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INTRODUCTION

Chronic hepatitis C is characterized by necro-inflamma-
tory damage and fibrotic scarring of the liver. This path-
way is known to induce a progressive disruption of liver 
functional units leading to full-blown cirrhosis1. Fibrosis 
is randomly distributed within the liver2. This heteroge-
neity seems higher in more advanced fibrosis stages: in 
fact, both imaging3-5 and histopathological studies6 have 
reported the variability of liver fibrosis to be much more 
in the setting of cirrhosis in comparison with lower fibrosis 

stages. As a consequence, the natural history and the clini-
cal progression of liver disease might result highly variable 
too7. In the so-called compensated or early cirrhosis, liver 
parenchyma results heavily scarred though still function-
ally efficient: patients exhibit few signs or symptoms of 
hepatic insufficiency and their biochemical parameters 
are only mildly impaired8. This clinical condition can be 
stable for a long time or show a nonlinear progression to-
wards decompensation. Decompensation may result from 
an extensive liver scarring, with heavy reduction of its 
functional reserve, or may be accelerated by precipitating 
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and we evaluated whether the q1 of ARFI values was 
able to predict the short-term clinical outcome.

PATIENTS AND METHODS

Study population

Between January 2010 and January 2012, 58 con-
secutive patients presenting at the Outpatient Clinic 
of Infectious Diseases (Garibaldi Nesima Hospital of 
Catania, Italy) were newly diagnosed as affected with 
HCV-related liver cirrhosis and considered for enrol-
ment in the present study. The diagnosis of cirrhosis 
was based on a clinical and histological evaluation. 

Subsequently, throughout a 6-month clinical fol-
low-up, 12 patients were excluded from the study: 5 
who developed severe cirrhosis-related complications 
(3 hepatocellular carcinoma, 2 spontaneous bacterial 
peritonitis), 3 because of severe comorbidities (2 cases 
of severe sepsis and one case of colonic cancer), 3 be-
cause of endoscopic evidence of esophageal varices and 
1 because of refusal to enter the study. Thus, 46 patients 
with Child-Pugh class A cirrhosis were finally enrolled. 
None of the patients had a concomitant HBV and/or HIV 
coinfection. None had either autoimmune or metabolic 
disease or excessive alcohol consumption. No patient had 
evidence of cardiac or renal failure. Patients were not 
under treatment with beta-blockers, diuretics, antibiotics, 
interferon or ribavirin by the time of study onset. 

All patients signed a written informed consent be-
fore study inclusion, in accordance with the Declaration 
of Helsinki. 

At baseline, each patient underwent a consecutive 
2-day protocol: on the first day, a complete clinical and 
biochemical evaluation was performed. Then, patients 
were examined with Quantitative ARFI by a single 
well-experienced operator (L.R.), blinded to biochem-
ical and clinical data, at the private Outpatient Clinic 
“Ultrasuoni” in Catania. 

METHODS

Patients were regularly visited every six months until 
the end of the 24 month-follow-up. Cirrhosis clinical 
progression was defined as an increase in Child-Pugh 
score of at least one point during follow-up.

Quantitative Acoustic radiation 
force impulse elastography 

B-mode standard ultrasonography scanning and Quan-
titative ARFI elastography were performed using a 
Siemens Acuson S2000 (Siemens AG, Erlangen, Ger-
many) with a 4Cl transducer, as described in details 
elsewhere5.

The velocity of the shear wave (in m/s) in the liver 
tissue was collected and recorded from 20 different 
sites, 5 sites for each segment (V, VI, VII, and VIII) 

events, such as rupture of esophageal varices, hepatocel-
lular carcinoma, portal thrombosis, and sepsis. In patients 
with chronic hepatitis C, the hepatic functional reserve is 
closely related with residual hepatic mass and with the 
extent of anatomic preservation of lobular structures9. The 
transition from a compensated to a decompensated stage 
has a dramatic impact on the natural history of cirrhosis, 
as decompensated cirrhosis is associated with a signifi-
cantly higher morbidity and mortality8. 

