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Normal Values of Cardiac Structures and Great Vessels in Children:
Review of the Literature and Comparisons with Normal Values
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Background: We measured cardiac size in children and compared the values with normative data. During the past three decades,
many normal values obtained at angiography, echocardiography, and autopsy have been reported in the literature. Because each
pediatric cardiac center uses different normal values, it isimportant to clarify the differences in equations. The aim of this study
was to present and compare the normal values used in cardiac centersin Japan.

M ethods: We collected regression equations reported in major journals and from affiliates in Japan, and analyzed the differences
between normal equations.

Results: Sixty-four normal regression equations for 16 cardiac structures were analyzed. Methods of measurement, selection of
normal objects, and mathematical functions used in regression were the major causes of differences.

Conclusions: In utilizing normal values from the literature, it isimportant to analyze the methods used in the original studies, and
to compare the values with clinical data.
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Table 1-1
Method of . . -
measurement Author Regression equations predictive of normal values Reference
UCG Gutgesell et al. Y=37.75 + 12.88 x LN (BSA) 1)
UCG Henry et al. Y=45.2 x BSA®® - 6.6 2)
Left ventricular UCG Ueda et al. Y=40 x BSA*4 3)
dimension . _
. . UCG Seguchi et al. Y=35.1 x LOG (BSA) + 40.8 4)
in diastole:
LVDd (mm) UCG Pearlman et al. Y=27.66 x BSA%47® 5)
UCG Aotsuka et al. Y=41 x BSA"*3 6)
UCG Kampmann etal. Y=38.537 x BSA%4500 7)
Left ventricular UCG Pearlman et al. Y=12.623 x BSA?9%® 5)
end-diastolic
area: LVEDA (cm?) UCG Aotsuka et al. Y=14.6 x BSA®8° 6)
= 2
Left ventricular UcG Henry et al. Y=6.6 x BSA%? + 0.9 2)
posterior walll UcG Seguchi et al. Y=4.1 x LOG (BSA) +6.1 4)
thickness in diastole:  UcG Aotsuka et al. Y=6.8 x BSA42 6)
LVPWTd (mm) ucG Kampmann etal. Y=6.0963 x BSAC8 7
Thickness of UCG Henry et al. Y=6.4 x BSAW? +1.1 2)
interventricular
septum: IVS (mm) UCG Kampmann etal. Y=5.8055 x BSA?368 7)
Angiography Nakazawa etal.  Y=72.5 x BSAM® 8)
H = 1.29
Left ventricular Angiography Nakano et al. Y=71.3 x BSA 9)
end-diastolic Angiography Akiba et al. Y=104.3 x BSA!®* 10)
volume: Angiography Kishimoto et al. Y=79.8 x BSA}* 11)
LVEDV (ml) Angiography Sano et al. Y=73 x BSA'® 12)
UCG Aotsuka et al. Y=69.4 x BSA%* 6)
Angiography Graham et al. Y=89.5 xBSA-1.5 13)
. Angiography Nakano et al. Y=36.7 x BSA + 36.7 14)
Left ventricular . . 152
mass (g) Angiography Akiba et al. Y=68.5 x BSA* 15)
UCG Daniels et al. Y=70.4 x BSA (male) 16)
Y=60.7 x BSA (female)

) ) Angiograph Nakazawa etal.  Y=75.1 x BSA!*® 8
Right ventricular g! graphy zaw )
end-diastolic Angiography Nakano et al. Y=67.3 x BSA*® 9)
volume: Angiography Akiba et al. Y=109.7 x BSA68 10)
RVEDV (ml) Angiography Kishimoto etal.  Y=96.8 x BSA* 11)
Left atrial Angiography Graham et al. Y=45.6 x BSA - 6.0 13)
volume (ml) Angiography Nakano et al. Y=41.7 x BSAL% 9)
Right atrial Angiography Graham et al. Y=54.6 x BSA?%® 17)
volume (ml) Angiography Nakano et al. Y=63.1 x BSAM3 9)

