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S Two-dlmendqnal echocardlography is Increaslngiy ‘.
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Two-Dlmensmnal Echocardlographlc Aortlc Root
Dlmensmns in Normal Chlldren and Adults
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and the Marfan syndome. Aortic root dilatation Is

,me«ﬁy Adeuc‘led by nomograms based on M-

ters mouured by 2-dimensional eehocardiography .
at the anulus, sinuses of Valsalva, supra- -

"norﬂcddgonndproxhnalawendlngamln 135 -

normal adults and 52 nofmial children were com- -
pmdw%axe,gender,bodyhabihs -blood pres-

‘sure and stroke vohumie, and with M-mode findings
“and normal Bmits, Two—dimemlonal measuremefits
‘at the sinuses of Valsalva were larger than M-mode
aortic root vakies (p <0.001), aind use of 2-dimen- -
‘sional values with M-mode’ nomograms falsely' di-

amoud‘uorﬂc dilatation Indﬂ%ofnonndchlldwn
‘and 19% of normal aduits), Two-dlmehdonal mea-

_mmnhdﬂtedmmdou!yeomlﬂedwhh
o u'bodyulfacemalndﬂldren(r-odh,p<
; L 0.0005), modcralely in aduits younger lhan 40

0.71, p <0.0005) and. weakly in.

;-‘:I‘dcrlnﬁseneedaorﬁcroolshnatnﬂlevm(p

‘dexed for body surface area. Age strongly Infiu- '~
‘enced suprasortic ridge and ascending aortic dlam-
eters,bloodprésmandsﬁokevokunehadnoln- N

" In conclusion; (1) z-dlmenslonal ’echocardlo»

.lgmphlc ‘aortic root: dimondons are Influenced by
‘age and body stze but not by blood pressure; (2)

sortic root dilatation is.overdiagnosed when aorﬂc

-diameter at the sinuses of Valsalva is compared .
‘with M-mode nomograms- 3y nomograms compar- :

lngaoﬂicdlaxmterwhhbodysmfmmashould
be used In children; and(d)a!ﬂwu@uuoinomo- .

‘gram:basedonbodysiulnadulh:houldmaxl-

mlzelcnslﬁvﬁyforaorﬁcdi!atauon,ss%speciﬁc

iﬂy!saﬂalﬂedbyu:eofanwpernormalnmuof S

.1'cm/m? for aortic diamefer at !he ﬂnum of-

, alsalva In both men and women. -

'(Am 3 Cardiol 198§-64 507-512)

‘

izes the aortic root and.is intreasingly .used to .

. Tw&dimensidnal echocardiography readily visual-

5 measure aortic dimensions. Dilatation extending .
! above the sinuses of Valsalva to mvo}\?c the supraaortic:

ridge has been shown to be of prognostxc significance’in

" .both aortic ' regurgitation and - in thé - Marfan Jsyn= -

\ .
drome.!-3 Howevcr, partmon values and nomograms -

standardly used to detect aortic dilatation by echocardi= . - -
“ography in children and adults are based on M-mode’. .
_data#6" Available - 2-dimensional  echocardiographic .-
.. 'studies of normal subjects are limited by small sample, BRI
‘size”® and incomplete measurements.”® Hence, we com- -

pared aortic root dimensions measured by 2-dimension-

« al echocardiography at 4 levels from the valve anulus to’

. the ascending aorta in a large populahon of normal’ m-"-’--
fan ,\chxldren and adults:with age, gender, indexes of - = -
“body size; blood pressure and stroke volume, and to M- @ " -
mode echocardxographnc dimensions. Nomograms and -+
' partition values for upper normal limits of- 2-dimension-- -

al echocardlographxc aort\xc mcasurements are prcsent— Lo

ME‘THODS N

"ed.

¢ ‘Subjects: Thc study populatxon consnsted of 52 nor- - Ll
mal infants and children, and:135 normal adults. studied - 7
in the Pédiatric and Adult Echocardiography Laborato- .
-ties af the New York: HospxtaI-Comcll Medical Center,

The 28 boys and 24 girls ranged in age, from f month to' -

15 years (mean 9 £'5 years), Body surface area ranged )
_from 0.18 to 1.99 m2 (mean 1.11 + 0.44). The clinical . -
,rccords and: echocardlograms were reviewed by a pcdl-- -

- atric cardiologist to verify normality. In most instinces,

echocardlograms had been performed to exclude. forms .

