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Optimal Timing for Surgery in Pediatric Patients with Aortic Regurgitation:
Insights into Left Ventricular Size for the Assessment of Functional Reserve
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Background: Surgical intervention for asymptomatic aortic regurgitation (aAR) should be performed while
the left ventricular (LV) functional reserve is maintained. However, data on the optimal timing for surgery in
pediatric patients with aAR are scarce. Therefore, this study aimed to clarify the optimal timing for surgical
intervention in patients with aAR in consideration of the LV functional reserve.

Methods: Thirty-three patients with aAR who were <18 years old and underwent aortic valve repair at
Shizuoka Children’s Hospital were enrolled. We retrospectively examined their medical charts and echocardi-
ography records.

Results: For patients in whom the preoperative echocardiographic assessment of LV geometry showed either an
indexed left ventricular end-systolic dimension (ESDI) of <31 mm/m? or an indexed end-diastolic dimension
(EDDI) of <51 mm/m?, LV dimension improved to the normal range (ESDI <25 mm/m? and EDDI <40 mm/
m?) at 3 years after surgery while maintaining an LV ejection fraction (EF) of =50% in 80% and 77% of the
patients, respectively. Hazard ratios for not recovering to the normal LV geometry or EF after the surgery were as
follows: preoperative ESDI =31 mm/m? 1.60 (95% confident interval [CI]: 0.6-4.3, p=0.3), preoperative EDDI
=51mm/m?* 1.96 (95% CI: 0.6-5.2, p=0.3), preoperative EF <50%:3.37 (95% CI: 0.8-14.6, p=0.1). Death and
aortic valve reoperation were not noted during the observation period.

Conclusion: An ESDI of =31 mm/m? or EDDI =51 mm/m? can be useful indicators for determining the opti-
mal timing for surgical intervention in patients with aAR who are younger than 18 years.

Keywords: asymptomatic aortic regurgitation, indexed end-systolic dimension, indexed end-diastolic
dimension
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‘ Patients <18y underwent surgery for aAR between Jun. 2001 to Aug. 2015
n=108

_____ > Exclude 54 patients

n=45

‘ Patient after BVR without residual shunt

n=33

[Patient with echocardiography data available

! - <3y after biventricle repair (BVR) E
i - with residual shunt :
- with single ventricle
i - <6 months at surgery

________________________________________

v
Preserved function (PrF)

¥
Dysfunction sF

3 years after LVEF = 50 % and

sSurge
gery EDDI < 40 mm/m?

n=18

ESDI < 25 mm/m? and

LVEF <50 % or
ESDI = 25 mm/m? or
EDDI = 40 mm/m?
n=15

Fig. 1 Flowchart of patient’s selection

aAR: asymptomatic aortic regurgitation, BVR: biventricle repair, LVEF: left ventricle ejection fraction, ESDI: indexed
end-systolic dimension, EDDI: indexed end-diastolic dimension
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Fig. 2 Typical pre- and post-operative echocardiographic findings in the PrF and DysF

A, B) Typical pre (A) and post (B) operative left ventricle short axis view (LV-SAX) of preserved function group (PrF). 7
years old at surgery. Her indexed end-systolic dimension (ESDI) was 37.6 mm/m? before surgery improved to 15.1mm/
m? three years after surgery. Her indexed end-diastolic dimension (EDDI) and left ventricle ejection fraction (LVEF) 3
years after surgery was 28.8mm/m? and 78%, respectively. C, D) Typical pre (C) and post (D) operative LV-SAX of dys-
function group (PrF). 13 years old. His ESDI, which was 45.0mm/m? before surgery, showed inadequate improvement
at 32.1mm/m? even 3 years after surgery. His EDDI and LVEF 3 years after surgery was 37.6mm/m? and 31%, respec-

tively.
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DaiONEHEZR O L FHIC OV T A EEZ RS
7o 7z (Table 1). ESDI % & U EDDI (&1, i
% 14, it 3 EORTOREN T PrFIC L L T DysF
THREICKZE o7z, EF X, il XU 1E%ICIE
PrF & DysF THERRBED D > T2h, itk 3 5
Td DysF THEICEKD > 7z (PrF: 65% [52-82],
DysF: 57% [31-81], p=0.008). W55 L, D AR
DE| A2 HTD LVESD 3 X U LVEDD @ Z-score 1
Mt CHELEZRDIRh -7z (Table 2).

