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Follow-Up Study of Diastolic
Paradoxical Flow in the Left
Ventricle With Apical Hypertrophic

Cardiomyopathy

O oo g Aki  NOGUCHI, MD
gooogd Naoko ISHIZUKA, MD, FJCC
gooog Kyomi TANIMOTO, MD

o oo g Hiroshi KASANUKI, MD, FJICC

Objectives. Left ventricular apical asynergy and cardiovascular complications were evaluated in patients
with apical hypertrophic cardiomyopathy, in whom apical diastolic paradoxical flow toward the base could
be detected by Doppler color flow echocardiography.

Methods. Twenty-nine patients with apical hypertrophic cardiomyopathy were followed up with
echocardiographic examinations for at least 5 years. They were divided into three groups: those who per-
sistently exhibited paradoxical flow Group A, n[J 13[] those in whom paradoxical flow developed during
the follow-up period Group B, nO 8] and those in whom paradoxical flow was not detected during the
follow-up period Group C, n0 80 Peak flow velocity and duration of paradoxical flow, the presence or
absence of apical asynergy, and cardiovascular complications were eval uated.

Results. The mean follow-up period was 7.3+ 1.4 years. In Groups A and B, the apical wall motion
deteriorated over time, whereas there was no asynergy change in Group C. Further, peak flow velocity and
duration of paradoxical flow increased throughout the follow-up period in Groups A and B, and were cor-
related with the severity of apical asynergy. Ventricular tachycardia and cerebrovascular complications
also occurred more often in patients with paradoxical flow.

Conclusions. The presence of paradoxical flow was related to the severity of apical asynergy and cardio-
vascular complications, and may be an important marker for evaluating the clinical course of patients with

apical hypertrophic cardiomyopathy.
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Fig. 1 Measurement of intraventricular flow

Continuous wave Doppler flow velocity pattern from
the apical two-chamber view of the left ventricle.
S2a 0 aortic component of second heart sound;
PFO paradoxical flow; PFT O paradoxical flow time;
SPV O systolic peak flow velocity; PFPV O paradoxi-
cal flow peak velocity.
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Table 10 Clinical characteristics

Groups
A B C
p vaue
PECOOLOOO PEOOLOOO PEOCOOO0O
0 nO 130 0 nO 80 O nO 80
Follow-upl yr 72+ 1.2 82+ 1.1 8.7+ 1.7 NS
Sek] maled 1Q 770 @ 500 880 NS
Agél yrQO 58+ 8 60+ 10 56+ 8 NS
Family history of HCM 0 0 0 NS
Symptoms 380 630 4 500 NS
NYHA classH O 0 0 0 NS
Medicine” 10 770 @500 41 500 NS
LVH 460 630 B 380 NS
Giant negative T 380 21 250 41 500 NS
BBB Bl 230 0 0 NS
LvDd cmO 4.82+ 0.4 454+ 0.3 473+ 0.5 NS
FS %0 38t 3 42+ 3 36+ 2 NS
VS cmO 173t 05 163+ 0.3 1.39+ 0.3 NS
PV cmO 1.22+ 0.2 143+ 0.2 119+ 0.1 NS

Continuous values are mean+ SD.[O O [: %.

Group A : With paradoxical flow from the start of observation.
Group B : With paradoxical flow developing during the follow-up period.

Group C: Without paradoxical flow.
U Beta-blocker, verapamil or antiarrhythmic drugs.

HCMUO hypertrophic cardiomyopathy ; Symptoms[ palpitation, shortness of breath, chest pain; NYHAO New
York Heart Association;LVHO left ventricular hypertrophy ; BBBI bundle branch block ; LVDdO left ventricular
diastolic dimension; FSO fractional shortening of the left ventricle; 1VSO interventricular septal thickness; PWO