~ of congenital heart disease. The normal adulf popula-

" tion consisted of 68 men and 67 women from 20 to 74~ _ °

years of age (mean 43 & 15). Body surface'area ranged
from 1.29 to 2.40 n;z (mean'1.85 +.0.22), and was sig-
nificantly greater in'men (1.99°% 0.15 vs 1.70 + 0.16 -

" m?, p <0.001).Blood. pressure was detérmined in all

adults by cuff. sphygmomanometry in the supine posi- - :

txon after cchocardlography Kverage pressurmc “were
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vnews showmg the largest aortxc dxameters Aomc root‘

Two-mm_m‘sm"NAL zcnocmmounmic Aormc ROOT DIMENSIONS . 1o

B, !“‘

“,

TABLEI Relatlon of Aortic Root Dlameters to Age Body Habhus and Hemodynamlc Vatiables in Aduits by Univariate Analysis :

i
Sinuses of

- Vaisaba

Proximal
Ascending -
Aorta

. Supraaoruc

Vo

© pvalue'

" r¥alie o p Value '

’pVasue L orvaids . pVaue/

.
\

NS Y
. <0.0005
- <0.0005

<0.0005

<0.005
<005
- <005

" <0.005

CAge Ll TN
Bodys'urfaoéarea"‘ >
" Relgt y.= o
\\.Welgi'f(‘s( LA
Bodymass!ndex ket
Systotic‘b(obdpressure A
. Diastdlic Blodd pressure
Stroke v&ume

<0005 |
- <QD005 |

: éo??)o‘oan 087,
£0.0005

. <0,0005° . .0

. <0.0005 - "
<0.05
<0.01

+<0.005

.. 4<0.005-

- <0,0005
- <005 .
! <0001 .
R (' ¥ <0.005
s Cs <005,

NS-m}s@vﬂca?L

R

: i 14/477 4@‘9 mm. Hg, with no difference between
oy memahd womén +The normal adults were members of a

measuremcnts were also m’ade in short»axxs views at thc

_level of the valve leaflets, T e

» B lthy, employed populatxon, and’ unaffcctcd refatives -

- spouses ‘of 'patients  evaluated. in_ongoing family

es of rmtral prolapse and the Marfan syndromc 10- -
‘mass index (weight in-kg/[height in m2]) wask ‘

\ilafed in adults as an index of obesity.!? -
raphy: Echocardxograms ‘were per-

formed in’ the left decubitus posmon by an expenenoed,'

.tcchnologxst M-mode tracings wete obtained in adults |
“using. 2-dimiensional guxdance Up to 6 cycles of the aor-

“tic root 2nd left ventricle were‘marked on'M-mode trac-’ .

ings acoorduig to the recommendations of the American
Sociefy of Echocardiography,'. and measured and aver-
aged using’a’ commercially ' available digitizing tablet.
“Left ventricular stroke volume was.calculated using the’
-Teichholz correction, '’ a. ‘method validated by.compari-
" 'son-with invasive: measurements.'é Using-a  Diasonics

..CardioRevite . Center . (Dxasomcﬁ, Inc ); -2-dimensional "
measurements of the aortic root,were made at end-dias-

~-.tole in parastemal long-axis views/af
- (defined : cchmrdxographxcally-as the ‘hinge points™ -of
- the aortic cusps);-(2) sinuses of -Valsalya; (3) supra-
‘aortic ndge and (4) prox1mal ascendirnig aorta! (Figure -
1) ‘Measurements were made’ perpendicular to the long -
“axis’ of the aorta‘ ‘using- the!ledding edge: techmque in”

f FIGURE 1. Laft, mmucm.ummuw.orucmunum*
X 2-dimetisional parsstermal fong-axis view. Measurements:

were obtalned at d levels, Including the anulus, o of Vb © &

,.'f wva,muorﬁcﬂdgemd proximal ascending aoris. nght,
. meastrements were made perpendicuiar to the long axis of
memﬂnmedsctgdm Ao==aorh LA=_\

