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Summary

The clinical and pathophysiological significance of apical sequestration, in which an apical cavity
was sequestered from the remainder of the left ventricle by cavity obliteration was investigated in
patients with hypertrophic cardiomyopathy (HCM). Among 196 consecutive patients, 24 with apical
sequestration and 70 control subjects proven to have no sequestration with left ventriculography were
selected for this study using echocardiography combined with Doppler color flow imaging. Various
cardiac disorders occurred significantly more frequently in patients with apical sequestration than in
the 70 controls: NYHA>II, 839, vs 51%,; thromboembolism, 17%, vs 39,; ventricular tachycardia,
47%, vs 119%,; and apical asynergy, 759, vs 4%,.

Continuous Doppler ultrasound revealed that all 24 patients with sequestration had a high systolic
blood flow velocity across the obliterated cavity (2.74+0.9 m/s). During isovolumic relaxation or early
diastolic filling or both, 21 of them had paradoxical jet flow directed toward the basal cavity away
from the apex, with the peak flow velocity ranging from 1.0 m/s to 3.5 m/s (mean 1.9+0.7). The
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maximal diastolic pressure gradient across the obliterated cavity ranged between 4 mmHg and
49 mmHg using the simple Bernoulli’s equation, which suggested a significantly higher pressure in the
sequestered apical chamber during early diastole.

Patients with sequestration were classified into 2 groups; 17 with (group A) and 7 without (group
B) apical hypertrophy. The time interval from the closing of the aortic valve to the onset of filling into
the sequestered cavity was longer in group A than in group B (401+191 vs 131+145 ms, p<0.01) as
assessed by the pulsed Doppler technique. Angiographic asynergy of the apex was more frequent in
group A than in group B (100 vs 299, p<0.01). In group B, the midventricular cavity was incom-
pletely obliterated throughout the cardiac cycle; whereas, in group A, it was obliterated completely in
systole and partially in diastole.

Apical sequestration is not uncommon in HCM; it is accompanied by abnormal segmental wall
motion, which may be related to ventricular arrhythmias and thromboembolism. Prolonged cavity
obliteration with a higher systolic apical pressure and a persistent diastolic intraventricular gradient
may play a pathogenic role in apical aneurysmal formation in the absence of fixed coronary artery dis-
ease, particularly in patients with apical hypertrophy.
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Fig. 1. Detection of cavity obliteration and apical sequestration using two-dimensional
echocardiography.

Cavity obliteration is shown by left ventricular short-axis views at the papillary muscle level (left).
A sequestered apical cavity (arrow) is shown by apical long-axis views (right).
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Fig. 2. Detection of apical sequestration using color Doppler echocardiography and mea-
surements of peak flow velocities across the obliterated cavity by continuous Doppler echo-
cardiography.

Two-dimensional and M-mode color flow images (upper) from the apical window reveal para-
doxical flow originating from a sequestered apical cavity during the early diastolic filling phase. By
continuous Doppler echocardiogram (lower), systolic and early diastolic high-velocity jets are recorded.
Late systolic attenuation of the flow signal occurred due to cavity obliteration.

IVS=interventricular septum; PM=papillary muscle; LA=left atrium; PF=paradoxical flow;
RF =transmitral rapid filling flow; S2=the second heart sound; PFVs and PFVd=peak flow veloci-
ties across the obliterated cavity during systole and diastole.
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Fig. 3. Measurement of the time interval from the aortic closing component of the second
heart sound to the onset of diastolic filling into the sequestered apical cavity (Ila-apical fill-

ing time) using pulsed Doppler echocardiography.

Sampling was performed on the apical side of obliteration under the guidance of color flow imaging.
Note the delayed onset of the diastolic filling flow toward the apex occurring after paradoxical flow
(PF) away from the apex. II-AF =IIa-apical filling time.
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Table 1. Comparison of clinical and laboratory
findings between patients with and
without apical sequestration

