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Predictors of Left Ventricular Outflow Tract Obstruction Associated
with Long-term Prognosis after Surgical Repair for Coarctation
and Interruption of Aortic Arch Complex
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Norie Mitsushita,” Masaki Nii,” Yasuhiko Tanaka,” Yasuo Ono,"” and Kisaburo Sakamoto”

Departments of "Cardiology and ?Cardiovascular Surgery, Shizuoka Children’s Hospital, Shizuoka, Japan

Background: Coarctation and interruption of the aortic arch complex is frequently complicated with left ventricular outflow
tract obstruction, affecting the results and prognosis after surgical repair.

Objectives: To clarify the predictor of left ventricular outflow tract (LVOT) that allows one-stage repair, with evaluation
from the preoperative to the long-term postoperative course.

Materials and Methods: The left ventricular outflow tract of 38 consecutive victims of coarctation and interruption of the
aortic arch with ventricular septal defect was examined by echocardiography. The relative diameter to mean normal value of
the aortic valve (%LVOT) and z-value were calculated preoperatively and one year and 3 years after surgery. Peak velocity
(Vp) of the tract was also assessed postoperatively.

Results: Preoperative %2LVOT was 38 to 95 (mean, 69.0), and z-value was —10.3 to +0.1 (mean, 4.0). One-stage repair was
undertaken with the minimal %LVOT 48, z-value —7.8 for the patients with perimembranous defect (n = 24, 63.2%), and with
the minimal %LVOT 55, z-value —6.5 for the patients with sub-arterial defect (n = 14, 36.8%), respectively. After one year,
both %LVOT and z-value were significantly increased, maintaining the growth over 3 years. After 3 years, 5 patients revealed
Vp over 2.2 m/sec, but none showed reintervention during childhood.

Conclusion: Preoperative %LVOT 2 48 and z-value =2 —7.8 were the predictors for favorable prognosis after one-stage repair.
However, for the patients with sub-arterial defect, more lenient criteria (%LVOT = 55, z-value = —6.5) are needed because the
patch sutured over the pulmonic valve makes reintervention with the Ross procedure impossible.
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Table 1 Patient characteristics

Variables No. of patients/mean value (range)
Type of arch anomaly CoA: I1AA 24 :14
Sex Male : Female 17 : 21
Morphology of aortic valve Tricuspid : Bicuspid 22:16
Location of VSD Perimembranous : Subarterial 24:14
Age at op. (days) 9.0 (2~188)
Body weight at op. (kg) 3.0 (2.0~6.2)
Genetic syndrome deletion 22q11.2 5
Holt-Oram 1

CoA: coarctation of aorta, IAA: interruption of aortic arch, VSD: ventricular septal defect
Exclusion criteria: two-stage repair due to shock on arrival and pulmonary hemorrhage
Fontan candidate due to unbalanced ventricles, etc.
transposition of great arteries and double outlet right ventricle, which were applied arterial switch

Fig. 1 Minimal diameters of LVOT are measured in long-axis cross-section during systole.
A: A 24-day-old neonate, weighing 3.3 kg, a victim of IAA and perimembranous VSD with posterior
malalignment of the conus septum. The diameter is measured as 3.6 mm across the narrowest
subaortic area (arrow). %LVOT = 50.0, z-value = -7.54. This patient underwent one-stage repair,
and 3 years later LVOT increased to %LVOT =92, z-value =-1.9, and Vp = 0.9 m/s.
B: A 7-day-old neonate, weighing 3.1 kg, a victim of IAA and sub-arterial VSD. Note complete de-
fect of the conus septum. The diameter is measured as 3.7 mm across the aortic valve annulus at
the hinge point (arrow). Minimal diameter = 3.7 mm, %LVOT = 52.0, z-value = —6.80. This patient
underwent Norwood stage | procedure, followed by successful Rastelli-type repair.
LVOT: left ventricular outflow tract, IAA: interruption of aortic arch, VSD: ventricular septal defect,
RVOT: right ventricular outflow tract, LV: left ventricle, LA: left atrium, Ao: aorta, PA: pulmonary artery
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Table 2 Assessed parameters

minimal diameter of LVOT (subaortic through aortic valve) at end-systole

%LVOT = -
mean normal value of aortic valve annulus (= 13.8 x BSAexp (0.40))
In{measured diameter} — In{mean normal value}
z-value =
root mean square error
Vp=  peak velocity at LVOT (by echocardiographic long axis cross-section) (m/sec)

LVOT: left ventricular outflow tract, BSA: body surface area
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Fig. 2 Bicuspid aortic valve in short-axis cross-section.
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Fig. 3 Preoperative parameters of the left ventricular outflow tract (LVOT).
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| p < 0.001 p=0.03 | | p < 0.001 p=0.63 |
%LVOT \ | | z-value \ | |
130 69.9 + 13.7 88.7 £ 16.7 944 + 181 -3.8+23 22 +22 -2.0+24
120
110
100
90
80
70
60
50
40
30

Pre op. Post 1 yr Post 3 yrs

Pre op.

Post 1 yr

Post 3 yrs

Fig. 4 Changes in %LVOT and z-value.
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Fig. 5 Relation between preoperative %LVOT and postoperative Vp (A), between preoperative z-value and postoperative Vp (B).

Table 3 Characteristics and follow-up of five residual LVOTO cases

Pre op. Post 1 yr Post 3 yrs
Case No.  Morphology of aortic valve ~ %LVOT Vp (m/sec) Vp (m/sec) %LVOT Most stenosed portion
Location of VSD (z-value) (PG) (mmHg) (PG) (mmHg) (z-value)
Tricuspid 74 2.5 2.0 92
! Perimembranous (-3.1) (24) (16) (-2.1) Subvalvular
Bicuspid 70 2.6 3.5 65
2 Subarterial (-3.6) (26) (50) (-7.0) Valvular
Tricuspid 56 2.7 2.6 55
8 Perimembranous (-6.0) (30) (28) (-7.6) Subvalvular
4 Tricuspid 54 2.3 2.8 87 Valvular
Perimembranous (-6.4) (21) (31) (-2.7)
5 Bicuspid 49 25 25 74 Subvalvular
Perimembranous (=7.1) (24) (25) (-4.5) (discrete AS)

VSD: ventricular septal defect, PG: pressure gradient, AS: aortic stenosis
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AP view

Lat view

Fig. 6 The only case (case No. 2) that underwent postoperative catheterization because
of residual left ventricular outflow tract obstruction (LVOTO). Manometry revealed
a 34 mmHg peak-to-peak gradient across the aortic valvular level. Note that the
upper side of the patch is sutured over the pulmonic valve annulus, closing the
subarterial, conal septal defect (arrow). Although such a case is less prone to
subaortic stenosis, the Ross procedure could not be applied in the case of pro-

gressive valvular stenosis.
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TIIBHIICHETTE D LI TELD, B
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