EF0OFr8oad

1{°4 Jevels:i(1)-anulus -

‘Statistical analyses: Mean values are préscnted thh
1 standard deviation as the index of dispersion and were

compared using the unpaired Student 1 test. The rela-;
tion between continuous variables, was tested by linéar” -
“" regression analysis. Independeénice of .relation was deter-

“rined by stepwise multiple linear regression: ‘Approxi- -

mately 95% normal confidence limits w’erc derived as 2

00005 |

.

s

standard errors of the estimate"for. aomc root dimgn- .
sions above and below the regressionline of the Variable

with body size.: For the'relations’ between aomc ‘diame-
s ter ‘at the sinuses of; Valsalva and su raaomc ridge. (Fig:
“ures 2 to 5),these confidence interve

of 359 (97%) of datapoints, whereas: only"2 of 359 .
, (0 6%) of normal valu&s fell abovc normal hmxts '

'/RESULTS "\’ L o

* Comparison of M-mode and 2-¢ﬂmenslonal values: T
Highly.- significant’ relations ‘were found ‘between M-
‘mode “values ‘and" 2—dxmensmnal measurements. (p 0

(Y

- <0, 0005 for all comparisons). in the parasternal long-

* multivariate analyses, body. surface area was the only '*
independent predictor of “aortic dimensions. Age, body ..~ -
surface area and aomc root dxmensxons at each lcvcl

-axis view at'the level'of the anulis {r = 0.60), sinuses of ... . §
0.83)," supraaortic ridge (r-= 0.74) and ' ‘
”prommal asceénding aorta (r'= 0.69),as well as.in the
short-axis measurements at the level of the dortic valve -
v =:0:80). Nonethelcss, 2-dimensional -méasurements o
i were, ‘systematically larger than those made by M-mode . .-
1 échocardiography (3.17 £ 0.39 ‘at the sinuses of Valsal- . -
"va, and 3.09 % 0.42 cm on short axis vs 2.98 +039cm-
" by M-mode, p <0.001 and p <0.05, respectively). Use
of standard M-mode: nomograms“5 to ‘compare. aortic ~ .
root dimension at the sinuses of Valsalva with body sur-. " §
 face area fesulted in false positive diagnoses of aortic . ;. §
dilatation in 21 of. 52 (40%) normal chﬂdren and 25 of

Valsalva (r. =

135 (19%) normal adults.

s encompassed, 350"

 Aortic root dimeisions ln cfﬂldren Aomc dlmcn—
sions at -all levelsifi infants and ‘children correlated . - |
closely with both age (r = 0.87 t6 0.90, p <0.0005)and " -

body surface area (r = 0.90 to 0.93, p:<0: 0005). In’

. RE] RN RN
N . : e




. ‘and the relations among these variables were similarin Valsalva whereas agc most strongly mﬂuenccd su- -
£ boys and.girls, The individual data points and nomo- ' praaortic ‘ridge and proximal ascending aortic dlameters';
- gramsrelating body surface aréa to aortic root diame~  (Table 1I). Blood pressure and stroke volume had no . -
" ters at the sinuses of Valsalva and the supraaomc rldge ‘ mdcpendent effect o aortic size at dany level. Use'of
~74. = are shown in Figures 2 and 3. " body mass “index ‘and height ‘as independent indexes of "
. . -Aoytle root dimenslons In. adulis: Two—d;mensxonal,‘. body size in multivariate anals}ses revealed that height’
;L aortic diameters in- adults correlated strongly, with age, Wwas more closely related to aortic dimensions; although
*+ . body surface area, hcxght and wclght and less \wcll with it did not improve the univariate relations between body
«hcmodynamxc ‘parameters, that is, systolic and didstolic  surface area* and, aortic' root diameter; in addmonalf
L blood " pressures ‘and stroke - volume (Table -I). Aortic  analyses, aortic’ diameter was more closely related'it
- anular diameter correlated most. closely with body sur- " height than weight at a|l levels except the valve’ anulus. o
. face area and with cardiac pump performance, as mea- - The influence of Age on the refation of body surface” <
*., sured by left ventricular stroke volume, whereas asccnd- - ‘area. fo normal limits for aortic diameter at the sinuses ~ *
~ing aortic ‘diameter related most ‘closely-to age, and = of Valsalva and supraaortic, ridge is shown m Flgume 4 e
. nearly as closely to. systolic blood pressure as to'body- and 5. "Two-dimensional. measurements ‘at: the sinuses’
. surface area. Multivariate analysis indicated that body and supraaortic’ ndge were more strongly related to -
" surface area was the most important mdependenb deter- -~ body surface area in adults younger than 40 years of = "~ °
fmmant of aortic dlameter at the aniius and smuses of age. (r = O 71 and 0. 66 respecuvely, both p <0 0005) o