With Without
apical apical
sequestration sequestration
Patients (No) 24 70
- Age (yrs) 58+14 51+11
Female (%) 7 (29) 16 (23)
Functional limitation 20 (83) 36 (51)**
(NYHA>II)
Angina 9 (38) 16 (23)
Episodes of thrombosis 4 (17) 2 (3)*
Electrocardiography
SV,+RV; (mV) 5.4+1.5 4.7+1.8
T wave inversion 10 (42) 30 (43)
>1.0 mV
Precordial ST eleva- 6 (25) 2 (3)**
tion
Atrial fibrillation 3 (13) 3(4
Holter monitoring (24 hrs)
Non-sustained VT 8/17 (47) 8 (11)**
Two-dimensional echo-
cardiography
Asymmetric septal 14 (58) 44 (63)
hypertrophy
Apical hypertrophy 10 (42) 19 (27)
without ASH
Midcavitary oblit- 24 (100) 10 (14)**
eration
M-mode measurements
(chordal level)
Septal thickness (mm) 15+5 18+5
Posterior wall thick- 11+1 11+2
ness (mm)
Diastolic dimension 46+5 46+6
(mm)
Fractional shortening 44+6 40+9
(%) ‘
Doppler echocardiography
Outflow obstruction 1(4) 8 (11)
Systolic PFV >2.5m/s 16 (67) 11 (16)**
Diastolic paradoxical 21 (88) 0 ( 0)**
flow
IRT (ms) 12122 112+ 18*
Left ventriculography
Asynergy of the apical 15/20 (75) 3 (4)+*
segment
Ejection fraction (%) 76+8 71+13
LV end-diastolic pressure 1945 17+5
(mmHg)

*, *¥* p<0.05 and p<0.01 vs patients without se-
questration. ( )=9%.

ASH=asymmetric septal hypertrophy; LV=Ileft
ventricle ; HCM =hypertrophic cardiomyopathy ; IRT
‘=isovolumic relaxation time; NYHA=New York
Heart Association ; PFVs=intracavitary systolic peak
flow velocity ; VT =ventricular tachycardia.

- 72 20 i T3 £FIH BT RS R S h,  BE
70 5T ixER L L AMERTR 2 380 R o 72

1. gsEkmRE (Table 1)

SYRER RV O FRERET R 2 5 BB L il 5
&, G, MERicZE R b o 7228, NYHA g
BABIBHEEL L VEETh /2. HEERI
REHFEO MR OEE IFBHICEN R, AMLE
BEOREVR DN IER X R 2o . MBRER
EOBEE, B TR OEMBYE TS 24
BRYDHIZED DIzt L, BT 4 4]
(7%) 2B, L2 LIERIZI VT bL2FIiRF
BThotz. Z0H B 3 FITPRARRIER H 2L
L, BREEEHEE CT B X v HERENE
bh, o lfliz—BEORFFETH k. OB
RIFT R ¢ ixpiER cENRIREBHEEo ST L&
(28I E), 24p5f Holter HERIC L3 38
U LD LEFBRHRBERICE o 72

2. HELTIO-K, Fyr/S—DTa—F, £55
g8 (Table 1)

Wifg.L— = —FT R ¢ix ASH, %» 3wz ASH
B DR WLR IR KB OSEEE I3 TR T2
BRI, BB CREZLT G L LR
FE25R<, 2 CIEHIcNBNEEEBZ Do
ML, BYEBTI 4% iclkE o7, M £— K
Ta—-REC L 3BFELRLOBEE, ARE XU
NEREBRICIES R ok, SBI Ky 75—
ECRERMEE 2.5 m/s P EoEENEREY 7
FANB6T% TR & h, BHERCHLE o1k,
R OB TRL Y, BEBHTRIAESER
HBE D ETH o fe DIzt U, BRI ILEG
UTOLRBAITH - 7o, & A HERIIEH4
HTIVERLTWe AEEEEHR CREHR
ICIIER 2D o 728, BB IR ESES 2
HEBBIZED .

3. BEE#R, EEHEDH, EETAMAHEDS
& (Table 2)

SHEERRBHR 24 FlIC B W THBLT 2 — X
BiR, EEERHR, REWLEERO 3FTRO
BEZ RN L, DRBIEROEEIC X Y EEN

— 366 —



FERBLUHIE D DR EIREE

Table. 2. Distribution of hypertrophy, left ventricular wall motion and intraventricular
flow conditions in patients with apical sequestration

Age I;Irzrpzelgtr:&}:g' Left ventriculography Doppler echocardiography

Case & 2 MCO Apical  PFVs PFVd I-AF IRT R-R
AH ASH asynergy (m/s) (m/s) (ms) (ms) (ms)

Group A .
1 54 F + + Incomplete Aki 3.3* 2.3 292 180 1082
2 44 M + + Complete Dys 4.5% 3.5 243 113 934
3 37 F + + Complete Anr 3.1* 2.0 338 109 770
4 70 M + + Complete Anr 2.8% 1.0 172 113 834
5 51 M + + Complete Anr 1.8* 1.1 253 112 950
6 30 F + + NA NA 2.0%* 1.8 364 84 831
7 75 F + + NA NA 2.5* 1.6 298 122 912
8 54 M + - Complete Dys 2.5% 1.7 227 116 804
9 56 M + - Complete Dys 2.3% 2.2 260 118 1051
10 46 M + - Complete Anr 2.3* 1.5 806 125 1148
11 58 F + - Incomplete Anr 2.2% 1.8 545 132 954
12 54 M + — Complete Anr 2.8*% 1.4 416 108 1166
13 67 M + - Complete Anr 2.5% 1.8 344 115 808
14 67 M + — Complete Anr 3.0% 3.2 280 106 845
15 68 M + - Complete Anr 3.0% 2.1 613 126 917
16 80 F + - NA NA 1.6* 1.5 697 120 1055
17 67 M + — NA NA 1.6* 1.0 670 133 1240

