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Abstract
Introduction: Real-time supersonic shear wave elastography (SSI) is a noninvasive test that is used to de-
termine the elasticity of the liver and thus calculate the degree of liver fibrosis. Sometimes, it can replace a 
liver biopsy, and it is useful for monitoring the majority of patients with liver disease. In Colombia, the test has 
recently been introduced, so there have been no studies of test in healthy people here until now. Objective: 
The objective of this study was to evaluate the behavior of the elastography in real time in healthy subjects 
in Bogotá. Materials and methods: This is a retrospective pilot study of healthy subjects between 15 and 
37 years old who underwent SSI between June 1, 2016 and March 31, 2017. A clinical history was taken 
and basic evaluation of liver function was performed to rule out abnormalities. Results: The series included 
33 healthy subjects, 60.6% women and 39.4% men with an average age of 24.8 years. When the test was 
performed, an average value of 4.28 kilopascals (kPs) was found, with minimal difference between the sexes 
but greater hepatic rigidity in men. Conclusions: The mean values   of hepatic rigidity in 33 healthy subjects 
in Bogotá are the same as those reported in the initial studies internationally. These findings suggest that the 
test may be very useful for the evaluation of patients with liver disease in our environment.
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INTRODUCTION

Chronic liver diseases gradually develop different degrees 
of fibrosis that can culminate in cirrhosis. Staging this 
disease is of constant interest for determination of the need 
for early intervention, as in the cases of hepatitis C and B. 
(1-3) Staging also generates prognoses for these and other 
liver diseases. Classically, the determination of the degree 
of fibrosis has been established with liver biopsies, but the 
risks of an invasive procedure, the costs, and sometimes 
refusal to have the procedure by the patient have led to 
the emergence of alternative non-invasive markers for liver 
fibrosis. (4-9)

Real-time, or Supersonic, Elastography (Shear Wave elas-
tography™ - SWE) is an ultrasound-based elastography tech-
nique that has the ability to map and measure liver stiffness. 
(10) Aixplorer® has been implemented in an ultrasound 
system which provides a two-dimensional, quantitative 
color imaging of the rigidity of liver tissue in real time. The 
Supersonic is a non-invasive test that determines the elasticity 
of the liver and calculates the degree of liver fibrosis. In some 
cases, it can replace a liver biopsy and is useful for monitoring 
the majority of patients with liver disease. (11-14)

The test has only recently been introduced in Colombia, 
so there have been no studies of the behavior of the test 
in our environment to date. Consequently, the objective 
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of this study was to evaluate the behavior of elastography 
in real time in healthy subjects in a medical center for liver 
diseases in Bogotá.

MATERIALS AND METHODS

A retrospective pilot study was conducted in healthy volun-
teers between 15 and 37 years of age at a medical center in 
Bogotá between June 1, 2016 and March 31, 2017. Verbal 
consent for testing was provided by individuals included in the 
study. Information on the complete medical history was obtai-
ned and physical examinations and basic evaluations of liver 
functioning were conducted to rule out abnormalities. The 
inclusion criteria were based on including healthy individuals.
•	 The medical history discarded any antecedent of 

importance for hepatopathy (history of hepatitis, trans-
fusions, drug addiction, obesity, alcohol consumption 
and among others).

•	 The physical examination was considered normal if 
there were no stigmata of chronic liver disease and the 
liver was normal upon palpation.

•	 The body mass index (BMI) was normal (between 18 
and 25 kg/m2).

•	 Basic paraclinical tests were within normal limits:
•	 Transaminases were less than 30 international units 

(IU)/dL
•	 The international normalized index (INR) was bet-

ween 0.8 and 1.2.
•	 Bilirubin was between 0.3 and 1.3 mg/dL.
•	 Albumin was between 3.5 and 5.0 g/dL

After inclusion, all participants underwent Supersonic elas-
tography following the protocol recommended by the manu-
facturer. Real-time elastography was performed using the 
Aixplorer ultrasound system® (SuperSonic Imagine SA Aix-en-
Provence, France) with a broadband convex probe (SC6-1). 
In SWE mode, shear waves were created in the tissue from the 
acoustic radiation force generated by pulses of ultrasound. The 
speed of the cutting wave is estimated by means of Doppler 
acquisition. (10) Cutting wave velocity is used to calculate the 
stiffness of tissues with the formula E = pc2 where E is the elas-
ticity of the tissue in kPa, p is the density of the tissue in kg/m3, 
and c is the speed of the cutting wave in m/s.

