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Surgical Management of Left Ventricular Outflow Tract Obstruction
-A Clinical Study on Subaortic Stenosis-

Kwhanmien Kim, M.D.*, Yong Jin Kim. M.D.*, Kyung Phill Suh, M.D.*, Joon Ryang Rho, M.D.*

Forty nine patients(M:31, F:18), age from 2 months to 17 years(mean=4.9 years), underwent
operations, from April 1986 to December 1992, for the relief of subvalvular aortic stenosis in normal
atrioventricular and ventriculoarterial connections.

There were 4 anatomic types of subaortic stenosis : membranous in 29 cases (59.2 %), fibromuscular
in 11(22.4%), diffuse tunnel type in 7(14.3%), and miscellaneous in 2 cases.

Thirty four patients(69.4%) had associated cardiac anomalies, of which ventricular septal defect
was the most common (27 cases). Other anomalies were patent ductus arteriosus, coarctation of the
aorta, valvular aortic stenosis, double chambered right ventricle(DCRYV), infundibular pulmonic
stenosis, persistent left superior vena cava, and rigt aortic arch. Mean systolic pressure gradient
between the left ventricle and ascending aorta was 26.4 + 17.6mmHg:13.1 & 17.6mmHg in the
membranous type, 22.0 + 18.4mmHg in the fibromucular type, and 56.1 + 38.4mmHg in the diffuse
tunnel type.

Operative procedures were determined according to the type of subvalvular aortic stenosis - simple
excision of subaortic membrane in the membranous type (29 cases), left ventricular myectomy with or
without myotomy or fibrous tissue excision in the fibromuscular type(il cases). Among the 7 of
diffuse tunnel type cases, ventricular myectomy was performed in 2 and a modified Konno operation
was performed in 5.

Postoperative follow up was made with periodic echocardiography. The Mean postoperative follow
up period was 33.8 months. There were 2 hospital mortalities (4.1 %) and 2 late deaths. Residual
stenosis remained in 3 cases and recurrence developed in 2 cases during the follow up period. Five
year actuarial survival rate was 91.8 + 3.9% and 5 year complication free rate was 72.3 + 10.4 %.

Conclusions:

1. Subvalvular aortic stenosis should be relieved completely as soon as possible when diagnosed,
regardless of left ventricular outflow tract pressure gradient.
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2. Good results were obtained using only simple excision of subaortic membrane in the membranous
type of subaortic stenosis. However, aortoventriculoplasty(modified Konno prodedure) was
necessary for good results in the diffuse tunnel type.

3. Periodic postoperative echocardiography was helpful in detecting the progression of residual

stenosis and development of new stenosis.

(Korean J Thoracic Cardiovas Surg 1994 ;27 :893-901)
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Yol A AL A-AIA 2 AAD-EH A (nor-
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T=F 413 A3y AEARE 5 AT 2
AL FEE WA AR TF A=A A 93}
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250 AR A AEA 9 AldR 2= Ak
soct o AS #AEY 59574 WEE (5 year actu-
arial survival rate)@ 3 F9= 59 AEE (5 year com-
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Table 1. Types of subaortic stenosis

A 9
HANRER HAEe ANE o

Table 2. Associated cardiac anomalies 34/39 (69.4 %)

29 (59.2%)
11 (22.4%)

I. Membranous
Il. Fibromuscular

II. Diffuse tunnel 7 (14.3 %)
IV. Miscellaneous
accessory flaplike tissue 2(41%)
under AMVL 1
malaligned IVS 1

* AMVL: anterior mitral valve leaflet, IVS: interventricular septum

Type IDe] 112 (22.4 %), €1'33 25 (tunnel type, Type
IMe] 78 (14.3 %)g 2.1, 71e}l §3le) 24 (4.1 %)} 7]
e} F¥ele sERAGIT A7 G Bkl o)A
Z7] (accessory flaplike tissue)ell 2%+ 7-¢- 1389} A SF
7] Fu}A ¢ (posterior malalignment)el] 2%k FAA &
22 g3 1971 9l gith (Table 1).

