
Introduction

Liver volume reflects the functional capacity of the
liver, and volumetry of the liver may be useful for clini-
cal examination. Since Heymsfield et al. [1] first mea-
sured liver volume by computed tomography (CT), the
liver volume in adults has been used to assess the pro-
gression of various liver diseases [2–4], for preoperative
prediction of the risk in hepatectomy [5], and for mea-
surement of liver regeneration after major hepatectomy
[6, 7]. However, there are few reports regarding the
liver volume in children. In this paper, we discuss the
normal liver volume in children as measured by means
of CT.

Patients and methods

Upper abdominal CT films of 54 children and adolescents aged
10 days to 22 years were selected. None had any history of liver dis-
ease, and CT had been performed for other clinical purpose. The
patients were divided into six groups: group I, less than 12 months
old (n = 6); group II, 13 ∼ 24 months old (n = 6); group III, 25
months to 4 years old (n = 7); group IV, 5 ∼ 9 years old (n = 10);

group V, 10 ∼ 15 years old (n = 8); group VI, more than 16 years
old (n = 17).

Serial transverse scans of the upper abdomen were taken with a
GE Hi-Speed Advantage CT unit (GE Medical Systems, Milwau-
kee, Wis.) at 0.7- to 1.0-cm intervals. The liver edges on each CT
scan image were traced on tracing paper and the area was calcu-
lated using an image analyzer, IBAS-2 (Zeiss, Germany). The ar-
eas were then summed and multiplied by the scan interval in
centimeters.

Results

The mean liver volume of each group is shown in Ta-
ble 1. Liver volume tended to increase significantly
with ageing until 15 years of age. However, no signifi-
cant difference in volume was observed between
groups V and VI. In contrast to the mean absolute liver
volume, the liver volume relative to body weight tended
to decrease with increasing age (Table 1). Liver volume
showed a positive correlation with body weight, the cor-
relation coefficient being 0.96 (Fig. 1), whereas a nega-
tive correlation was observed between the liver volume
relative to body weight and body weight itself, with a
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Abstract Liver volume was mea-
sured by computed tomography in
54 children and young adults with
no history of liver disease. Their
ages ranged from 10 days to
22 years. The volume was calculated
as follows: (1) the edges of the liver
were traced on each scan image and
the area was calculated by com-
puter; (2) the areas were summed
and multiplied by the scan interval
in centimeters. The mean liver vol-
ume (± SD) was 178.2 ± 81.9 cm3 in
infants (less than 12 months old) and

1114.3 ± 192.9 cm3 in adolescents
(more than 16 years old). The mean
liver volume in relation to body
weight (± SD) was 34.1 ± 5.5 cm3/kg
in infants and 20.2 ± 3.1 cm3/kg in
adolescents. In general, liver volume
increases rapidly in infants, gradu-
ally in schoolchildren, and not at all
in adolescents. Volumetry might be
clinically useful for evaluating the
liver function in children and deter-
mining the graft size in liver trans-
plantation.
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correlation coefficient of 0.74 (Fig. 2). Liver volume in-
creased rapidly in infants and gradually in schoolchil-
dren. The growth in liver volume was arrested in
adolescence.

A chart of standard liver volume by age was pro-
duced from our data (Fig. 3). A power function was ob-
tained as follows:
y = 112.6 x 0.401

where y is liver volume in cm3 and x is age in months.
The coefficient of interobserver variability was 3–7 %.

Discussion

Radionuclide scanning [8, 9] and ultrasound [10] are oc-
casionally used for measurements of liver volume, and
recently CT has come to be regarded as an accurate
and reproducible method [11]. The GE Hi-Speed Ad-
vantage unit records one section per second, and respi-
ratory movement greatly influences the measurement
of liver volume. At the time of scanning, older children
can be asked to hold their breath, but younger children
or infants usually require anaesthetic drugs, such as ket-
amine or diazepam. When a scan interval of 0.7–1.0 cm
is applied in a body, 10–15 slices can be obtained for
the liver. Accordingly, calculated liver volumes in each
case are generally accurate and reliable.

Liver size in children can be evaluated by palpation
of the lower edge of the liver below the right costal mar-
gin or by the distance between the upper and lower
borders of the liver as delimited by percussion and pal-
pation [12]. However, there have been no reports re-
garding definitive measurement of liver volume in
children. Measurement or prediction of liver volume in
children may be beneficial in the assessment of various
liver diseases or transplantation.