N

o TR o R v N K

\',\ . 4 ‘ \. v . i
: 324 .’,‘ v :?2- . )
Y : ar¥ . ; 3 N von * |
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FIGURE 2. Left, relation of body. - gz‘q_ o 2 '
_surface area to sortic root diameter - |: 2 . - =
- ) o g \ B4
“at the sleuses of Vaisalva in normal ‘._;z 22f VL e g 2?
infants and children. Right, 85% =~ | . e ‘ 5 20
. normial cnfidence Brmits for sortic . | 4.7~ T - _
" root tiaineter st the siuses of V- | '8 o[ .0 D TENEN NS |
- salva In relation to body surface A IR e ;
1 aroa i infants and children. - - -0 | e e 0 ) e :
. __"“ DR : L . K [P o te - ’,' . ) T ' & Y
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St S O L VI Y ’ ]
- \‘ ; 281 }
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\ . b 1307 o0x
S s v A0 24L 15559.8 7, .
- - . p<O.0003 = -
' Y V- o2k [l
HGURElLoR,nhﬁoanody 5 B &
}n.hum!omﬁemo(damem & e e = & ;
st the suprasortic ridge innormak, - - [ < g . < i
‘It mnd children. Right, 95% 2 : =3
‘normal confidence Bmits for adrtic - B iep . B
7 root dameter at the suprascetic : gm o . ‘ ]
: 1>v,.rldzohrdaﬂontobodynhface & | . .. . 3
t\_mhln!uthlnddﬂdmn 12h . 5
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|‘Analysis*

Andus -~ BSA - . 45 067 . 1087

TABLEN Relétlon of Aortic Diameters to Age Body Habitus
.and Hemodynamlc Parameters In Adu!ts by Mult variate

S Lo Percent
Leve!oMorta.j Variable - Contribution _Multipler FValue

CAge " 069

. o M . 071
. Sinuses of Valsalva ~ BSA : .. 048
Co T Age . 0.63
) LA Welght 066
Supraaorticridge - Age . . 0.44

N o0 BSAL - 061
STl L BMIT : 0.63
Proximal ascending  :Age ‘ e 0.57
R ‘BSA de7

* Additionsl vartablo:,ma( did not contributa Independently to predictive modets for
mmw sl my tevel were syslo!k: and dlaslohc b plessuro stroke volumo

\

w\
bodymasshde\(BSA bodysudacearea *

fthan in older adults (r = 0. 40 and 0.38, respectxve!y,
“both p £0.0005). TR

B

EXE ‘-\.

N

‘ Aomc«root dxameters were - greater in men ‘than .

-women at all levels (p <0.001), but similar when in-
“dexed by body surface area (Table I1T). The sex-specific .
upper noral limits of 2-dimensional aortic root diame- ",
ters:are. listed in ‘TablerIV. These partition values. for.
“absolute’ and\mdexed dimensions ‘had -high ,specnﬁcxty

(96 to: 100%) at all levels in both men and women: Val-

;-\uec are not presented for the proxnmal ascendmg dorta
in vxew of the stnkmg age dependence of thxs measure—‘

Relaﬁon of rool dlmenslom to anular slze- In vxew‘

of the apparent importance of supraaortic ridge enlarge-- -
ment in govemmg the seventy of aomc root dxsease and

"its comphcatxons ’/3 we’ determmed the sratios - of
* supraaortic ridge and sihuses of Valsalva.to anular di-.

ameters. The ratio’of sinus of Valsalva diameter to anu-
lar diameter (1.3/4 0.1)"was identical in children and .
adults and independent of gender, although there was a

weak correlation: between this ratio and age in adults (r -~

= 038, p <0 0005). The ratio of supraaomc ridge to

« anular diameter was identical in adult-men and women

(1.1°% 0.1) and somewhat smaller in chﬂdren (1.0 £

0.1); this ratio also was related to age among adults (r :