£ AAA AlAZ TR A7t 3480 (69.4 %), o}
AR AAS 2Ae ¥ oA o F 5 gts} §
Zo] WAFE A-$-7} 83 (16.3 %) 3L, W ghehs) 3=
@5 Wl A= 78 (143 %)l B35t} FukAl7]
o= AAFAAESSE T3 = A7130] 278 =
748 Wk, $AASES (DCRY), 5HWRES, dF
N1y 3, A, RS, o5 53
%, deutgdEE, s Sol
(Table 2).

FEA JASTAAL FTI¥e] 9ld dEddAeE 1 5

HE71 3ol o8 v Eolx o2 el 797t o el sl
3, FEHe] Y FAE A TEITGH), A EA
AN = A (1) So] AR, 583 FAlo] %‘191‘:4
7= 38 Aok A=A FHA4A H]“H/] 27L& 174,
Al A 88, el oFAANI ] 27 138 e A
elgten, A¥d 24 N5 A 5F-AA =7 Seller
Grade I o}Atoldl®dd A= 902w, Grade 1 64,
Grade II 113 At A=A} Mg FALARERE T5
7] YA E FHF 26.4 + 17.6mmHg (13~ 100mmHg)
gon, 7+ 38 vy, wAks 131 + 17.6mmHg, A5
28 22.0 + 184mmHg 4.1, B4 56.1 + 38.4mmHg
¢1t} (Table 3).

FAA A 5 ZdgAtellA 77 Hr)olgtr) e #
Al FE29) slaldEY 2719 Hl&L #3o] 091 +
019, AH23 088 +035 €d3o] 0.70 +0.1493v}
(Table 4).

stolct

VSD

VSD, DCRV

VSD, PDA

VSD, Lt. SVC

VSD, PS

VSD, right aortic arch
VSD, DCRYV, PDA
Lt. SVC

PDA

Valvular AS, infundibular PS
COA, PDA, Lt. SVC

[
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* VSD: ventricular septal defect, PDA : patent ductus arteriosus,
DCRV: double chambered right ventricle, Lt. SVC: left superior vena cava
PS: pulmonic stenosis, AS: aortic stenosis, COA : coarctation of aorta

Table 3. LA-aAo pressure gradient
(mean: 26.4 + 17.6mmHg)

Membranous 13.1

+ 17.6
Fibroumuscular 220 + 184
Diffuse tunnel 56.1 + 384
Miscellaneous 13.3 + 18.9

* LV-aAo: left ventricle-ascending aorta

o Altglon, wAgo]

2 FAlel Alaskact. HAE
HaE 299 o ']—‘E tﬂ%"—‘l 5&‘1}?'5} whakz A (subaortic
membrane) AA|Eut AP, A3 H=AF 119
N A= o5 5“"’45} Af-22 A A E-"]’ v F-5 Al A
<, & ANes FA At AL FER
g gy gaF 7HF 28 A ASAEAeT
A3t A v R] 5¥ o) A= W3 Konno ¢S A 33}
qart. 7lel -39 SRt Az Gl Bk
ozl o3t HAUMFER A 1H A= o=
2 "AA S AR, ALFH A 23 §
2o 18 = AT HAEE Al 83151t} (Table 5).

Fe ALE ALAFHAAES 538 3972049, dF
W ANE °]~‘-’*§l 797 288 5tk AL FAAES] &
e A 13 AAFHAEAES 2Ade F AEd
735 438 iﬂ'ﬁk’q 31 G, o3 108 A= Al FH
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Table 4. Ratio of LVOT/d-Ao diameter

Type Mean

Membranous 091 + 0.19
Fibroumuscular 0.88 + 0.35
Diffuse tunnel 0.70 =+ 0.14
Miscellaneous 0.87 + 0.08