Liver function in cirrhosis can be assessed by clinical 
scores, such as the Child-Pugh score10 or by quantitative 
tests, such as  galactose and indocyanine  green clear-
ance11. Child scoring system12 modified by Pugh13 is the 
most widely used index and includes biochemical param-
eters (plasma bilirubin, albumin and prothrombin time) 
and clinical parameters (presence of encephalopathy and 
ascites). Although Child-Pugh score represents the most 
widely used prognostic index to assess liver function 
in cirrhotic patients, it suffers from several limitations10 
and may not be able to identify the subgroup of patients 
with compensated cirrhosis at higher risk of developing 
prompt decompensation. In a recent prospective study of 
Wang et al14, 36% of patients with Child A class cirrhosis 
died during the first year of follow-up. 

In the last years, ultrasound-based elastographic 
methods, including Transient Elastography (TE)15,16 and 
Acoustic Radiation Force Impulse Elastography (ARFI)5, 
have been developed for the quantitative evaluation of 
liver fibrosis in chronic hepatitis C. ARFI uses a stan-
dard ultrasonographic probe and offers elastography 
with a flexible metering box of 1 cm at variable depths. 
An acoustic push pulse transmitted by the transducer 
(3.5 MHz) induces an elastic shear wave that propagates 
through the tissue. The propagation of the shear wave is 
followed by detection pulses that are used to measure 
the velocity of shear wave propagation, which is directly 
related to tissue stiffness. Speed increases with stiffness; 
therefore, it is higher in the presence of fibrosis5. The 
evaluation of liver stiffness by ARFI relies not only on 
a central tendency measure, such as the median stiffness 
value, but also on a measure of heterogeneity, i.e. the 
interquartile range (IQR). In a cohort of 139 patients 
with CHC, Rizzo et al5 have shown that IQR increased 
alongside fibrosis stage. It may be hypothesized that 
patients showing a lower IQR may have a more homo-
geneous distribution of hepatic fibrosis, whereas a wider 
IQR may reflect a spotty and heterogeneous spread of 
fibrosis within the liver. From a functional point of view, 
this hypothesis implies that patients with higher IQR may 
have more spared liver areas, with a subsequent higher 
functional reserve in comparison with those having low-
er IQR of liver stiffness. In the aforementioned study of 
Rizzo et al5, a median ARFI value >2 m/s was the best 
cutoff for predicting cirrhosis. We hypothesized that a 
first quartile (q1) of ARFI values higher than 2 m/s could 
be associated a more extensive alteration of liver struc-
ture and a subsequent higher risk of liver decompensa-
tion and a worse short-term prognosis in comparison 
with a q1 <2 m/s. In the present pilot prospective study, 
we enrolled a cohort of patients with newly diagnosed 
Hepatitis C Virus (HCV)-related Child A class cirrhosis 
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The number of patients who clinically progressed 
(i.e. with an increase in Child-Pugh score of at least one 
point at follow-up) was significantly higher in the group 
with q1 >2 m/s (63.2% vs. 11.1%, p=0.0003) (Figure 1). 
In fact, 7.4% of patients with q1 <2 m/s progressed to 
Child-Pugh class B, whereas in the group of subjects 
with q1 >2 m/s, 31.6% progressed from Child-Pugh 
class A to B and 5.7% from Child-Pugh class A to C.

None of the patients with q1 <2 m/s died during the 
24-month follow-up. In the group with q1 >2 m/s, 3/19 
patients (15.8%) died, 2 due to hepatocellular carcinoma 
and one due to hepatic decompensation (p=0.032). 

In a logistic regression model evaluating the pre-
dictors of clinical progression, we found that short-
term clinical progression of cirrhosis was significantly 
associated only with higher q1 (OR 45.6, p=0.042) but 
not with higher median ARFI value or other clinical 
predictors of decompensation. 

within the right lobe according to a random sampling 
method described elsewhere5. The patient was  in the 
supine position for segment V and VIII measurement 
and in left lateral position for segment VI and VII mea-
surement. A median and interquartile range (IQR) of 
the 20 results was calculated. The shear wave velocity 
was measured within a rectangular region of interest 
(10 mm long X 5 mm wide) chosen by the observer. 

STATISTICAL ANALYSIS

Data are expressed as mean±standard deviation (SD), 
median (IQR), or n (%), as appropriate. Baseline char-
acteristics of patients with or without q1 >2 m/s were 
compared using Mann-Whitney U test and Fisher’s 
exact test, when appropriate. 