= 0.40, p <0.0005). Blood pressure and body mass in-
dex bore no mdependent relatlon to- exther ratlo ‘

D!SCUSSION
The present study: provxdes systemahc detalled 2-d1—

mensional echocard:ographxc measurements of the aor-

tic'root in a large poptlation of normal children and '
adults, and clarifies the relative influences of gender,
age, body size and hemodynamic, factors on aortic root -
size. Although: gender, blood pressure and stroke vol-

ume are mgmﬁcant correlates of aortic root.dimensions, -

“body size and age appear to be the primary mdependent
"\ determinants’of dortic size in normal persons. Body size’
1s the predominant determinant of aortic anular and si-
“nus of Valsalva diameters, whereas age is the more im-
_portant- predictor ‘of supraaortic ridge and .ascending ..
“aortic ‘dimensions. In contrast to our fi ndmgs with re-
gard'to left ventricular mass;!? obesity, as measured by

body mass index, was only weakly related to aortic'size.. .

The\xmpact of ‘age on aortic size, particularly: of the -
supraaox‘txchc ndge and proximal ascending’ aorta, has.
‘been established in pathologic studies!® and prcsumably
reflects” the development of cystic medial ‘necrosis’and
fragmentatmn of elastin fibers as part of the agmg pro--.
. Cess. 1924 The progresswe ‘weakening with age of the re-"

Iatxon beiwcen\body size and aortic dxmensmns we have ©

Res
LN
oF

y

?

A",S)nuses of"\/dlsc!_val(cm)f:._ : -

Supr“o—c‘exti:c_ ‘r_idb'e {cm)

e

. £
. N
ynl05~OSJx \(

l\n

. dence Bmits for aortic root diameter
: at the sinises of Valsalva in relation -
" to body surface area In adults youn-:
.gcrlhantwyamofaxe.mgm, :
. aocﬂcrootdlunetcralﬂw A

furfaeomhadtﬂkmderﬂaage
mwym~-~ A

i

RO SPRA PR )
16 . 18 - 20 22 24
‘Body surface area (m?)

HIAE L= To IR AR =R

FIGURE 4. Left, 85% normal confl- .3 '

‘maaorﬂcddgchrehﬂontobedy
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» years of age and older. Right, 95%

. TABLE il Gender Differences. in Aortic Root Dimensions in Adul&s

b1 Pbsolute Values (cm) T

" Indexed Values (em/m?) - <

Men ‘ p'VaIue;

1
Men pValue. -

Anulus PRI - 2603 <0.001 . :

Slnuses of Valsafva ‘ 34403 <0.001

»Supraaom% ridge . 28403 - <0.001
oximal ascending aona 3004 <0.001

NS-nol significant.

N
~

documented is currently lmexplamed but it is attractive
‘to speculate that in middle and older age body wexght

~ly from that durmg the years when Zortic size was pro-
grammed, and 'that_subclinical degenerativé processes

altering aortic composmon and distensibility may occur |

in_some but not ‘other persons.. The, lack of an indepen-
dent impact of systohc or diastolic‘blood pressure within

.the normal range in the current study is consistent with -

fevious reports showing no difference’in aortic root size

‘between hypertensive and normotensive adults of simi- .

lar age.!.2021 Body surface aréa strongly influenced aor-

¢ root size at all levels, partncularly\m chlldren, which .
a8 consistent - with previous: studies. usmg M—modc

echocardiography. 522 | = )

The ‘use of 2-dimensional rather than M mode echo—
cardiography to assess aortic root;size and, morphology
offers ‘clear: advantages for ‘both t&chmcal and clinical
_reasons. The.2-dimensional- parastemal long-axis view
allows® full - vxsuahzatxon -of { thej_entire  aortic root
throughout the cardiac cycle. M-n ode aortic root mea-
surements at.the level where aortic ‘valve opening is vi-

‘ sualized predxctably ‘correlate  best’ with “2-dimensional” -

. s ‘
. (and hence body surface area) may deviate progr&ssxve-' - | Aortic Root Dimensions In Adutts

\ . .