Angiography Sievers et al. Y=18.7 x BSA%422 18)
Diameter of Angiography Kishimoto etal.  Y=16.6 x BSA%%° 11)
aortic valve uce Daubeney etal.  Y=16.79 x BSA%53 19)
(mm) Autopsy Rowlatt et al. Y=((-9.6678 + LOG (BSA x 10000 )x 3.5109) x 10)/3.14  20)
Donated hearts Capps et al. Y=16.09 x BSA%4727 21)
Angiography Sievers et al. Y=18.3 x BSA%416 18)
Diameter of Angiography Kishimoto et al. Y=16.5 x BSA0.45 11)
pulmonic UCG Daubeney etal.  Y=18.90 x BSA®5028 19)
valve (mm) Autopsy Rowlatt et al. Y=((-9.5431 + LOG (BSA x 10000) x 3.5869) x 10)/3.14  20)
Donated hearts Capps et al. Y=18.65 x BSA0#483 21)
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Table 1-2
Method of . . -
measurement Author Regression equations predictive of normal values Reference
Angiography Kishimoto etal.  Y=24.3 x BSA*#* 11)
UCG King et al. Y=23.9 + 8.56 x LN (BSA) (anteroposterior) 22)
Diameter of Y=32.3+12.47 xLN (BSA) (Iateral)
mitral ucG Aotsuka et al. Y=22.9 x BSA** (lateral(] 6)
valve (mm) _ 0.5022 .
UcG Daubeney etal. Y=25.72 x BSA" (anteroposterior)
Y=26.25 x BSA%48 (|ateral) 19)
Autopsy Rowlatt et al. Y=((-11.9292 + LOG (BSA x 10000) x 4.5644) x 10)/3.14 20)
Angiography Kishimoto etal.  Y=31.1 x BSA®%¢ 11)
Diameter of ucG King et al. Y=32.4 +12.29 x LN (BSA) 22)
tricuspid UCG Aotsuka et al. Y=22.4 x BSA** 6)
valve (mm) UCG Daubeney etal.  Y=29.56 x BSA"494 19)
Autopsy Rowilatt et al. Y=((-16.117 + LOG (BSA x 10000) x 5.9802) x 10)/3.14 20)
Angiography Sievers et al. Y=21.0 x BSA?5%© 18)
UcG Snider et al. Y= -0.0427 + 14.54 x BSA®? (suprasternal long-axis view) 23)
Diameter of Y=1.41 + 17.58 x BSA®? (parasternal short axis view)
ascending UCG Ichida et al. Y=0.84 + 19.44 x BSAY? (parasternal long axis view)  24)
aorta (mm) Y=1.53 + 19.58 x BSA®? (parasternal short axis view)
UCG Aotsuka et al. Y=15.6 x BSA%4® 6)
UCG Daubeney etal.  Y=17.19 x BSA?54° 19)
Angiography Sievers et al. Y=23.4 x BSAL44%5 18)
Diameter of main UCG Snider et al. Y=0.946 + 15.44 x BSA’® 23)
pulmonary artery UcG Ichida et al. Y=0.31 + 22.58 x BSAW? (parasternal long axis view) 24)
(mm) Y=1.08 + 19.69 x BSAY? (parasternal short axis view)
UCG Daubeney et al.  Y=1.8344 x BSA%4%4 19)
Pulmonary Angiography Nakata et al. 330 + 30 25)
artery index . )
(Nakata index) Angiography Akiba et al. 307 + 34 26)
BSA: body surface area (m?), UCG: ultrasonic cardiography
LOG: common logarithmLN: natural logarithm
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Fig. 1 Relation between left ventricular end-diastolic dimen- Fig. 2 Relation between left ventricular posterior wall thickness

sion (LVDd) and body surface area.

in diastole (LVPWTd) and body surface area.
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Fig. 3

A Relation between calculated left ventricular end-diastolic volume (LVVo) and body surface area.
B Relation between % normal value of calculated left ventricular end-diastolic volume (LVVo0) and body surface area, the
LVVo of which is estimated as 100% of normal by Nakazawa’'s normal equation.

Table 200 Comparison of various methods for calculating left ventricular end-diastolic volumes

Akiba et al. Kishimoto et al. Sano et al. Nakazawa et al. Nakano et al.
Method Chapman’s Area-length Area-length Area-length Area-length
ethods method rea-leng rea-leng rea-leng rea-leng
Rearession tion® ~ Graham's Dodge's Graham's Graham's
egression equatio ) equation® equation® equation® equation®
Location of the
affiliation studied Japan Japan Japan USA Japan
Stud Number 25 pts. 37 pts. 20 pts. 87 pts. 41 pts.
u
patie)rllts Range of BSA (m?) 0.4-0.99 0.21-1.64 not described 0.13 - 1.659 0.19 - 1.50
Range of pts’ age 6 mo-6yrs1mo 1mo-67yrs 3mo-16yrs 1lday-16yrs 1mo-14yrs

a) Regression equation relating known (V') and calculated (Vo) volume

b) Graham’s equation: Vo<15 V'=0.733 x Vo Vo0>15 V'=Vo x 0.974 - 3.1

c) Dodge’s equation: V'=Vo x 0.928 - 3.8
d) Estimated based on graphs presented in the literature
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Fig. 4

A Relation between calculated right ventricular end-diastolic volume (RVVo0) and body surface area.
B Relation between calculated right ventricular % of normal value (RVVo0) and body surface area, the RVVo of which is
estimated as 100% of normal by Nakazawa’'s normal equation.

Table 30 Comparison of various methods for calculating right ventricular end-diastolic volumes

Akiba et al.

Kishimoto et al.

Nakazawa et al. Nakano et al.

Simpson’s rule

Methods Simpson’s rule and area-length® Simpson’s rule Simpson’s rule
Regression equation® Shimazaki's Shimazaki's Graham’s Graham’s
equation® equation® equation? equation?

Location of the

affiliation studied Japan Japan USA Japan
Number 25 pts. 37 pts. 42 pts. 31 pts.

s;‘:gr’]ts Range of BSA (m?) 0.4-0.89 0.21-1.64 0.13 - 1.65° 0.19 - 1.42
Range of pts’ age 6 mo -6 yrs 1 mo 1 mo-67yrs 1day - 16 yrs 1mo-14yrs

a) Normal values with Simpson’s method were analyzed in this study

b) Regression equation relating known (V’) and calculated (Vo) volume

¢) Shimazaki’s equation: V'=Vo x 0.758 + 1.52
d) Graham’s equation: V'=Vo x 0.649
e) Estimated based on graphs presented in the literature
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A Relation between aortic valve diameter and body surface area.
B Relation between diameter of ascending aorta and body surface area.
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Fig. 6

A Relation between tricuspid valve diameter and body surface area.
B Relation between % of normal value of tricuspid valve diameter and body surface area, the diameter of which is estimated

as 100% of normal by Rowlatt’s normal equation.
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