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Abstract

Introduction: Biometrics therefore corresponds to the measurement of the
morphological elements of humans. One of the most common ultrasound
requests by clinicians is the assessment of liver size. The aim of our study was
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[ONom

to study liver biometry using ultrasound in healthy adult subjects. Material
and Methods: This was a prospective, descriptive and analytical study, car-
ried out at CHU Point-G over a period of 7 months. A liver ultrasound was
performed on 100 individuals without lesions, by a doctor in his final year of
specialization in radiology and medical imaging. For each subject, we deter-
mined the height and anteroposterior diameter of the right liver and the left
liver. Results: The mean age was 39.05 * 16.86 years. The body mass index
(BMI) 18.5 - 24.9 group was the most represented with 58%. The mean height
of the right liver was 138.40 + 14.85 mm. It was 136.81 + 14.70 mm in men
and 139.92 + 14.99 mm in women (P = 0.306). That of the left liver was 95.55
* 14.34 mm, in men, it was 91.79 £ 13.51 mm and 99.16 + 14.31 mm in
women (P = 0.019). We found a significant correlation between right liver
height and BMI (P = 0.013). Conclusion: The mean values of liver biometry
were established in our series. There was a significant correlation between
right liver height and BMI. Liver ultrasound remains a reliable technique for
liver biometry.
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1. Introduction

The term “biometrics” comes from the Greek bio (life) and metron (measure-
ment). Biometrics therefore corresponds to the measurement of the morpholog-
ical elements of humans. One of the most common ultrasound requests by clini-
cians is the assessment of liver size [1]. Ultrasound is a widespread, efficient,
non-invasive and inexpensive technique [2]. It is simple to carry out and allows
objective measurements of the dimensions of the liver to be obtained, particu-
larly in adults. This is the first-line imaging examination performed in cases of
suspected liver pathology [3]. However, we cannot exclude the importance of the
clinic in the diagnosis of presumptive hepatomegaly. Clinical examination un-
derestimates the true size of the liver in adults. This can be demonstrated by the
statistically significant difference between the mean value obtained by clinical
examination and that obtained by ultrasonography [4]. The morphology of the
liver is well appreciated in two-dimensional ultrasound [3]. Hepatic height is
measured on a sagittal section passing through the aorta for the left liver and
through the right midclavicular line for the right liver. For the hepatic arrow
(height of the right liver), we measure the distance between the highest point of
the hepatic dome and the lower edge of the right liver [3].

However, we cannot exclude the importance of the clinic in the diagnosis of
presumptive hepatomegaly. Clinical examination underestimates the true size
of the liver in adults. This can be demonstrated by the statistically significant
difference between the mean value obtained by clinical examination and that
obtained by ultrasonography [4]. The morphology of the liver is well appreci-
ated in two-dimensional ultrasound [3]. Hepatic height is measured on a sag-
ittal section passing through the aorta for the left liver and through the right
midclavicular line for the right liver. For the hepatic arrow (height of the right
liver), we measure the distance between the highest point of the hepatic dome
and the lower edge of the right liver [3]. A height of the left liver greater than
100 mm and a height of the right liver greater than 150 mm are considered
abnormal [3].

The size of the liver is an important element in the diagnosis and monitor-
ing of diffuse liver diseases using ultrasound. However, difficulties lie in de-
termining the presence of hepatomegaly and liver atrophy, because the method
used to measure liver size differs between examiners and there is no standard
based on corpulence [5]. Frequent damage to the liver by various pathologies,
particularly infection, makes it a widely explored organ, especially in ultra-
sound. Its dimensions can be modified due to different pathologies, hence the
interest in knowing its normal dimensions. However, there is currently little
African work devoted to ultrasound biometry of the liver in adults. Conse-
quently, European biometrics are usually used in Mali, which is controversial,
given the variation in the anthropometric variables of Africans compared to
Europeans. Thus, the objective of our work was to determine the dimensions

of the liver in healthy Malian adults and analyze them according to sex, age
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and body mass index (BMI).