Sde ' . ‘ . i

TABLE IV Sex-Specific Criteria for Upper Norma| L|m|ts of‘ ‘

Mep : ‘ Wome\\

- Abso!u!e_ Indexed, Absolute\ Indexed

 (em) femi/m?)  (cm)

Aem/m?) 1 E

Anulus (%) - 31(97) 16(100) 26(97) - 16(100)
Sinusesof Valsalva (%)  4.0(99)  2.1(99) . 3.6(96) 2\1 ©7)

‘Supraaortic ridge (%) 35(97) ‘1:9’(98); 3.2(100) . 19\(97)

~= Specificity of eachi criterion among normal adults |s gives in paremhf:ses \

temancally lowcr than-2- dxmcnsxona! mcasuremcms\by L

e

a mean'of 2 mm. This probably is due to the motion o

~ the base of the heart toward the apex during left ven-\ =
. tricular ejection followed by recoil superiorly during.
. vcnmcular filling causmg a cursor beam travetsing the
. sinuses of ‘Valsalva in mid-systole to pass closer, to-the -
"dortic amilus by end-diastole. ‘This cyclic shift between

the sinuses of Valsalva and the aortic anulus resuits’ in -

' understatement of aortic root size at end- diastole on -
" dependent. M-mode tracings or M-mode tracings taken .

from. 2-dimensional short-axis views. Thus, the g.,orma!-

: 1ty of 2-d1mensmnal aortlc root measurements must be:-

.J,\
K3

. mcasuremcnts at. the smuscs of /Valsalva but arc sys«‘

FIGURE 5. Loﬂ, ss%nommlconﬁﬁ
‘dence Bmits for aortic root dlameter
nmm«vw.hnhum.g
to body srface area in adults 40

: s'inUSéé' of \{clsolvq fem)-

e ;- 192 + 074x

SE Q, 33
Sors0.38N
. pe0:0005y;

I
16 18

Y

PR WU PO L e .
L 200 22 24 14,16 .18 zo 22 .24
Body surface brec (m '

Body surfcce arec (m? )
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o ass&csed usm!g 2+ dxmensronally dcnved norma] hmrts 1f B

" measurements lies in the recently recognized adverse

false posxhvc diagnoses of aortic root dxlatatron, as oc-
curred in 40% of normal children and 19% of normal
adults in'the present study, are to be avoided..

The clinical’ 1mportancc of 2-dimensional ,acmc root’

-prognostic significance of dilatation cxtendang above the.

"“-"smusas of Valsalva to] the supraaortic ridge.: Patients® .

" without the Marfan Syndrome but Wwith’ thxé %enerahzed

“aoriic ‘root dnlatatron a3 a ‘cause of aorticregurgitation -
have more sévere left vemncular drlatauon hypertrophy
and- dysfunctxon and are- more- likely; to'requm: aortic

surgery . than are patlents with aortic regurgitation due

: to valvular:disease.or localized Zortic root dilatation.! A¥

- Rzrznsncss

F#

“similar: mcreased Tikelihood of: aortic. complications has
: ‘been. noted ‘in ‘Karfan patients with géneralized aortic

root drlatatnon.? Guiney. etral2 found: faster-clinical pro-
grmsron in patrents with aortic. regurgxtahon due tb non
inflammatory’ ‘aoftic root ‘disedse’ than 'in .those: with:
rheumatic valvular, disease. These. observatnons lxkely re-;
flect the xmportance of aortic diameter at the supraaor-.
tic: ndge, the ‘point' of commi’ssural/msertmn, in deter-
mining the extent of- drsruptxon “of Teafle ”coapta’non and
hence the likelihood and 'severity of jaortic regurgltatlon.
Evaluation“of. the ratio 'of supraaomc ridge o’ ‘

may- “allow -more. precise. xdcnuﬁcatlon of patients: at
greatest risk for comphcatxons than- provrded by simple ;
classification of aortic root dilatation as generalized of

localized to the sinuses’of Vafsalva: It is-also possible

that cnlargemcnt of the. supraaortic: ndge may. contrib- .
uté to the increased frequency, of aortic’ regurgltatxon m
eldcrly pahents” by dlstomng /valvc gcometry Y
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