* LVOT: left ventricular outflow tract, d-Ao: descending aorta

Table 6. Operative procedures

Procedures No.
Subaortic membrane excision 29
Myectomy + myotomy 14
Modified Konno procedure 5
Subvalvular tag exicision 1

Table 6. Mortality

Age (month) Type “ ..Cause POD
7 Malaligned IVS complete 1
AV block
6 Fibroumuscular hypoxic 7
brain damage
Fibroumuscular mediastinitis 54
77 Diffuse tunnel CHF 43

* VS interventricular septum, AV: atrioventricular,
CHEF : congestive heart failure, POD: postoperative day

AL =77} AAY Aok Rt B5Esl] d-FH A
F wetel g3 w4 £ F AL REE 25
7] "etAAA 2L €A AT JFY e 757
sk zle) 7t AW 8 oA AP, AlsvfE
% FgAAx 7} 30mmHg o]Aeldd A-$7) 33, 20
mmHgd® 75 19, 10mmHg ©}3t5 < A-$-+= 48 ot
FAA 22 W3 A7 30mmHg o] 1A 3%
28 27 By P 35 B A2EA S A7 A
s sled Zhzte] &4 FAAA 7 70, 100mmHgoA A &
% 35, 30mmHg2 ZAstden, e s dyyg2s &
A2 dubst Az A28 E A 8F A}
45mmHgt o] §3 Konno &2 Astg ot dgt
A A} 7} 30mmHg A& A$-oc) A& Hek AALA
7} 20mmHgd ¥ 18& A723 335 #A2 ASHA
<F ¥4 A7 110mmHgol A 20mmHg 2 74313
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Actuarial Survival of Operative Survivors
#++ Kaplan-Meler method ***
%
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Fig.1. &% MEXo| MEES

A A foln, &F FAAUKETE Y4AEAA7E 10mmHg
olal ™ 4dlE AR Ed3y J3AF IAAEANAA WY
Konno &5 A3 7 -folch

AdBzd a4 €4 d5H s -d3e] 174
Qo) 28 o) Al leaflet slicingS A3}l aL, T} ool
e A eo] Ho¥ A+ doon, 1HAe +6F
< 3HAFA (right coronary cusp)&AtS 2 U34S Al
P& 74971 At

3. =M

$EAF 290] Abgale] 4.1% 9 27| AMEES B
t}. 3 9 AAIEA Fabd el A3 AAN 2
Z #xz £ F gAdlapgde g 194 APEE L,
o ¥4 4423 35 AR A4 HES
2 £F 794 Ataigct 9] A 2d e, & 1
L As2Y g5 g oF FH59eE, g ¥
He edy g3 S A YN AFHeR 747
5491, 4345 A}kaledcd(Table 6). Kaplan-Mejer W] 0.2
A AR 5 73 2L 91.8 +39% %} (Fig. D). €
2% Pz Al aict 24, o5 gute s 5 2
), SR g REA 18, AANES 18, ARG HE
A+ 19, 2459 184k (Table 7).

$42 AP FAAGSZE $27] GYAAA S
&F 1545 AP Ax2S0 HAA A" AE dF
) gha}a) 322 (> 30mmHg) A= 33 (6.1 %)H k-

A& dEAaasl Y3 39 F 1 YT
2 W3 Konno ¥ A& AU K22 737 ¥4A
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Table 7. Postoperative complication

complete AV block
aortic insufficiency
mitral insufficiency

low cardaic output
hypoxic brain damage
mediastinitis

L T ST

AF=]17} 30mmHgl oo, &% byl Ao 2 ol3A
57) AlES A AW 2 aeF A g
) gated Bd 3 SRaat g o] AlslE e 13} 5
23 2dF e ARt AFEA] HFALH
28 ¥4AAx = 25mmHg, FAA 47 47184
20mmHg, Grade IIT o] S st &}l -4, Grade Il 55
w2 FAAFAY 271E Bed, e
Srqt ¥4t Carbomedics Q1 FA7E o] 43 %
7 X 3EFo] W3 Konno T&& A3 3ot