2. Material and Methods

This was a prospective, descriptive and analytical study on liver biometry which

took place over a period of 7 months from May 23, 2022 to December 5, 2022. It

was carried out at the radiology and medical imaging at Point-G University

Hospital in Bamako, Mali. The subjects concerned were “healthy” individuals,

examined by ultrasound in the said department. They were voluntary subjects,

companions, patients, fasting or not. 100 apparently healthy adults, including 49

men and 51 women, were randomly selected in time. A liver ultrasound was

performed according to a standardized protocol with 2 devices: a CHISON Q Bit

5 type device and a SIEMENS ACUSON NX3 Elite type device. The first device

was equipped with a low-frequency convex probe of 3.5 Megahertz and a

high-frequency linear probe of 7.5 Megahertz. The second device was equipped

with multi-frequency probes: Two convex probes, CH5-2 of 1.4 - 5.0 Megahertz
and C8-5 of 3.1 - 8.8 Megahertz, a linear probe 1114 of 3.7 - 13.1 Megahertz and
an endocavity probe EC9-4 of 3.3 - 10.3 MHz. The 3.5 MHz or 1.4 - 5.0 MHz
convex probe was used for the sections used to measure the dimensions of the
liver. Subjects were selected based on their normal history and current condi-
tions without signs of any recent pathology.

After the interview mentioning the socio-demographic characteristics and the
medical-surgical history of each individual, we successively carried out:

e Measurement of body temperature in degrees Celsius at the axillary level;

e A measurement of the subject’s height with a measuring rod graduated in
centimeters;

e An increase in body weight in kilograms;

e A liver ultrasound of the subject.

e This ultrasound was performed in the supine position by doing:

e A sagittal section of the liver on the right midclavicular line with measure-
ment of the height of the right liver going from the hepatic dome to the lower
hepatic tip;

e A recurrent cross-section of the right hypochondrium passing through the
portal bifurcation into right and left branches with measurement of the an-
teroposterior diameter of the right liver;

e A longitudinal section of the epigastrium passing through the left liver and
the abdominal aorta in the pre-spinal area with measurement of the height of
the left liver;

e A recurrent left para-sternal horizontal section passes through the left liver
with measurement of the anteroposterior diameter of the left liver.

All examinations were carried out by a single operator, a doctor in his final
year of specialization in radiology and medical imaging, to reduce inter-observer
errors. The parameters studied were the mean, the median, the coefficients of

determination, the linear regression curves. The difference between variables
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was considered significant when P < 0.05.

3. Results

Our study included 100 patients including 51 women and 49 men.
Sociodemographic aspects:
o Age
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Figure 1. Distribution of patients according to age groups.

The 20 - 29 age group was the most represented with 28% of cases. The aver-
age age was 39.05 * 16.86 years with extreme from 12 to 81 years.
¢ Weight
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Figure 2. Distribution of patients according to weight groups.

The 55 - 64 kg weight group was the most represented with 28% of cases. The
average weight was 66.85 + 14.38 kg. Overweight subjects were not sufficiently

represented in our series.
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Liver ultrasound:
e Height of the right liver

78%

2%

m[100 — 150] ®[151 - 200]
(a)

Figure 3. (a) Distribution of patients according to the height of the right liver in mm. (b) Ultra-
sound measurement technique for the height of the right liver (arrow).

Seventy-eight (78)% of individuals had a right liver height between 100 and
150 mm. The mean height of the right liver was 138.40 + 14.85 mm.
¢ Antero-posterior diameter (APD) of the right liver

53%

26%

2%
'__ T T T
75-94 95-114 115-134 135-154

Figure 4. (a) Distribution of patients according to the anteroposterior diameter of the right liver in
mm. (b) Ultrasound measurement technique of the anteroposterior diameter of the right liver (ar-
row).

Fifty-three (53)% of individuals had an anteroposterior diameter of the right
liver between 115 and 134 mm. The mean anteroposterior diameter of the right
liver was 122.21 + 13.94 mm.

e Height of the left liver

Sixty-two (62)% of subjects had a left liver height between 51 and 100 mm.