posterior wall thickness. Other abbreviation asin Fig.1.
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Fig.2 Case presentatiofl Group A; A 53-year-old
malel]
A: Start of observatiofl 199701
B: End of observationl 200301
Left column: Doppler color flow from the apical view
during the diastolic phase. Arrow shows diastolic para-
doxical flow.
Right column: Continuous wave Doppler flow velocity
pattern within the left ventricle.
Explanation of Group A asin Table 1.
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Fig. 3 Changes in intraventricular systolic peak flow
velocity in each group
At the start of observatiofil initial measurement[] sys-
tolic peak flow velocity was significantly greater in
Group A as compared to the other Groups. At the end
of the observation period follow-up measurement(]
flow velocity was significantly greater in Group B than
in Group C.
Initial Al B, C[T] Group Al B, Cl&t the start of obser-
vation; Follow-up Al B, C[TJ Group Al B, CL&t the
end of the observation period. Explanation of the
groups and other abbreviation asin Table 1, Fig. 1.
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Fig. 4 Changes in paradoxical flow peak velocity
O upperCand corrected paradoxical flow time
O lower[in each group
At the end of the observation period follow-up mea-
surement(] paradoxica flow peak velocity was signifi-

cantly greater and corrected paradoxica flow time was
significantly prolonged in Group A compared to Group
B.

cPFT O corrected paradoxical flow time. Explanation
of the groups and other abbreviations as in Table 1,
Figs. 1, 3.
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Fig. 5 Changesin left ventricular apical asynergy with
time
At the start of observatiofl initial measurement] no
significant differences in left ventricular apical asyner-
gy were observed between the three groups. However,
at the end of the observation period follow-up mea-
surement(] left ventricular apical asynergy had signifi-
cantly deteriorated in patients of Groups A and B, and
significant differences were observed between the three
groups.
Explanation of the groups and abbreviations asin Table
1, Fig. 3.
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Fig. 6 Changesin left ventricular apical asynergy over
timein Group A
Left ventricular apical asynergy deteriorated with time
in patients of Group A.
Explanation of Group A asin Table 1.

Asynergy score y=1.13+0.87x r=0.628 p<0.01

51 ) [ )
4 -
3 4
29
1 T o0 o oo
0 1.0 2.0 3.0 40
PFPV(m/sec)

Asynergy score y=1.18+0.02x r=0.416 p<0.01

11 000 0O [ ] [}
0 50 100 150
cPFT(msec)

Fig. 7 Correlations of paradoxical flow peak velocity
O upperCand corrected paradoxical flow time
O lower[OWith left ventricular apical asynergy
Paradoxical flow peak velocity and corrected paradoxi-
cal flow time showed positive correlations with the
severity of |eft ventricular apical asynergy.
Abbreviationsasin Figs. 1, 4.

|:| Event(+) :VT,CVD,Thrombus

PF negative 6.3%
L p<0.05
PF positive 25.4%
1 1
0% 25% 50%
(%)
100 1
E VT
E CVD
3 69% Thrombus
e 50%
50 -
0,
25 s —
< J15%15% xR
— 00 oo
R m— | Lol | e |
Group A Group B Group C

Fig. 8 Incidence of cardiovascular complications
Upper : The incidence of cardiovascular complications
was significantly higher in patients with paradoxical
flow than in patients without paradoxical flow.

Lower : The incidence of ventricular tachycardia, cere-
brovascular disorder and thrombus tended to be higher
in Group A than in the other groups.

VTO ventricular tachycardia; CVD [ cerebrovascular
disorder. Explanation of the groups and other abbrevia-
tionasin Table 1.

goooo

gbooooooboobobobooooooog
000000000000 20030%B“ 00000 20
55" 00000000000000000000
00000on«mem

goooobobobobbbboooooooinooon
gbboooooz20bbooooboobooogosgboon
godbooooboobbo4giobmboobooon
gbboooomsgooboooooobooouoboo
gogboogoboobbooboobbooboon
O0oooo®o0000oo00oooooooon
O0oo00oooooOo?Mooo00oooooooon