T dAEHat AF " 3 AFEzAe)
At A3, dlF5 ek =53] o8 &4
o] glslen, FAAFEE A FHo] vIF= Ut
o|ZA = A e sRALH -] Grade 1 A X ¢
olglemA AFHALHAS Bl WA Ag5Fol|w A
4L A8 = & de Edy J3S A2
93 Aa2A 2 AZZAE Al8F A FEE
47 A7} 30mmHg o 21d 7 W wkel] A7 Al =2t
L AR A 9 AAMAE 60mmHgR F7H= 4
A, R a9 dgaide] FAEE e AF1S
el o, €% a3AA HEl = EFET 9 A7) Fe] e
v A Ageo] 28 Adlolth U] & o= 2y
FFE Fxt2 g Fdaqt st AAE APF AL
7} 35smmHg% 2t &F 2¥71A] A7} AA =4 #
Al u|d o] &7 ool FH-ARAIAREIA Alv e 9] o]
U F5 2 353 59 A4S e esie

A 28 18 AR T Hs YEF(FEE
w)gkAl e gE5gst ddzs] dAe A3F 4499
HAFZAADA A Grade 18] T57]1450] S8 4
AxA HAAN Y 23S B A2SoA4 A%
Az} g gutst hayzz]o] A=A, Ara @ Al
dazdA FAA RS2 757 473 A7) 40mmHg,
NEY A 24 Grade I~112] 27 Bt} o] sixl=
A et &9 2P B9 AeEs AW

A 9
I YRER BES duH 2y

Complication-Free Survival

*** Kaplan-Meier method ***

%
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"F‘% A7 g gatslel] Wkl Rk 2z o]
3l L A A FH o] vlFE] o] glojA AR e AT

& o] A3tk EF Sl £2AHNY
7hAl B8R FA7F 2 A= A i) v A] 3 e
“‘} A st o] x2] o] At} A FEE §
FRAD WA 7 o) RN AAEF eduTl
SIAARE 2L -9 el A 3535 (cystic mass)7H
=o] WA 5v) 7] 2ol

EF FH7ZAL Lol A 1ML 2 HF 33.870
dolgl.amr, o] 7|7k ot FANARERE F3t AL 2
Aol M UNL TEHLE A FA4 027 B9 (WPW
ZEF)go] 1384 9lgitl. Kaplan-Meier 2.2 A4}
3 53 F3 AWE4(5 year complication free survival
rate)2 72.3 + 10.4% g} (Fig. 2).
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A el JASS ARANFANNFEE J3F
8~20% ol sl Ao 2A UubH o Fxlo) A4
2 AE F& g e W aET gl

Deutch 52 @3}y ab3o] Ay z34ke) 24
o] o}t

I. thin membranous diaphragmatic stenosis just be-

neath valve
II. fibrotic ring stenosis, a few centimeters below
[l. fibromuscular stenosis