The program color codes elasticity data to create a two-
dimensional map of tissue stiffness which is displayed in a 
box or in the conventional B-mode image. A region of interest 
(ROI) is established within the box where the measurement 
of liver stiffness is made. The average ROI in our tests is 2 cm 
in a 3.5 x 2.5 cm box. Participants fasted prior to procedures, 
and measurements were made in the right lobe of the liver 
through the intercostal spaces with the subject lying supine 
with the right arm at maximum abduction. Measurements 

were considered to have failed when there was no signal in 
the box or when all acquisitions were minimal. Statistical 
analyses were based on the data obtained from five consecu-
tive measurements. Since the image in the box is the result of 
approximately three images averaged over time, data for five 
measurements actually require 15 images.

Measures of central tendency and dispersion were calcu-
lated for quantitative variables while categorical variables 
were summarized in absolute and relative frequencies. The 
assumption of normality of continuous data was validated 
by the Shapiro-Wilk test. Measurement of the difference 
between the groups of men and women was done by the 
means comparison test (T test). For more than 2 groups, 
one-way analysis of variance (ANOVA) was used. All 
analyses were performed with the STATA statistical pac-
kage version 13.

RESULTS

During the study period, 33 healthy subjects were inclu-
ded. Their general and clinical characteristics are detailed 
in Table 1. The average age was 24.8 years, BMIs suggests 
thin patients, and all paraclinical test results were comple-
tely normal.

All 33 patients had normal physical examinations and did 
not consume alcohol. Studies for hepatitis B and C were nega-
tive and abdominal ultrasound was normal for all patients.

Mean liver stiffness for the 33 subjects was 4.28 kPa with 
a standard deviation (SD) of 0.61. Analysis by sex showed 
a significant difference in liver stiffness measurements for 
men and women (p = 0.0048) (Figure 1). None of the tests 
were considered to have failed. Real-time elastography las-
ted between 10 and 15 minutes per patient.

Table 2 shows liver stiffness measurements for age 
groups. Of the patients analyzed, the group from 21 to 26 
years had the highest stiffness measurements.

DISCUSSION

Although this is a pilot study with a sample of 33 patients, 
the findings are of great relevance because most studies of 
real-time elastography do not define the value of normality 
with certainty. In the Changtian Li meta-analysis which 
included 8 studies with 934 patients most of whom had 
hepatitis C or B, (15)  the cut-off point for significant fibro-
sis (F2 or greater) varied between 6.6 and 8.8 kPa. Ferraioli 
found a cut-off point of 7.1 kPa with an average value of 
6.2 kPa for F0 and F1 and an interquartile range between 
5.1 and 6.8. That study’s focus was mostly on analyses of 
significant fibrosis. (16)

Among the studies that have attempted to determine nor-
mal measurements, a retrospective study by Cha looked at 97 
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patients without liver disease and found average liver stiffness 
of 5.4 kPa which it used to define normality. (17) The opti-
mal cut-off point for discriminating between livers without 
disease and livers of chronic patients was 6.9 kPa. Sensitivity 
was 94%. Sirli evaluated the hepatic stiffness of 82 patients 
who had no known hepatic pathologies. (18) Seventy of 
those were reliably measured. Patients’ ages were between 

Table 2. Hepatic stiffness   by age group (distribution by quartiles)

Age group N Median   in kPa (SD)*
15-20 12 4.3 (0.68)
21-26 7 4.42 (0.40)
27-30 9 4.04 (0.62)
31-37 5 4.3 (0.73)
15-37 33 4.28(0.61)

* There are no significant differences between the age groups (one-way 
ANOVA). SD: standard deviation; kPa: kilopascals
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Figure 1. Measures   of liver stiffness according to sex. SD: standard 
deviation, kPa: kilopascals