PrF & DysF O " Jf 2 M RIC/ER L 7z ROC Hhif %z
Fig. 31T/R9. itk 3 FLAIC o B HEREDS IEH A
(ESDI <25mm/m?* 7»» D EDDI <40 mm/m?* 7»» D EF
=50%) \UGHT B0 7% THIT B HfTh1 ESDI O 7%
cut-off i (X 30.7mm/m* (K £ 67%, ¥ 5 80%)

Table 1 Patient’s background

T, area under the curve (AUC) X 0.763 TH > 7z.
AR LT 5 N7zl EDDI O /s cut-off il
50.5mm/m’> (AUC 0.737) TH-o7%. TOHREEE
LT HirET ESDI 31 mm/m? 7% cut-off ffi & 3%7E L T4
33 67 2 BRI/ FE U Tz, it 3 ENRE L /2R T
KEEBENKETZEGEI LIz 5 (Fig. 4),
8 ESDI <31 mm/m?* OFF CiERPHEIC SN >
7z (p=0.003). #fiaif EDDI 51 mm/m’ % cut-off fi &
ROE LT RHCOBLIEEGE, [ABRIC, fimi EDDI
<Slmm/m’* DR CHELENGRICED > Tz (p=
0.007).

WolE S, #fiii ESDI <31 mm/m? 5 D1 EDDI
<51mm/m’> DFEITIE, 79% (11/14) THitg 3 4
¥ TICEERAENUE L, il ESDI <31 mm/m®

Total PrF DysF
p-value
n=33 n=18 n=15
male 23 (70) 10 (56) 13 (87) 0.07
age, y 10.0 (0.6-17.9) 11.8 (4.1-17.8) 8.8 (0.6-17.9) 0.03
body wieght, kg 27.2 (7.0-68.7) 36.6 (11.9-68.7) 22.0 (7.0-49.0) 0.007
height, cm 133 (66-173) 143 (92-173) 119 (66-170) 0.02
diagnosis
ASR 22 (67) 11 (61) 11 (73) >0.99
TGA 5 (15) 3(17) 2(13) >0.99
VSD 3(9) 2 (10) 1(7) >0.99
TOF 2 (6) 1(6) 1(7) >0.99
IE 1(3) 1(6) 0 (0) >0.99
bicupid AoV 12 (36) 5 (28) 7 (47) 0.3
follow-up time 9.5 (3.0-16.5) 6.7 (3.0-15.6) 11.7 (3.1-16.5) 0.1
duration from surgery to echo, months
before surgery -0.2 (-5.7-0.0) -0.2 (-4.9-0.0) -0.3 (=5.7-0.1) 0.7
1 year after surgery 10.4 (5.1-17.2) 10.7 (5.1-17.2) 9.7 (5.1-15.9) 0.2
3years after surgery 33.5 (22.6-40.0) 32.0 (22.6-39.6) 34.0 (28.8-40.0) 0.7
surgery for AR
AVP 9(27) 6 (33) 3(20) 0.5
AVR 15 (46) 9 (50) 6 (40) 0.7
Ross procedure 9(27) 3(17) 6 (40) 0.2
previous intervention
BAVP 4(12) 3(17) 1(13) 0.6
AVP 5 (15) 3(17) 1(13) >0.99
AVR 3(9) 2(11) 0 (0) >0.99
Ross procedure 4(12) 1(6) 1(13) 0.3
medication before surgery
ACE inhibitor 15 (46) 6 (33) 9 (60) 0.2
ARB 2 (6) 1(6) 1(7) >0.99
diuretics 2 (6) 0 (0) 2(13) 0.2
Ca blocker 0(0) 0 (0) 0(0) NA
Beta blocker 0 (0) 0 (0) 0 (0) NA

The data showed by number (%) or median (range). ASR: aortic regurgitation with or without aortic stenosis, TGA: transposition
of the great artery, VSD: ventricular septal defect, TOF: tetralogy of Fallot, IE: infective endocarditis, AVP: aortic valvuloplasty,
AVR: aortic valve replacement, BAVP: balloon aortic valvuloplasty, ACE: Angiotensin-converting enzyme, ARB: Angiotensin Il

receptor blocker
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Table 2 The data of transthoracic echocardiography in two groups