IV. tunnel-like stenosis
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9] 4302 BE59 T Newfeld 2 Deutch 9 I, II
3L %o I3 (membranous type}e)2kar s}z 1113 S 113
(fibromuscualr type), IV3-& 1113 (tunnel type)o]e} 3}
FEF A F9 o) E A xF TFH-E LRI}
Newfeld 52 7t #3802 o534 o] A4 (FE) 3t
‘_/]_3)‘
A) 13 : =438 (Type I. membronous type)
WS 2AE BoF & 439 A4 (frbrous
diaphargm)-2 24 3@t 2 3HF 4 mmel|
A 2~3cm Aloldl] $1X|ste] FEA A &
o] Q& A-$7F ddew FA = 5 mm o] sle]t}.
A) 23 : A3 (Type II. fibromuscular type)
FAAG-Z 26 7] # (muscular base)E zZtil
collar®ofe] 23 23t
A 33 : €133 (Type II1. tunnel type)
71 AR el 2 FAAFER F om7bA] BE
A Aol wIFEE ] glow, Hf AdxA el
A FAS FAAFPEE e s A
3 fRI7HR AYEr] = gt
o] 5 Bats) =AM 3% (membranous type)S- 1842
J Chevers'"7} 218 714392, 191313 Thursfield 5]
o] AL 71Al ARl A F2AY] A E Hagezd 1
AAA FaAo] A7 AlABlEoH, FHelAE A
whA ol uinl BuE g}, o] Alghe] YA sYe
Bgs) FHHA A oy FPHEe] RaE ot
Keithol] 2]3bd A F-22 F-9 A, Al (bulus cor-
dis)e] E-sb4g El3le) oJcha s} 2", Varghese 57
5} Chung §"%) 9J3ldd, Al A A& 27171 e
AV A A F 58 A F7 o] #E] (aneurysm)E
FA%w AANAFE2 AW FA e 28 LA 3=
7o)} B.astedch
Freed 92 AAFAAES A A A5 0 F
AR A28 HEAs § 24 Wkl 2, Mark 5
L Zul g EZoe] Tutel oo #H-gchedd o3 ofF
o] 5ot ool 9t FAAFERA AAH o2 &
Aete Bwubat Aurzze] Falsle] e fidte
7102 H33lgon, Ben-Shachar 8 shAHIAZH
A& Rl A ZZFEF AT dF9s) L By
s}l 32, Somerville 5% o543} g3} o} & A71EH
o) o)xpH o2 WA FVeAS AASHATE & ATl
Ax galoA] ohE AR ARF ZHEF oA LR
o 5o et 3 zte] W A5 & 5 slrh(Table 6).
e srgut AgE YA AR =

=
()
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29 o|Abtt R Qlsle] R AP 22| F 57t
A4 72 % (septal surface)ol]l fr3t=]e] #ehalae]
(subaortic ring)7} PAIF ) Ruslgion, T 7MA B
HA o 2 Hro}Eed = 3 gt} Edwards®$} Reis 52 of
S gty gto] whet vhdEA] oA RE FH e Hd
3 P27l A] g 7}A) s 583 spectrum A Akel A wlkAY B}
= Aole}a FA3ke] I, Newfeld 59& A &85 =] 9
FAAsA X858 A5 dedata} g2 AR
£29 g ¥z HH54d o8 A AYoi=
AMAlS Bsbgdch §H9, Shore 57 FAAFE 2 3
Z9o] gle g O AR e 8, @ sHAWAFAA
&Zo) A upAlgdale] tension apparatus?] ©]AH4Ha] (ab-
normal insertion), @F B3} A7) A9} ARA AA
Z2 242 (restrictive VSD)2] 3=l 79, @ anterolat-
eral muscle bundle of Moulaert and Oppenheimer-Decker
o] vF ® AAFA T 55 dA = 3kt
I, Gomes 59L& SRl A gl Fo) moke] o]ak
Z4) (accessory flaplike tissue)e] Aleht FAAFE2E &
AEE FEE dE Rastded, & dTedAE 194
AAFA o] FupAglel 3 FAAFEE JEASH TR
Bt Ao slol o] zA] W o7t YAFS AP
sich

59 etel §AEe W A7) s Adel,
7} FAR9E S8 o sl A E9-F (tubulent jet
flow)ell oj3] AW=haAd =) ey ite] 4oz s}
o] Alated o] g ul =o) 3 A FH gL A F A F 5
o] A5 Fubglch. of 5o Ftel| - 52 dole] H]s
Aol A Fuk-go] Folr L, AUl e gt ¥
A 5 HAES AAANA BT 5 Qo). £ ATl A
= 959 @9 A5 17804 ddevt dEY
st ) Hd A 57} AlSEA] o} (Grade 1~11) hAd 3
Zolut FebAShgo] 8 A5 gde, ole &
olol| Al 7)o $&3t At AztE, Aol &
uhEl ol = glslch