Group B

18 44 F - + Incomplete — 3.0 — 0 96 964
19 51 M - + Incomplete — 2.8 — 0 114 969
20 63 M - + Incomplete — 4.2 — 0 82 867
21 i3 M - + Incomplete — 4.2 1.5 80 160 1022
22 1M - + Incomplete — 3.8 2.7 121 110 1080
23 75 M - + Incomplete Dys 4.0 3.3 382 158 876
24 70 M - + Incomplete Anr 1.2 1.4 204 142 957
Mean 58 2.7 1.9 304 121 960
+SD 14 0.9 0.7 211 22 125

* with late systolic attenuation of the flow signal (See Fig. 2).

AH =apical hypertrophy ; Aki=akinesis; Anr=aneurysmal formation ; Dys=dyskinesis ; MCO =midventricular
cavity obliteration; NA=data unavailable; 2D echo=two-dimensional echocardiography; ASH =asymmetric
septal hypertrophy. Other abbreviations as in Figs. 2, 3 & Table 1.
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Fig. 4. Left ventriculograms in patients with apical sequestration with or without apical
hypertrophy.

Aneurysmal outpouching of the apex was sequestered by complete obliteration in patients with
apical hypertrophy (A: Case 3, B: Case 14). In a patient without apical hypertrophy (C: Case 21),
hourglass-like appearance with incomplete midventricular cavity obliteration and a hyperkinetic apical
segment are revealed. Echocardiography proved that there was asymmetric septal hypertrophy at the
apical side in A, or the midventricle in C, but not in B.
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Fig. 5. Demonstration of a higher systolic apical pressure and a persistent diastolic intra-
cavitary gradient by catheter and continuous Doppler echocardiography in Case 14.

Pressure tracings obtained in the apical (A) and the basal (B) chambers, and the summation of both

tracings (C) are shown. The timing of early diastolic pressure gradient between the 2 chambers cor-
responds to the flow velocity across the obliterated cavity (PF) obtained using continuous Doppler
echocardiography before catheter study (C). All these wave-forms are observed during the cardiac

cycle of the same length.
PF =paradoxical flow; RF =rapid filling flow.
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Table 3. Comparison of clinical and laboratory
findings between groups A and B

With apical Without apical
hypertrophy hypertrophy

(Group A) (Group B)
Patients (No) 17 7
Age (yrs) 58+14 58+16
Sex (% female) 7 (41) 1 (14)
Functional limitation 14 (82) 6 (86)
(NYHA>II)
Chest pain 7 (41) 2 (29
Episodes of throm- 4 (23) 0(0)
boembolism
Electrocardiography
SV, +RV; (mV) 5.9%+2.2 4.1+1.6
T wave inversion 10 (59) 0 (0)*
>1.0mV
Precordial ST eleva- 3 (18) 3 (43)
tion
Holter monitoring (24 hrs)
Non-sustained VT 6/11 (55) 4/9 (44)
Two-dimensional echocardiography
Asymmetric septal 7 (41) 7(100)*
hypertrophy
Apical hypertrophy 10 (59) 0 (0)*

without ASH
M-mode measurements (chordal level)

Septal thickness 14+4 17+6
(mm)

Posterior wall thick- 11+2 10+2
ness (mm)

Diastolic dimension 46+5 42+ 3%
(mm)

Fractional shorten- 46+5 45+8
ing (%)

Doppler echocardiography

PFVs (m/s) 2.5+0.8 3.1+1.0*

Paradoxical flow 17 (100) 4 (57)

PFVd (m/s) 1.8+0.79 2.2+0.9

ITa-apical filling 401191 151+ 145%*
time (ms)

IRT (ms) 120+ 19 123+ 31

Left ventriculography

Asynergy of the 13/13 (100) 2/7 (29)**
apical segment
Complete midcavity 12/13 (92) 0 ( 0)**
obliteration
LV end-diastolic 19+5 19+6

pressure (mmHg)

*, ** p<0.05 and p<0.01 vs patients with asym-
metric septal hypertrophy or with apical hypertrophy.

