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Abstract
Introduction: Cirrhosis, understood as a dynamic and reversible process, is the final result of chronically 
progressive liver diseases of various etiologies. Non-invasive methods based on ultrasound have gradually 
become useful diagnostic tools for studying liver diseases. Real-time supersonic shearwave elastography 
(SSWE) study of these patients has recently been introduced to Colombia. Objective: The objective of this 
study was to evaluate real-time SSWE in patients with cirrhosis at a center for the treatment of liver and di-
gestive diseases in Bogotá. Materials and Methods: This is a retrospective pilot study of a cohort of cirrhotic 
patients with diagnoses confirmed by liver biopsies, imaging, clinical indicators or a combination of these. 
Results: Sixty-five patients who had been diagnosed with cirrhosis were included in this study. The median 
age was 58 years, 61.5% were women, and 38.5% were men. We found that median hepatic stiffness was 
16.6 kilopascals (kPs), the interquartile range was 13.9 -19.5, the minimum value was 12, and the maximum 
value was 30.5. There were no statistically significant differences between women and men, within groups and 
with and without biopsies (p = 0.64 and p = 0.26 respectively).  Conclusions: Hepatic rigidity measurements 
for cirrhotic patients analyzed in this pilot study were within the ranges reported in initial international tests, 
so this non-invasive test should be considered for patients suspected of having cirrhosis as a way to avoid 
complications of liver biopsies.
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INTRODUCTION

Cirrhosis is the final result of chronic and progressive liver 
diseases of various etiologies. (1) Pathophysiologically, 
cirrhosis is the result of a process of continuous necrosis of 
hepatocytes with loss of liver parenchyma, inflammation, 
fibrogenesis, changes in cell regeneration and alterations of 
macrocirculation and microcirculation. This leads to dis-
tortion of the hepatic architecture and formation of regene-
rative nodules. (2-4) Consequently, cirrhosis is understood 
as a dynamic process that is reversible at some points. In 
recent years, research to acquire new tools and information 

to guide proper diagnosis, management and approaches to 
this pathology has been encouraged. (5-7)

Classically, the definitive diagnosis of cirrhosis was 
established by the cirrhotic liver explant from liver trans-
plantation surgery when observation of the surface of the 
liver from the biopsy clearly shows nodules of regeneration 
separated by fibrous septa. Recently non-invasive methods 
based on ultrasound, including real-time Supersonic Shear 
Wave Elastography (SSWE). (1, 8, 9) SSWE is an elasto-
graphy technique that can map and measure liver stiffness 
(LS) by using special software with an ultrasound system. 
The Aixplorer®, provides a two-dimensional, quantitative 
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color image of liver tissue stiffness in real time. (10) On 
some occasions, SSWE can replace taking a liver biopsy 
and is useful for follow-up on the majority of patients with 
hepatopathy. (11-14)

In Colombia, the test has been introduced recently, and 
studies of its behavior in patients diagnosed with cirrhosis 
are not known at this time. Therefore, the objective of this 
study was to evaluate the behavior of elastography in real 
time in patients with cirrhosis in a center for the treatment 
of liver and digestive diseases in the city of Bogotá.

MATERIALS AND METHODS

This is a retrospective pilot study of a cohort of patients 
with diagnoses of cirrhosis proven by liver biopsies, images, 
clinical examination or a combination of these. A review of 
patients’ clinical histories and use of SSWE were conduc-
ted at a center in Bogotá between June 1 and December 31, 
2016. Verbal consent was obtained from subjects included. 
The inclusion criteria were
•	 Physical examination compatible with cirrhosis: stig-

mas of chronic liver disease, nevus of the skin or hard 
liver on palpation.

•	 Images compatible with cirrhosis.
•	 Liver biopsy compatible with cirrhosis or stage 4 report, 

according to the METAVIR scale.

All the participants included in the study were tested for elas-
tography following the protocol recommended by the manu-
facturer and used in published pivotal studies, as follows:
•	 The participants underwent SSWE on an empty stomach, 

and measurements were made of the right lobe of the 
liver through the intercostal spaces with the subject lying 
supine and with the right arm at maximum abduction.

•	 The technique was used with a broadband convex probe 
(SC6-1). In the SSWE mode, shear waves are created 
in the tissue by acoustic force generated by ultrasound 
pulses. The speed of the shear wave was estimated by 
means of Doppler acquisition. (10) Shear wave velo-
city was used to calculate the rigidity of the tissues by 
applying the formula E = pc2, where E is the tissue elas-
ticity in kilopascal (kPs), p is the density of the tissue 
(kg/m3), and c is the velocity of the shear wave (ms).

•	 Elasticity data were color-coded by the software to 
create a two-dimensional map of tissue stiffness that is 
displayed in a box in the conventional B-mode image. A 
region of interest (ROI) was established in the box for 
measurement of liver stiffness. We used an average ROI 
of 2 cm and a box of 3.5 x 2.5 cm.

•	 Measurements were classified as failed if there was no 
signal in the box, or if it was minimal in all acquisitions.