JAEARE o2 Bk A7) o8] A= et
E A7 93, 54 25, 5, i), A4l R
7 EE FAA Bol g F ler, FEAML ARAle]
v AR A ZAAu Y 32 A2 S 7o) A
T o3, ol F FAkgle] 3] Alghee] £ AR
HE A$E vk A A2 A=A " A"
F 2E2 YR 75t A2 2SS o] U
ol o} ARG AzEsGA) Bol o] &5 3l
o] ZAbo|i} o)A A2 THEY] IE HEH
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7t QYatzatel PEARE foldRth AXLHAAR
= 3 23S AAH B 0L, s aete) A A,
27195 7] d59 gt 594, dr)o)gkr| o A
229 d59 249 v]$(LVOT/A0)e 7o} A4
A 39 9 AA A T JFH e AR S5 v 9
v] (h/n)= FAAFEZ 3R A} vl @A o 9l7] o &
A Az A £F A7) F4 FFAE de o) 4
=3 gloh

A2} Al A= FAIA T o) 59 Ale] o] &) Het
AAE & A AxGeZA e Are) S/ A
FH71 8 & A3t = 9loh B AFAE f3E F114]
22 83 AR e FAAFEE 5 AR v
£o] wlaA vlH A TS £ 5 Ak (Table 3, 4)
F&o] Ae20 2E Newfeld 59 HAA &2 $57)
A A} 7} 40mmHg o1 o), Wright 59& 12 4
7130] SIAV 124 o]zl AolellA HstAARA 7}
30mmHg °] Ak uf E3te Aol eldsicta 3lg.ont,
Somerville 5" A= & FA], gt A Ao FA o)
Fsle Ao] wpErAsltla Fasl9ir). Shem-Tov 5%
2 A A 7L 50mmHg ©]3kQ] #ALE A7 343 A
I HGAAA o BAIGle] s w3l FEHFel o3t
P FEo] BAFTE R E sl d o)l A ALA
7F 80 AA R 4 ¢ ks A S R E
E ATy AAES At A YA FA Y
o] E3l= AS Ao dgon, TS ZE
23 g 2e) g A4S FA RS FEFo] B
317 Aol AFEo] g A= ATeES APl

SeEuH 0 2 Moses 598 T AEo wiabz
2e] kAR Ao g FE3A Bdy fEFal A
= A AP} dE3uste] =3 4b¢l< (apicoaortic
conduit implantation)e]v}, P59 & (aortic annulus)] &
o] BEEE 497 7] w i A FEE e
& 50744 A3 < (aortoventriculoplasty)’™ Vo] =
a3ty 343, Cain 578 AZATE A Azt
36 % oA AFEAFS st o Gz A A}
A A AZAA L ( myectomy)S HP g A 20%
ol A Ay 2EFo] WA sle, AEgo] A= A
T oA 3] Ago] Fa, AL Aol HEH AN
Ay & A3 7o) Eoha Akl ey Wrig-
ht 598 wtzAe) shAARA £F g A}
20mmHg ©)3}Yd v AE-& B x| E3cial 3|37, Ashraf
5P AT A& WYL ol Fol FA7} glon stk
2 o] 2R AA7F F 83 AL sl kA AHA|

Bl 9
X 2y

7} B
FHAMFES BEISe N @

7t A E ol AFTF4] 0] Al o F Wt
o] otglE|e] R4 2o AeEo] B}

3 "k & A7 A AR A g33o) AS
dl& zA Y AAR Al st L A28 FAFedA
AF2A3 ATAAES Aldste] A a0 A
Z+ 194 A3t Eg o] I, By 33l
A 78%F 28 ASEAEE A AskH A e R sEl=
W3 Konno &g Aldstddedl, A2dAe A3t
285 18 &3 2] AP (> 60mmHg), 54 %
He R T P Fe] FutEe] Alpee] HAZ A
ola vy 7], 18 A=A FAA U 4 WPW S5+
o] A3le A olle 2 AW glck. W3 Konno $°&
< AT S F 1EE o3 AYA R Al A, 19
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