ficlb LTHEEITK
ThHolz.

3) DFFRE D5

AAH EolBRESSAhix Fig. 7 i bh
528 <, DERB IUHRREICHS, DRES
FIZBCT, IVS B8LU PW L3 ELREL,

WNEEEPOMEL, BEOBIE b/hE k> T /.

DREFMOLBERTL, L= a—F &R
DREBF MICER R BES X CRNEORMEE R
Wi, & bICEEEE R OKFEER T b RO
Ry@BE L (Fig. 8). i LERLREF RO
JEEORESEEIEFICIYVELATHY, IVS
DIE 5 3 PW it kR TEWESR, Hic PW o
OB IVS CHRTECWHEREND -1k

ASH#TixIVS @bER 2 5L RBH % T
BIIEEZR LTV, PW LS S i
BTIBEEE, DAFHFRTE IVS LRLL

EHRICIEE LT, La L T 1.0mV
P E#2 L7 ASH £ 4 4 3 5] (Case 24,25,
26) TiE, DEEH» SLFRBIZBFTOIVS
JEE i HBAIREE T b - 1245, DR H M TIRE
HAZEE*2 L, AAH #icEplL<viz. SH
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Fig. 10. Two-dimensional echocardiograms demonstrating the changes in wall thickness
and cavity of the left ventricle.

Same patients as in Fig. 9.

Two-dimensional echocardiograms are taken along the long axis of the left ventricle and obtained
at the end of diastole. A: Normal, B: AAH, C: ASH, and D: SH.
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Fig. 9 3E&#®, AAH #, ASH g tv
SH #, % 1 Blo.0LdeEsrm b & KBRS M~ 0
ME—FRFx 273 EFEECRLRES
B THEIZRRB/IME L Ty 3 23, BEEIL.LES
PHLREEFRE TIRERIL T, BEoghx b —1i%
TdH o1 (Fig. 9A). AAH BCROLESBLIO

CNIREBRER B L5 E DB ER

DHRRBCIIEORE A SR, BB
BREFTHZH, LRIBHM TIIEREDCE LVIE
ELAEOP/MEBHZ bR, BEoBsadbhln
- T\ 7= (Fig. 9B). ASH # ¢ o Hgic iz
DOLREHRE CERALIBESZ LN SN, #%
BETRLRBEFRTOLEESED bhi- (Fig.
9C). SH gtosEplcix IVS, PW & 454 8tic
JRE A% 5 h - (Fig. 9D).

Fig. 10 i3 Fig. 9 R—EHIoERSICE

Interventricular Septum
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Fig. 11. The Apex/B-M wall thickness ratio plotted against the depth of the inverted T

wave.

Apex/B-M: the ratio of the apical thickness to the mean wall thickness of the base and the mid

portion of the left ventricle.
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EXEtTRRIEREEYsZOABZFHRATHY,
FORKEL LTIX, BHIERZLSIEADD
OHRBWESHNTVERY, ZEroRALELE
WhoREEIZABNS. FFFEICKITS AAH
BoEKRRETHEEZ, 2hooREICEs b0
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