J Cardiol 2006 Jan; 47 101 15-23



O00000000ONYHAOOOOOOODOOOO
0000oo0o0o0ooooooooooooooo
000000oooooooooonen12%udn
00000000 ooOo*0oo0000o0o0oooo
00o0ooooooooo1wooooooooa,
0000000o0o0oooo0oooooooooooo
0000ooO0o0o0oo0ooUooooooooo
oooooooooooooOoooooooooo
0000000O0o0ooo0oooooooooooo
000000moooo0o0oooooooooooo
gobodoobbooobobooooboooobooo
goood* oo’ oooogooooooooooo
gooooooga
goobdddooooooooooooooo
googspPvOPFPVOOOOOOOPFTOODDOO
goooooooooooooooobooBoOoOO
g ooggo ADbD b
Jo00oooooboDAODODOODOODOODOsPVO
PFPVO O OOPFTOOUOODDOODDODOODOOO
gdddddddooooooooooooooboobonb
gdddddddooooooooooooooboobonb
oo ooobobobonb
0000000000000 00000og PFRPYO
OoO0OpPFTO0O00O0OOOOOOOOODOOOOOO
000000o0O00oooo0oooooooooooo
0000000O000oo0oooooooooooo
000000o0o0o0oooo0oooooooooooo
O0O0O0O0ONakemuraOD? 0 000000000000
00000000000oo0o0ooooooooooo
000000o0O0o0ooooO0oooooooooooo
dooo0O0oOoooooooooooooooood
OooOosPvOOOOOOOOOODOOOOOOO
o0o0o0oooOooooooooooo
000000 cavity obliteration0 000 00ODO0O
gdooo0oO0Ooooooooooooooooooo
oo oooooon
0000000000 000o0000doaoncavity
obliteration 0 0 O 000000 OOOODOOOOOO
00000000000 0000d cavity obliteration
000 350msecd O O mildd moderate obliterationd [
gobodooobbooobobooobobooooboo
3B50msec0 D0 00O0D0OODOOOO100%00000

J Cardiol 2006 Jan; 471 111 15-23

ooooooooooooooooooooon 21

ddddodooooooooooboobooboooao
0% 000000 cavity obliteration0 0 0 00 00O
ddoooooooooa
dddddoooooooooooooooooo
doooAOODOOoOoOOoOOOoOOOOObOODODOOD
ddddodooooooooooooooooon
ddddodooooooooooooooooon
ddddodooooooooooooooooon
ddddodooooooooooooooooon
doododoooooooooooooooooon
ogoooooo
AlBOCOOOOODMmMBOODODODOOCaODOO
godooooo@moboAODdOO0O0booooooooa
goddoobooooboooobouoooooooon
goddoobooooboooobouoooooooon
JoooBOOCOUOOOOOOOOOOOODODOO
godoooboooboooobouoooooooon
gooooooooao
gbodoobooooobooobuooooooono
goddoboboobobooobuoooboooon
gdoobooboboooobooooooooobooboa
godooboboobobooobuoobooooo
ddddodoooooooooooooooooon
ooogooo

ooooao
cooboooooocoOobooooooboOooooboo
0000M00000000ooooo®*mMoo
coooocoobooobooooooooooooo
coboooooboobooooocooboooooboooboon
cobobobooobooobooooooooooooo
cobooboooboooooboiloooooooao
cooboooobooobooooooooooooo
cooboooobooobooooooooooooo
goospvoOooooooooooooooood
OO0OoD0o0o0oO0oDO0ob00ooDM™dpdtt OO0
oooboooobooobooooooooooooo
ooobooooboOooooooooooooboooo
ooobooooboOooooooooooooboooo
ooobooooboooooobooooooo
ooobooooooooboooooobooooooo
oobooboooobooooboooooobooooboooo



22 oooooooo Ood

coooooooOoocooboocoooobocooboooo
0ooOo®¥Qgoo000000000oooooooo
cooooooooooboocoooboooboooo
coboooooooooboocOooobocooboOooon
coooooooocoooo

goooo

cooboooooooOooobobocOoOoboboOoooon
gobooobooooooooooooooOooOooon
goboooboooobooooooooooboooon
goboooooooooocoobogo

goood

ooo:00b00o0ooobooooboobo0ooooobobo0oooooooobbo0ooOoooDbbOoooo
gobooooooooboodoobodoooooooooooooooooooboooooonoag
gobooooooooobodoobodoobooooooooooooooooobooooonodg
goboooooooooooooboodooboboooboooooooooogon