STATISTICAL ANALYSIS

Statistical analyses were based on data obtained from at 
least 5 consecutive measurements which is equivalent to 15 
SSWE measurements because the image in the box is the 
result of approximately three time-averaged images.

Information was analyzed descriptively by calculating 
measures of central tendency and dispersion for quan-
titative and categorical variables in absolute and relative 
frequencies for the total sample and by group according 
to biopsy. The assumption of normality for continuous 
data was validated by means of the Shapiro-Wilks test. 
Because the data did not present a normal distribution, the 
difference of the biopsy group was tested by the Wilcoxon 
rank-sum test. For the comparison between age groups, the 
Kruskal-Wallis test was used. All analyses were performed 
in STATA version 13.

In this study, there were no interventions or intentional 
modifications of the biological, physiological, psycholo-
gical or social variables of the individuals. This study was 
conducted in accordance with the principles declared at 
the 1964 XVIII World Medical Assembly in Helsinki.

RESULTS

We included 65 patients who had been diagnosed with 
cirrhosis. Their median age was 58 years (48-67), 40 were 
women (61.5%), and 25 were men (38.5%). All patients 
had been diagnosed with cirrhosis based on physical exa-
mination, laboratory tests, imaging and endoscopy. In addi-
tion, 32 patients had had previous liver biopsies compatible 
with stage F4 of the METAVIR scale. General patient and 
laboratory data are shown in Table 1.

When the test was performed on 65 patients the median 
measurement was 16.6 kilopascal (kPs) with an interquartile 
range (IQR) of 13.9 to 19.5, a minimum measurement of 12 
and a maximum measurement of 30.5 without any statistica-
lly significant difference between men and women (Figure 
1). Neither were significant statistical differences of kP 
measurements  found in a comparison of women with and 
without biopsies (p = 0.64). This same behavior was noticed 
in the group of men (p = 0.26). The comparison between 
men and women by biopsy group is detailed in Figure 2.

Table 2 and Figure 3 show stiffness according to age 
group and groups with biopsy and without biopsy. There 
were no statistically significant differences.

DISCUSSION

Measurement of the degree of liver fibrosis in a patient is 
essential for making decisions regarding treatment and 
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Table 1. Patients diagnosed with cirrhosis by group (with or without biopsy)

Group with biopsy (n = 32)
Median (IQR)

Group without biopsy (n = 33)
Median (IQR)

Total (n = 65)
Median (IQR)

Age in years 54.5 (45.7-64)* 60 (54-68)* 58 (48-67)
Body mass index (BMI) 25 (22-28.8) 26 (24-28) 26 (23-28)
Leukocytes (cells/mL) 5605 (4440-6677) 5430 (4520-6625) 5600 (4460-6625)
Hemoglobin (g/dL) 14 (13-15) 15 (13-16.5) 14 (13-16)
Hematocrit % 43 (39-46) 44 (40-49) 44 (40-47)
Platelets (cells/mm3) 161 000 (124 750-226 000) 174 000 (125 000-212 500) 168 000 (125 500-219 000)
Glycemia mg/dL 95 (86-101.7)* 105 (91-116)* 97 (89-112)
AST UI/dL 98.5 (53.5-141.5)* 51 (29-92)* 63 (38-120)
ALT UI/dL 109.5 (56.7-174.2)* 61 (32-74.5)* 68 (43-137)
GGT UI/dL 170.5 (76.7-412.7) 106 (50.5-214.5) 140 (58.5-277)
Alkaline phosphatase IU/dL 140 (106.7-446.2) 114 (86.5-177) 130 (90.5-229.5)
Total bilirubin (mg/dL) 1.04 (0.7-1.6) 0.8 (0.45-1.25) 0.9 (0.6-1.4)
Direct bilirubin (mg/dL) 0.45 (0.3-0.8)* 0.3 (0.2-0.6)* 0.4 (0.2-0.7)
Indirect bilirubin (mg/dL) 0.5 (0.4-0.77) 0.5 (0.2-0.65) 0.5 (0.31-0.7)
Total proteins (g/dL) 7.5 (7-7.9) 7.6 (7.15-7.95) 7.9 (7.05-7.9)
Albumin 4 (3.6-4.3) 4.1 (3.7-4.5) 4 (3.7-4.4)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; Cel: cells; GGT: gamma glutamyl transferase; IQR: interquartile range.
* Statistically significant differences between the two groups, p <0.05 (Wilcoxon Rank-sum test).
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Figure 1. Liver stiffness   according to sex. IQR: interquartile range. * 
Wilcoxon rank-sum test

prognosis of the disease. In cases of chronic hepatitis C, 
the detection of significant fibrosis is an indication for 
immediate antiviral treatment while the detection of cirr-
hosis is an indication for stricter monitoring of the patient 
to search for complications related to portal hypertension 
including hepatocellular carcinoma (HCC). Similarly, in 
cases of hepatitis B, advanced fibrosis or cirrhosis indica-

tes treatment of the disease. (15-17) In cases of fatty liver 
disease the same thing happens, although there are fewer 
studies. (18, 19)