The mean height of the left liver was 95.55 + 14.34 mm.
e Anteroposterior diameter (APD) of the left liver
Seventy-seven (77)% of subjects had an anteroposterior diameter of the left

liver between 41 and 70 mm. The mean anteroposterior diameter of the left liver
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was 64.87 = 12.42 mm

u[51-100] =[101 — 150]

Figure 5. (a) Distribution of patients according to the height of the left liver in mm. (b) Ultrasound
measurement technique for the height of the left liver (arrow).

77%

23%

.
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Figure 6. (a) Distribution of patients according to the antero-posterior diameter of the left liver in
mm. (b) Ultrasound measurement technique of the anteroposterior diameter of the left liver (arrow).

e Liver dimensions and sex

Table 1. Average dimensions of the liver according to sex.

Liver dimensions Male (n = 49) Femal (n = 51) P-value
Average height of the right liver 136.81 + 1470 mm  139.92 + 1499 mm  0.306
Mean DAP of the right liver 124.51 + 13.35 mm 120 + 14.27 mm 0.158
Average left liver height 91.79 £ 1351 mm  99.16 + 14,31 mm 0.019

DAP left middle liver 65.10 £ 11.64 mm 64.65 + 13.25 mm 0.546

The sex ratio (F/M) was 1.04.
Concerning the average height of the left liver, there is a significant difference
between the two sexes (P=0.019).
¢ Liver dimensions and body mass index (BMI)
The BMI group in 18.5 - 24.9 was the most represented with 58% of cases.
There is a significant link between the height of the right liver and BMI (P =
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0.013).
HMEFD = Average height of the right liver; HMFG = Average height of the left

liver.

Table 2. Average dimensions of the liver according to BML

THE BMI GROUP  Average BMI  Effective HMFD en mm HMFG en mm

[1-184] 17.57 9 136 +12.07 96.25 + 14.41
[18.5-24.9] 21.43 58 136.75 + 14.49 94.53 +13.65
[25-29.9] 27.23 23 137.59 £ 15.80 98.32 £17.22
[30 - 40] 33.44 10 152.30 £ 11.88 94.30 £ 12.17
Total 99.67 100 562.4 383.4

4. Discussion

Our small sample size was one of the weaknesses of this study, as a larger sample
size could improve the precision of the estimates as well as the generalizability of
the data. The nutritional status of the subjects was not recorded and liver func-

tion tests to assess the normal physiological state of the liver were not recorded.

4.1. Sociodemographic Aspects

The average age of our patients was 39.05 + 16.86 years. It was 45.16 = 18.03
years for men and 33.16 = 13.39 years for women. There was a significant age
difference between the two sexes (2 = 0.000). Yong KK and Dong KH [5] found
in South Korea a mean age of 22.53 + 2.12 years for men and 21.80 + 2.60 years
for women with no significant age difference between the two sexes (P = 0.154).
The average weight was 66.85 + 14.38 Kg. It was 68 + 13.53 Kg in men and 65.74
* 15.20 Kg in women, with no significant difference between the two sexes (P =
0.233). Yong KK and Dong KH [5] found in a South Korean series a mean
weight of 71.34 + 13.41 kg in men and 57.13 + 11.47 kg in women with a signifi-
cant difference between the two sexes (P< 0.001).

4.2. Liver Ultrasound

The 3.5 MHz or 1.4 - 5.0 MHz convex probe was used to make the sections used
to measure the dimensions of the liver. Mustapha M et al. [6] used a 2.5 to 6
MHz curvilinear probe. We measured the craniocaudal diameter of the right liv-
er on a sagittal section made on the right midclavicular line. This technique was
adopted by Mustapha M et al [6] as well as Jessie TC et al. [7]. Studies have
shown that all anthropometric variables contribute strongly and significantly to
liver dimensions in women [8]. However, the same factors except body mass in-
dex, contribute significantly to the variation in hepatic arrow in men, but to a
lesser extent than in women. The mean height of the right liver was 138.40 mm
+ 14.85 with extremes of 104 and 180 mm. It was 136.81 mm + 14.70 in men and