oboo:0000000000b00C000bO0o0cbO0OoO0ob0bOOOO0sS000bOOo0O00OnoO
gbooooodobooo2b00b0dbobooboobooboobooboooooooooooooag
obooooooooobOocOooboOoobooOooooOoocOoOobOOoOoOoOboOoobOoOoOoobooonoa
bob0oobooo1RmAC@OOcOoOOoOobOoboOooooooooos@mBOm@uoOoOoOoOoOO
gobosmcom3gooooooooon

oob:000000073x 14000000000000000000000A0OO0C00OBO
goboooooobobooobooocoooboooooooobooooooooOooOoooOonooonoag
gobooooooooobooooboooobooooooooooboooooboboOooboooobooonoag
oobooooooooooocooboooooboboooboobooboooooooooobooOoooDooo

oob:00oooobooboboooooobobo0oooooooooobOoobboOobooOooDo
goboooooooooboboooboooooooooooooboooooboboooboooooog
ooooooo

J Cardiol 2006 Jan; 477 1[0 150 23

ooo

10 Koga Y, Miyamoto T, Ohtsuki T, ToshimaH: Natura his-
tory of hypertrophic cardiomyopathy : Japanese experience.
J Cardiol 2000 Suppl[; 37: 1470 154

20 Nakamura T, Matsubara K, Furukawa K, Azuma A,
Sugihara H, Katsume H, Nakagawa M : Diastolic paradoxic
jet flow in patients with hypertrophic cardiomyopathy :
Evidence of concealed apical asynergy with cavity oblitera-
tion. JAm Coll Cardiol 1992; 19: 5160 524

30 Nakamura T, Matsubara K, Furukawa K, Kitamura H,
Azuma A, Sugihara H, Katsume H, Nakagawa M, Miyao
K, Kunishige H: Apical sequestration in hypertrophic car-
diomyopathy : Its clinical features and pathophysiology. J
Cardiol 1991; 21: 3610 3741 in Jpn with Eng abstr(]

40 Zoghbi WA, Haichin RN, Quinones MA : Mid-cavity
obstruction in apical hypertrophy : Doppler evidence of
diastolic intraventricular gradient with higher apical pres-
sure. Am Heart J1988; 116: 14690 1474

50 Kusukawa J, Suwa M, Nakayama Y, Hirota Y, Kawamura
K, Adachi I, Akagi H: Advanced sequelae of apical hyper-
trophic cardiomyopathy : Report of two cases with wall
motion abnormalities. J Cardiol 1988; 18: 2590 269 in

Jpn with Eng abstr(]

601 Cooke JC, Cotton JM, Monaghan MJ: Mid-ventricular
HOCM with apical asynergy. Heart 2000; 83: 517

70 Yamanari H, Morita H, Mouta S, Sakuragi S, Ohe T:
Uniquely abnormal intracavitary flow during late systole
and relaxation in hypertrophic obstructive cardiomyopathy
with midventricular obstruction. Clin Cardiol 1996; 19:
9130 915

801 Keller H, von Kageneck V, Buss J, Stegaru B: Diastolic
intraventricular gradient in hypertrophic cardiomyopathy
with apical hypertrophy. Eur Heart J1993; 14: 425[] 427

900 Harada K, Shimizu T, Sugishita Y, Yao A, Suzuki J,
Takenaka K, Hirata Y, Nagai R, Takahashi T :
Hypertrophic cardiomyopathy with midventricular obstruc-
tion and apical aneurysm: A case report. Jpn Circ J 2001;
65: 9150 919

1000 Inoue T, Sunagawa O, Tohma T, Shinzato Y, Fukiyama K :
Apica hypertrophic cardiomyopathy followed by midven-
tricular obstruction and apical aneurysm: A case report. J
Cardiol 1999; 33: 2170 222 in Jpn with Eng abstr(

110 loannides MA, Konis P, Georgiou G, Nicolaides E:
Diastolic gradient in hypertrophic cardiomyopathy of the
apical type. Eur J Echocardiogr 2004; 5: 790 81