PrF n=18 DysF n=15 p-value
ESDI, mm/m?
pre surgery 28.1 (15.3-48.5) 40.1 (22.8-96.6) 0.02
1 year after 22.8 (18.8-32.6) 30.6 (17.5-43.8) 0.006
3 years after 20.2 (14.2-24.5) 26.7 (19.8-40.7) <0.001
EDDI, mm/m?
pre surgery 45.2 (31.0-73.0) 52.9 (36.8-114) 0.03
1 year after 33.9 (24.2-53.3) 43.9 (27.2-65.0) 0.006
3 years after 31.4 (22.1-38.7) 40.2 (25.8-55.4) 0.003
ejection fraction, %
pre surgery 63 (50-82) 57 (25-76) 0.051
1 year after 58.2 (43.9-77.0) 63 (33-70) 0.8
3 years after 65 (50-86) 57 (31-81) 0.008
Percentage of moderate and
severe AR
pre surgery 18 (100) 15 (100) >0.99
1 year after 2(11) 2 (13) >0.99
3 years after 5(28) 1(7) 0.2
LV dimention z-score presurgery
LVESD 2.39 (—1.80-4.17) 3.26 (—1.56-6.80) 0.09
LVEDD 3.63 (—0.58-6.14) 4.10 (—0.70-6.98) 0.3

The data showed by number (%) or median (range). p-values were interacted between PrF and other subgroups. ESDI: indexed
end-systolic dimension, EDDI: indexed end-systolic dimension, AR: aortic regurgitation, LVEDD: left ventricular end-systolic

dimension, LVESD: left ventricular end-systolic dimension

ESDI
1.0 4
0.8 -
>
20 1/N\
e ESDI 30.7
2 sensitivity 67 %

specificity 80 %
AUC 0.763
0.0 —ttt 1
00 02 04 06 08 1.0
1 - specificity

e
¥
:

EDDI
1.0 +
0.8 A1
>
£os 1,71\
G EDDI 50.5
04 A
§ sensitivity 72 %
02 | specificity 80 %
' AUC 0.737
0.0 B B B E— R

00 02 04 06 08 1.0
1-specificity

Fig. 3 Receiver operating characteristic curve of ESDI and EDDI

ESDI: indexed end-systolic dimension, EDDI: indexed end-diastolic dimension, AUC: area under the curve. The cut-off
value for ESDI was 30.7 (AUC: 0.763, sensitivity 67%, specificity 80%). On the other hand, the cut-off value for EDDI

was 50.5 (AUC: 0.737, sensitivity 72%, specificity 80%).

% 7213 EDDI <51mm/m? D 1 & O ik # K 13 82%
(14/17) T2otz. ZHUCH LT, flrai ESDI =31 mm/
m? /"D EDDI =51 mm/m? D& O fr S HERE RS %R
1$25% (4/16) Ic EE o7,

iR EF %2 ESDI, EDDI HM\lii% D e R BERET 7
THL S B DOMET Tl (Table 3), #fini EF <50%
ONY— RS 3.37 (95% 58X [0.8, 14.6], p=

0.1) T, i ESDI =31 mm/m? O/ P— RHild 1.60
(95% fE5HEXH [0.6,4.3], p=03) TH-olz. Fiz,
i EDDI =51 mm/m? (3 V89— Rk 1.75 (95% 158
X[ [0.6,5.2], p=03) TH-Tz.
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A Cumulative incidence of improved LV function
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Fig. 4 The cumulative incidence of improved LV function
ESDI: indexed end-systolic dimension, EDDI: indexed end-diastolic dimension. In this study, we defined the LV function
is improved if all 3 criteria as follow was satisfied. 1) LVEF =50%, 2) ESDI <25 mm/m? and 3) EDDI <40mm/m?. A) The
cumulative incidence of improved LV function was significant higher in pre ESDI <31 mm/m? (p=0.003). B) The inci-
dence of improved LV function was significant higher in pre EDDI <51 mm/m?. (0=0.007).
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Table 3 The results of cox proportional hazard

model
HR 95% C.I. p-value
EF <50% 3.37 0.8 14.6 0.1
ESDI >31mm/m? 1.60 0.6 43 0.3
EDDI >51mm/m? 1.75 0.6 5.2 0.3

EF: ejection fraction of left ventricle, ESDI: indexed
end-systolic dimension, EDDI: indexed end-systolic dimen-
sion. HR: hazard ratio. C.l.: confidence interval
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FEBARRID KR ENVZ ik D ERERELGEE DR 5 N
LWV EHIRENTED, /MR aAR TH R Z
TFITHRINEAN AETTS T DR D BT e i
REMEFFICITEE ZEZ 5N 5.