139.92 mm * 14.99 in women. There was no significant difference between the
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two sexes (P = 0.306). Mustapha M et a/. [6] found similar results in North-West
Nigeria with an average height of 141.50 mm * 14.60 and extremes of 104 and
188 mm; in men it was 142.20 mm + 12 and 140.70 mm + 16.70 in women. Irina
S et coll [9] in Russia made the same observation with 143.46 mm * 3.23 in men
and 140.31 mm + 3.12 in women as the average height of the right liver (P =
0.49). On the other hand, Udoak A et al [10] found a significant sex-related dif-
ference in the height of the right liver in southern Nigeria (128 mm in women;
120 mm in men), the average height of the right liver being 131.3mm. Yong KK
and Dong KH [5] found among South Koreans an average height of 123.40 mm
+ 11.80 for men and 110.70 mm =* 9.30 for women with a significant difference
between the two. sexes (P < 0.001). In addition, Khereilla ef al [11] on the adult
Saudi population (125 mm in women; 119 mm in men) and Tarawneh et a/. [12]
in Jordanian adults (126 mm in women; 121 mm in men)) observed a significant
difference linked to sex. We found a significant correlation between the height of
the right liver and the BMI (P = 0.013) of the individuals. These results are simi-
lar to those of other authors [6] [13]-[18]. However, Niederau et al. [19] as well
as Udoaka et al [10] did not find a significant correlation between the height of
the right liver and BMI. These discrepancies with our study could be explained
by the influence of genetics, different ethnic origins or nutritional and environ-
mental factors on the different populations. The average anteroposterior diame-
ter of the right liver was 122.21 mm + 13.94 with extremes of 75 and 151 mm. It
was 124.51 mm * 13.35 in men and 120 mm * 14.27 in women without a signif-
icant difference between the two sexes (P = 0.158). Yong KK and Dong KH [5]
found 139.40 mm =* 14.60 in men and 126.70 mm * 12.30 in women with a sig-
nificant difference between the two sexes (P < 0.001). Irina S et coll [8] in Russia
found 126.73 mm +2.30 in men and 113.28 mm *1.66 in women as the average
anteroposterior diameter of the right liver with a significant difference between
the two. sexes (£ < 0.001). The average height of the left liver was 95.55 mm *
14.34 with extremes of 62 and 150 mm. It was 91.79 mm + 13.51 in men and
99.16 mm * 14.31 in women. There was a significant difference between the two
sexes (P =0.019). Yong KK and Dong KH [5] found 100 mm + 9.90 in men and
87.90 mm =* 11.90 in women with a significant difference between the two sexes
(P<0.001). Irina S et coll [8] in Russia found 91.19 mm =+ 3.35 in men and 92.41
mm * 3.86 in women as the average height of the left liver without significant
difference between the two sexes (P = 0.81). The average anteroposterior diame-
ter of the left liver was 64.87 mm * 12.42 with extremes of 43 and 100 mm. It
was 65.10 mm + 11.64 in men and 64.65 mm * 13.25 in women without a sig-
nificant difference between the two sexes (P = 0.546). Yong KK and Dong KH
[5] found similar results with 59.30 mm #+ 10.90 in men and 51.80 mm + 9.90 in
women with a significant difference between the two sexes (£ < 0.001). Irina S et
coll [8] in Russia found 77.23 mm #* 2.28 in men and 61.88 mm * 1.81 in women
as the average anteroposterior diameter of the left liver with a significant differ-

ence between the two. sexes (P < 0.001). However, knowledge of the normal size
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of the liver according to BMI, sex and age would be of capital importance in the
search for acute or chronic liver pathology and could be used to carry out and

improve reproductive monitoring in the treatment of liver pathologies in Mali.

5. Conclusion

Liver biometry is done by ultrasound. It is the most widespread technique in the
world. This ultrasound allowed us to have the average values of liver biometry in
our study population. The mean height of the right liver was 138.40 + 14.85 mm.
It was 136.81 + 14.70 mm in men and 139.92 + 14.99 mm in women. The mean
height of the left liver was 95.55 = 14.34 mm. It was 91.79 + 13.51 mm in men
and 99.16 + 14.31 mm in women. Liver ultrasound remains a reliable technique

for liver biometry.
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