Table 1. Patients’ general and paraclinical data 

Variable Women (n=20)
Average (SD)

Men (n=13)
Average (SD)

Total (n=33)
Average (SD)

Age in years 27.1 (6.7) 20 (19-23)* 24.8 (6.3)
BMI 20.9 (1.8) 19.6 (2.1) 20.4 (2.01)
White blood cells (cells/mL) 6301 (1204) 6160 (1437) 6246 (1281)
Hemoglobin (g/dL) 14.1 (0.8) 16.4 (0.8) 15.06 (1.4)
Hematocrit (%) 42 (41-44)* 49 (47-50)* 44 (42-49)*
Platelets (cells/mm3) 282700 (50627) 270846 (37799) 278030 (45741)
Glycemia (mg/dL) 84.3 (4.7) 84 (81-88)* 85 (81-88)*
AST (UI/dL) 18 (17-20)* 18.3 (2.0) 18 (17-20)*
ALT (UI/dL) 18.1 (7.1) 21.7 (5.6) 19.5 (6.7)
GGT (UI/dL) 22 (13-35)* 23 (19-56)* 22 (16-40)*
AP (UI/dL) 71 (59-90)* 107.5 (22.0) 89.1 (29.9)
Total bilirubin (mg/dL) 0.5 (0.3-0.8)* 0.9 (0.46) 0.5 (0.4-1)*
Direct bilirubin (mg/dL) 0.2 (0.1-0.3)* 0.36 (0.22) 0.2 (0.1-0.3)*
Indirect Bilirubin (mg/dL) 0.3 (0.2-0.4)* 0.5 (0.3-0.9)* 0.3 (0.2-0.5)*
Total proteins (g/dL) 7.51 (0.39) 7.6 (0.34) 7.54 (0.37)
Albumin (g/dL) 4.5 (0.37) 4.6 (0.48) 4.54 (0.41)

* Average (interquartile range) - Shapiro-Wilk normality test. AST: aspartate aminotransferase; ALT: alanine transaminase; SD: standard deviation; 
AP: alkaline phosphatase; GGT: gamma-glutamyl transferase.

18 and 76 years. The mean value of stiffness determined by 
Supersonic elastography was 6 ± 1.4 kPa. The values   for men 
were significantly higher than those for women. This study 
included patients of all ages, some who were overweight or 
obese, and found that normal measurements were up to 9 
kPa. This measurement is in the F2 range in other studies. 
The difference in liver stiffness measurement ranges obser-
ved between the groups of men and women in our study 
have also been observed in other studies. 

In the study by Suh et al. of 196 potential live donors for 
liver transplantation, the reference range for normal liver 
elasticity confirmed by biopsies was 2.6 to 6.2 kPa with an 
average elasticity of 4.4 kPa. (19) The mean value of normal 
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hepatic elasticity in our study was 4.28 kPa which agrees with 
the data from the Suh study. In that study, most of the sub-
jects were thin which is similar to our patient sample. Also, 
the S]uh study measured healthy volunteers without histolo-
gical corroboration and found a range of 4.6 to 4.9 kPa. (20)

We are aware of the limitations of our study:
•	 The sample size of the is small, but as a pilot study we 

have presented a preliminary report of normal liver 
stiffness in our patients with the intention of expanding 
the sample in future studies.

•	 Our patients did not have liver biopsies, the gold stan-
dard test. The concept of normality was based on cli-
nical and laboratory criteria, but taking liver biopsies 
from healthy subjects is not ethically justified.

•	 There were unequal numbers of male and female 
patients which could partly explain the difference pre-
sented, but this will surely be solved in future studies.

CONCLUSIONS

The average measurement of liver stiffness in 33 healthy 
subjects in Bogotá is similar to those reported in the initial 
international tests. These findings suggest that the test may 
be very useful in our setting for evaluation of patients with 
liver disease. We recognize the methodological weaknesses 
of this study, but as a pilot study it is the starting point for 
investigation of this topic in our environment.
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