Liver volume has a relatively constant relationship to
body weight or body surface area [13], and usually ac-
counts for 2–2.7% of the body weight in adults [11]. In
infants and young children up to around 8 years old,
however, liver volume is proportionately much greater

251

Group n Mean age Liver volume
(cm3)

Liver volume/body
weight (cm3/kg)

I 6 3.2 months 178.2 ± 81.9* 34.09 ± 5.5
II 6 1 year 5.7 months 281.0 ± 51.7** 28.56 ± 5.4
III 7 3 years 4.1 months 425.9 ± 94.9* 31.83 ± 5.9
IV 10 7 years 596.5 ± 218.3** 25.42 ± 4.5
V 8 13 years 9.4 months 1024.0 ± 210.3 23.77 ± 3.9
VI 17 18 years 10 months 1114.3 ± 192.9 20.17 ± 3.1

Table 1 Mean liver volume
and liver volume relative to
body weight in each group

* P < 0.05; ** P < 0.01

Fig. 1 Relationship between liver volume and body weight (LV
liver volume; BW body weight)

Fig. 2 Relationship between liver volume relative to body weight
and body weight itself (LV/BW liver volume relative to body
weight; BW body weight)

Fig. 3 A chart of liver volume by age



than in adults. During the 1st year of life, the liver ac-
counts for approximately 5 % of the body weight, but
the proportion gradually decreases with age [14]. Our
data showed a similar tendency for liver volume relative
to body weight (Fig. 2). Liver size in infants generally in-
creases quickly, probably because the liver is adapting
to various functional demands of extrauterine life. Dur-
ing school age, body weight increases rapidly in compar-
ison with liver volume, which increases gradually with
age. In late adolescence, the liver reaches its adult vol-
ume.

Henderson et al. reported that the mean liver volume
in 11 normal adults aged 20–30 years was 1493 cm3 [11].
Although this is larger than in our group VI (1114 cm3),
the ratio of the liver volume to the body weight is nearly

identical. Although physical stature differs among races,
in children liver volume appears to be nearly the same
by age. When physical differences are considered, the
prediction of liver volume from body weight may be ap-
plicable to all ethnic groups:
y = 50.12 x0.78

where y is liver volume in cm3 and x is body weight in kg.
In pediatric liver transplantation, therefore, the opti-

mal liver size for a recipient can be predicted from his/
her age or body weight. Moreover, the size of the left he-
patic lobe or left lateral segment in donors can be esti-
mated using CT scan at the time of living related liver
transplantation [15, 16], although it differs widely
among individuals and usually does not correlate with
body weight.

252

References

1. Heymsfield SB, Fulenwider T, Nordlin-
ger B, Barlow R, Sones P, Kutner M
(1979) Accurate measurement of liver,
kidney, and spleen volume and mass by
computed axial tomography. Ann In-
tern Med 90: 185–187

2. Henderson JM, Warren WD, Millikan
WJ, Galloway JR, Kawasaki S, Stahl
RL, Hertzler G (1990) Surgical options,
hematologic evaluation, and pathologic
changes in Budd-Chiari syndrome. Am
J Surg 159: 41–50

3. Kawasaki S, Henderson JM, Hertzler G,
Galloway JR (1991) The role of contin-
ued drinking in loss of portal perfusion
after distal spleno-renal shunt. Gastro-
enterology 100: 799–804

4. Kawasaki S, Imamura H, Bandai Y,
Sanjo K, Idezuki Y (1992) Direct evi-
dence for the intact hepatocyte theory
in patients with liver cirrhosis. Gastro-
enterology 102: 1351–1355

5. Okamoto E, Kyo A, Yamanaka N, Ta-
naka N, Kuwata K (1984) Prediction of
the safe limits of hepatectomy by com-
bined volumetric and functional mea-
surements in patients with impaired
hepatic function. Surgery 95: 586–592

6. Nagasue N, Yukaya H, Ogawa Y, Koh-
no H, Makamura T (1987) Human liver
regeneration after major hepatic resec-
tion. Ann Surg 206: 30–39

7. Chen MF, Hwang TL, Hung CF (1991)
Human liver regeneration after major
hepatectomy. Ann Surg 213: 227–229

8. Rollo FD, DeLand FH (1968) The
determination of liver mass by radio-
nuclide images. Radiology 91: 1191–
1194

9. Mould RF (1972) An investigation of
the variations in normal liver shape. Br
J Radiol 45: 586–590

10. Rasmussen SN (1972) Liver volume de-
termination by ultrasonic scanning. Br J
Radiol 45: 579–585

11. Henderson JM, Heymsfield SB, Horo-
witz J, Kutner MH (1981) Measurement
of liver and spleen volume by computed
tomography. Radiology 141: 525–527

12. Naveh Y, Berant M (1984) Assessment
of liver size in normal infants and chil-
dren. J Pediatr Gastroenterol Nutr 3:
346–348

13. DeLand FH, North WA (1968) Rela-
tionship between liver size and body
size. Radiology 91: 1195–1198

14. Nayak NC, Ramalingaswami V (1979)
Normal structure. In: Chandra RK (ed)
The liver and biliary system in infants
and children. Churchill Livingstone,
Edinburgh, pp 1–17

15. Kawasaki S, Makuuchi M, Matsunami
H, Hashikura Y, Ikegami T, Chisuwa H,
Ikeno T, Noike T, Takayama T, Ka-
warazaki H (1993) Preoperative mea-
surement of segmental liver volume of
donors for living related liver trans-
plantation. Hepatology 18: 1115–1120

16. Heffron TG, Anderson JC, Matamoros
A Jr, Pillen TJ, Antonson DL, Mack
DR, Langnas AN, Fox IJ, Vanderhoof
JA, Shaw BW Jr (1994) Preoperative
evaluation of donor liver volume in pe-
diatric living related liver transplanta-
tion: how accurate is it? Transplant Proc
26: 135