DTSN aAR I X T % & R A EHAER O
WA 72 LMD 2 A 754DV, ThETEH
BOBRBD R ENTE . FICERNEOIL KO
JEICDOWVWTWE, REREL A S RVIEH /N & R

& LT Z-score T cut-of fliZZZEL TWVAHEDNE
{70 ZDIFEAENHANSDMETHS. L
U, WCKGEEE & PRl U TR A 75 2 AR F /NI
BOTHWCK TG X Nz Z-score Z#ZDFE FiEH TN
ENENICOVTIEMORMAH S, FEEXLVESD
*° LVEDD 7% £ D /£ % geometry I l& AN TR E 7%
END B LV S B —RITH B P, —Hick
T Majonga 513, DS AR E 2 UV TN 7%
NI XK OEFERND BN LB DTHEEE 25T
U725 36 IR LT2 A 2 7 1) & ADHT,
AL AL VT LVESD *° LVEDD Z#i1E L7256
IR I A5 AR 12 51 % ESDI & 20-25mm/m?,
% 7z EDDI 13 35-40mm/m*> TH v, AMRIC X%
FERIREL Do ERELTWVS Y. 2T TAM
BT, REHEREIC X O HE L7Z4EE (BSDI BX U
EDDD) ZRHW TN Zzi7o7z. EEITIE, A
™ ESDI <25mm/m?, EDDI <40mm/m?* 7% IF %
FE LlzDizhy, TORAEZER E U TUENICIER /N
L TOMRT/RENTIRMEM L 1T L TV,

Z D5 Z Tt ESDI % EDDI A aAR IC %9 %
NERERE O L EBREUGE 2 THIL 5 2 MET LTc
L, AME T3 ESDI 31mm/m?* % % W & EDDI
51mm/m? 7% cut-of i %52 ¢ T, BWEETYT
HIFTEETH > Tz BHIC ESDIE, JRAICHIT BHERE &
LR U T & O RSN HRIINNT A2 Lz & LT B 1fitk
FHAIC B RERENSRGE T B AREED RV T & 2R L
TWa. 20X, M aARICH LU THRA LI
W DNMAFERR T D LT, KOHEAN DL
IC aARICH T 2NFNAHRZITO TN TESD X DI
AR, EIERFMARSAORENTREE 720, £
B U4 DBIRICE T %4 COETHE D
I EICE 8BNS T LRI NS,

ARFEDORAL LT, %BARNMATHZ T &, X
KWV ETH BT &, ESDI EDDI 5 X U EF D5}
HZ 14 (TO) Tir->7=C &, ESDI EDDI D [F
ORI 2 2 8 B B A D IER /N D T — 2 2 Fiv T
WEWZ ERBHIF 5N S, ESDIX EDDI 5 K U EF
OFHINZ, EEARREEDMORERERE < A7 LIz IREE
TV, BEHDOEETAEHA U 725 HIMEZHT S R0
ZEfili 1 #4hM T Tz, ARG CTES 7z ESDI % EDDI O
IEHHFAE, WEOME & g L TkE HED Ry
TeOZYERETESTZLEZLND D, KEOIEH
INRDTF—=E2EH WS T &0, /N aAR OSEH]%
ZEBELTWLCTET, KoEDOEW cut-off (725
TTBHTEMNTEEEIIEDEhE LNEY. Fiz,
G & 5 7% o Iefiakiz FV 7z prospective study
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2175 T ETAIRIEO AN & SITHELEYS % 20 ED
H%.

=
ma on

18 A D T ot P KB IR P PASH A 42 Tld, ESDI
=31 mm/m?** EDDI =51 mm/m?* &/ ARHAZ P
5 ETHRAERICERD 5%, RADIEEEELT
RRHEN IR ARHHORE L7220, Az v
% T & Ttk & IEH 72 o SHEREDHERF X L% ATREME D
W EhRENTE.

FlEEER
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