PFVs and PFVd=see Figs. 2 and 3. Other ab-
breviations as in Table 1. ( )=%.
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LTHFTWB P, DREIEKR BZERHET L o
ESMBRENTWAEW. SHEORHITIR, DR
HIERRI T Xy FAZENSE T, BEEHRE LER
TdhHY, HoOBREXFTHRERL VBRSNS
5. LHL, TRLERERLICEKREE T+ 3RE
T HABET BRI L, BESHRE
R IC X B BEFEH(L 2 & 7o L ISR, SEER
REAELLATEELBEETER Y. SEOLRE
JERBI Tl ic BEESIRE 2580, £ 3R
WAESICRR T 5/ NERREEE L. 2786
FIZDREEORAEIC L ) ZAFREE LLER
HIEARBLOHRE MYk EshTns
B, SEo ASH 2B WER b, FRE L L
TEHRBBEPOEFTH Y, EXHERLE
EEr R, #kroBRECER T LEATER
DREIERBLOFHE P Bl LT, L7
5T, DREBIER D 72 vy ASH f5i] pBEESH B4 H
BILEG 25 DR HER R E HT50x LT,
DREHOICIEE % 32 2R8I T3, RIS
BERE TR E N B AR KR E W, 20X 5B
KEEXVB R ZWEE T, BESHREHBBERL
BRalEXbN3D, ZAHAFTRALEZHHOE
BE & LEPEAEEEKELUGIE © ZHTHRHL
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LT3 L, FRBUTITOREBIER OHEKE L HIT
FREREVRE ENB SRS 5.

4. BEBLOTI-FEERTyS—ZOFRAMELER
Wi L= = — B X 5 TREREf o & T i3 13 4
CHEEEE R TET, 05 1260 0RE
ERHITH -7z, ZOREILLREBEKICED L
T BRI X Y DREERICRBL, 20AIo
HIERELBE T LItk LBbhi. 4
#, Lza—EEIAELTY, ERENOER
ZXoTxzokHEHBRIh3 LEXLN, L
BoT Ry F5—ick 3 HEEMFE OB IZE
FARERLEbh 3. F0EHEROL RO EE
EoERiiAS, #MHHEsEOHIRSLEFIE o
RIEAL DR —E DIz d+ TR X RVWD T, BEE
EDREREOFRE L OEICS W T id, 41,
RESILBIRES R 2 VW FHE VL ET H
3. —7F, LDREBEZ0HRAICEL TiE, OV T
—FNETIRLREBO/NENOERZFIEHETH
5%, Fv 77— TbELNEHAES <t
VI FANERT B D, DRERIOERZEITFE
flic&v. (RHEHAECRES VX —o
REBH L CERZE2* ERICERTES LENT
W B, REHBEL, BEOHEIIT, ER
B MR DO REHEIESTIC X 2 EARKPEH TE
e &R, AR TR LR S R
DIAEHERZE % 38/0 51l + 5 FIEEE 235 5.

2 #

IRKEHI DA EAISIEKIZ X 0 D RIS HS0
25 BE S B0 RESy BEER % (apical sequestra-
tion) DIFE L, ZOMKMEBREMEHT 570,
WELza—K, BEFEFy 7BV,
BER B REE At 196 471 & 4R 5% L 7z

HEEFR T 24 4] (12%) w@Bw» b h, BHEHT
FRERMRICHL, DRMEESRYE, EELEHE
RERR, MRERIE % BIHE SR . HEE F
vy 77 —$hTE, BEREo2f T, LEPEICT
LNREBH B OULFERARETRIE (2.7+0.9 m/s) H3RH
Ehie. 21HTIRIREHIC b ORE L b LEE

Iz h 5 55 1.0~3.5m/s (5 1.9+0.7 m/s) &
E A R A A b h, IERRERE R
G VX—a4Rickh 4~49mmHg e s
, DREBOBEREE OBEIREL S hiz.
BEp 2 D REIER D ABLTHIE, Zh
FROBVWBHIFACHBELTEEL KT 5
&, RN s Ry 75— TRIEER O & 2k
FHoRREx A BTIXVERL TRY, KBIRF
FASH > & ST BERE ~ DR ABRSE £ T ORI A, B B
ZHL A BTXYEBIEL Tk (401191 vs
131+ 145 ms, p<0.05). A=¥EE iz, A BTz
24, LRMEEEBRE 2B, LAREE LLE
HE o TLAENIREH s o L. —7,
BETISHICTERESHRELZRED T, &l TE=
PEOAEIIREL TH - Iz

PEX Y, DREBIERES T FH2RETITAR
<, DREEEESHRE BB ICRD, LEMAE
IR MR FEARAE & DEE IR S Wiz, fricilk
HAER G © 2RI R E B E 0 NISHAZEIC X
v, RHOLRBEEREORBIENEL, Th
SAREWCHE LT, BEEBHREORESLEE
DR IS LT v B AT SR & hure.
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