Classically, non-invasive ultrasound-based tests are exce-
llent at the extremes of fibrosis due to the diagnostic vali-
dity of the technique with respect to a liver biopsy. (9) In 
relation to SSWE, the study by Leung and colleagues eva-
luated 226 carriers of chronic hepatitis B and showed that 
the METAVIR scores of fibrosis for stiffness measurements 
by SSWE (r = 0.81) were a better correlation than were the 
scores for transient elastography (r = 0.58). (20)

The cutoff points calculated in that study were consistent 
with those found in a study by Ziol et al. of patients with 
chronic hepatitis C: 6.5 kPs (METAVIR F ≥1); 7.1 kPs 
(METAVIR F ≥2); 7.9 kPs (METAVIR F ≥3); and 10.1 kPs 
(METAVIR F4). (21) A study conducted in 2012 found  
very high performance for identification of severe fibrosis 
(greater than or equal to F3) and cirrhosis (F4). No sig-
nificant differences were observed between the area under 
the receiver operating characteristic curve of TE and SWE 
in real time for severe fibrosis (0.96 and 0.98, respectively) 
or for cirrhosis (0.96 and 0.98, respectively), with cut-off 
points for SWE of 8.7 and 10.4, respectively. The median 
for cirrhosis was 15.6 with an IQR from 12.8 to 18.8 which 
is very similar to the one found in our study (16.6 kPs). 
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In the study by Herman et al., Etiologies of liver disease 
were categorized into chronic hepatitis C infections (HCV, 
n = 379) hepatitis B infections (HBV, n = 400), nonalco-
holic fatty liver disease (NAFLD, n = 156) and a group of 
other liver diseases (n = 199). For diagnosis of severe fibro-
sis and cirrhosis, slightly lower cutoff points were found for 

(22) In the previously mentioned study, the data for cirrho-
sis were based on 24 patients with F4 by biopsy. The biopsy 
and the non-invasive tests were performed on the same 
day. This point to one of the main limitations in our study, 
because the time between the taking of biopsies and SSWE 
varied between one week and several years.

Table 2. Hepatic stiffness   (kPs) by age group, with or without biopsy

Group with biopsy Group without biopsy Total
nº Median (IQR) nº Median (IQR) nº Median (IQR)

Age group p = 0.95¶ p = 0.068¶

18-25 3 16.5 (12.8-24.7) 1 14 (14-14) 4 15.3 (13.1-22.6)
26-39 4 14.9 (12.5-18.9) 1 13.3 (13.3-13.3) 5 13.3 (12.6-18.3)
40-49 6 16.6 (13.6-20.0) 2 12.5 (12.1-13) 8 15.2 (13-18.1)
50-59 8 17.6 (13.8-21.1) 12 16.9 (14.6-23.2) 20 16.9 (14.6-22.7)
60-69 7 15.6 (13.5-18.7) 10 16.4 (14.8-21.2) 17 16 (14.1-19.1)
>70 4 19 (12.1-27.4) 7 17.8 (16.6-18.8) 11 17.8 (16.5-25.3)

Total 32 16.5 (13.0-19.5)* 33 16.6 (14.2-19.1)* 65 16.6 (13.9-19.5)

¶There were no significant differences between or among age groups with or without biopsy (Kruskal-Wallis test).
* p = 0.45 no significant differences between or among the groups (Wilcoxon rank-sum test).
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Figure 2. Hepatic stiffness   according to sex. Groups with and without biopsy. IQR: interquartile range. * Wilcoxon rank-sum test.
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to give more objective elements for normal and abnormal 
measurements   in our patients. (24)

CONCLUSION

Measurements of liver stiffness of the cirrhotic patients 
analyzed in this pilot study were within the range of those 
reported in initial studies of international tests. On this 
basis it can be suggested that this non-invasive test be per-
formed in patients suspected of cirrhosis, thus avoiding 
the complications inherent in liver biopsies. SSWE could 
become a very useful test in clinical practice.
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patients infected with HBV (8.1 kPs and 11.5 kPs, respec-
tively) than were found for all other patients (9.2 kPs and 
13.4 kPs, respectively). In general, the diagnostic perfor-
mance was better in patients with HBV and HCV than in 
patients without viral hepatitis. (23) In our study, although 
we knew the etiologies, we did not mention them because 
of the small number of patients. Future studies with an ade-
quate sample size are necessary to perform these analszes 
by type of etiology.

In summary, the cut-off points for cirrhosis in these three 
previous studies were between 10.1 and 13.4 kPs while in 
our study, the cut-off point was 12.0. Two important issues 
are raised: there was no significant difference between 
patients with biopsies and those without biopsies, and the 
median and IQR values   are very similar to those found in 
the study by Ferraioli et al. (22)

In between, our group’s previously published study on 
real time elastography in healthy patients found an average 
of 4.28 kPs with a standard deviation of 0.61. This combina-
tion of this second study with the previous one begin start 
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