J Cardiol 2006 Jan; 47 101 15-23



12000000000000000000M OO0 OOoO
OO0 000000 Idiopathic Cardiomyopathy 0 0O O O
0, 1986; pp 130 15

130 Yamaguchi H, Ishimura T, Nishiyama S, Nagasaki F,
Nakanishi S, Takatsu F, Nishijo T, Umeda T, Machii K :
Hypertrophic nonobstructive cardiomyopathy with giant
negative T waves apical hypertrophyd: Ventriculographic
and echocardiographic features in 30 patients. Am J
Cardiol 1979; 44: 4010 412

140 Koga Y, Ogata M, Itaya K, Toshima H: Prognosis in
hypertrophic cardiomyopathy. Am Heart J 1984; 108:
3510 359

1500 Maron BJ, Bonow RO, Seshagiri TN, Roberts WC, Epstein
SE: Hypertrophic cardiomyopathy with ventricular septal
hypertrophy localized to the apical region of the left ventri-
cl&l apical hypertrophic cardiomyopathyll Am J Cardiol
1982; 49: 18380 1848

1600 Wigle ED, Sasson Z, Henderson MA, Ruddy TD, Fulop J,
Rakowski H, Williams WG : Hypertrophic cardiomy-
opathy : The importance of the site and the extent of
hypertrophy : A review. Prog Cardiovasc Dis 1985; 28:
1083

170 Eriksson MJ, Sonnenberg B, Woo A, Rakowski P, Parker
TG, Wigle ED, Rakowski H: Long-term outcome in
patients with apical hypertrophic cardiomyopathy. J Am
Coll Cardiol 2002; 39: 6380 645

180 Kitaoka H, Doi Y, Casey SA, Hitomi N, Furuno T, Maron
BJ: Comparison of prevaence of apical hypertrophic car-
diomyopathy in Japan and the United States. Am J Cardiol
2003; 92: 11830 1186

1900 Webb JG, Sasson Z, Rakowski H, Liu P, Wigle ED:
Apical hypertrophic cardiomyopathy : Clinical follow-up
and diagnostic correlates. J Am Coll Cardiol 1990; 15:

J Cardiol 2006 Jan; 471 111 15-23

ooooooooooooooooooooon 23

83090

200 Sakamoto T: Apica hypertrophic cardiomyopathil apical
hypertrophyd: An overview. J Cardiol 2001; 37 Supple
00O 1610178

210 Doi K, Toda G, lliev Il, Hayano M, Yano K: Clinical
analysis of hypertrophic cardiomyopathy which evolved
into dilated phase during long-term follow-up. Jon Heart J
1999; 40: 5790 587

2200 Matsubara K, Nakamura T, Kuribayashi T, Azuma A,
Nakagawa M : Sustained cavity obliteration and apical
aneurysm formation in apical hypertrophic cardiomyopa-
thy. JAm Coll Cardiol 2003; 42: 2880 295

230000000000D000bO0D0O0DOoOobDOoOoO
gooooOoOoOoooOoooooooooooo: o
o0o0o0o0o0oOoooooOoooooooooooo
000000 JdpnCircJ2000; 64: 319 abstrl

200 0000000000000 00b0bO0bO0booogoo
O00O0O:0000000D0O0OO0O0ODODODOOOOOO
0 O JCardiol 2001 ; 38 Suppl[I: 428] abstr]

2500 Pons-Llado G, Carreras F, Borras X, Pamer J, Llauger J,
Bayes de Luna A : Comparison of morphologic assessment
of hypertrophic cardiomyopathy by magnetic resonance
versus echocardiographic imaging. Am J Cardiol 1997;
79: 16510 1656

2600 Ward RP, Weinert L, Spencer KT, Furlong KT, Bednarz J,
DeCara J, Lang RM : Quantitative diagnosis of apical car-
diomyopathy using contrast echocardiography. J Am Soc
Echocardiogr 2002; 15: 3160 322

270 Moon JC, Fisher NG, McKenna WJ, Pennell DJ: Detection
of apical hypertrophic cardiomyopathy by cardiovascular
magnetic resonance in patients with non-diagnostic
echocardiography. Heart 2004; 90: 6450 649