To identify predictors of clinical progression, uni-
variate and subsequent logistic regression analysis were 
used. Odds ratio (OR) was also calculated. 

Statistical analysis was performed using statistical 
computing software R.

RESULTS

Study Population Characteristics 

The characteristics of the 46 patients enrolled in the 
present study are summarized in Table 1. There were 
22 male patients (47.8%). Median age was 60 (57-63) 
years. Mean HCV-RNA plasma level was 3.93±2.41*105 
IU/ml. HCV genotype was 1a/b in 32 patients (69.6%), 
2 in 3 patients (6.5%) and 3 in 11 (23.9%). 

Clinical progression of cirrhosis and 
mortality rates: comparison between patients 
with q1 ARFI liver values <2 m/s and >2 m/s

At baseline, all patients had median liver stiffness >2 
m/s. 27 patients (59%) had q1 values <2 m/s (Table 2). 

Table 1. Baseline characteristics of the 46 patients with HCV-
related cirrhosis enrolled in the study.

*Data presented as N (%) **Data presented as median (IQR) ● 
Data presented as mean±standard deviation (SD)
ARFI: Acoustic Radiation Force Impulse Elastography; AST: 
aspartate aminotransferase; ALT: alanine aminostransferase; 
BMI: body mass index; INR: International Normalized Ratio; 
IQR: interquartile range; TE: transient elastography.

Variables	 No.=46

Age (years)**	 60 (57-63)
Sex, male*	 22 (47.8)
HCV RNA*105 (IU/ml)●	   3.93 ±2.41
HCV Genotype 1/2/3/4*	 32 (69.6)/3 (6.5)/
	 11 (23.9)/0 (0)
Total bilirubin (mg/dl)**	   1.1 (0.9-1.7)
AST (IU/l)**	 54 (25-117)
ALT (IU/l)**	 69 (35-129)
Albumin (g/dl)**	   3.7 (3.4-4.3)
Platelet count*103/μl**	 97 (105-125)
INR** 	   1.21 (1.1-1.57)
BMI (kg/m2)**	 27 (24-30)

Table 2. Characteristics of cirrhotic patients with the first quartile (q1) of ARFI liver values >2 m/s vs. q1 <2 m/s.

*Data presented as N (%) **Data presented as median (IQR) ● Data presented as mean±standard deviation (SD) 
ARFI: Acoustic Radiation Force Impulse Elastography; AST: aspartate aminotransferase; ALT: alanine aminostransferase; BMI: body 
mass index; INR: International Normalized Ratio; IQR: interquartile range; TE: transient elastography.

	 Cirrhotics with q1 <2 m/s (No.=27)	 Cirrhotics with q1 >2 m/s (No.=19)

Age (years)**	   63 (59-66)	   59 (56-61)
Sex, male*	   13 (44)	     9 (47.3)
HCV RNA*105 (IU/ml)●	     3.63±2.18	     3.89±1.97
HCV Genotype 1/2/3/4*	   18 (66.7)/2 (7.4)/7 (25.9)/0 (0)	   14 (73.6)/1 (5.2)/4 (21.2)/0 (0)
Total bilirubin (mg/dl)**	     0.95 (0.8-1.1)	     1.22 (0.93-1.6)
AST (IU/l)**	   56 (37-113)	   62 (35-129)
ALT (IU/l)**	   61 (41-124)	   72 (44-133)
Albumin (g/dl)**	     3.7 (3.4-4.2)	     3.5 (3.3-4.1)
Platelet count*103/μl **	 105 (95-125)	 120 (98-128)
INR** 	     1.18 (1-1.45)	     1.25 (1.14-1.58)
BMI (kg/m2)**	   28 (24-31)	   27 (23-29)
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In previous studies of Bota et al21,22, the authors evalu-
ated the influence of several technical parameters, includ-
ing IQR, on the correlation between ARFI elastography 
and histological liver fibrosis. They found that the cor-
relation was stronger when the IQR was less than 30% 
of the median value, whereas ARFI liver values did not 
correlate with fibrosis among patients with IQR ≥30%. 
They concluded that the IQR should be <30% to obtain the 
best correlation between ARFI values and liver fibrosis. 
However, we think that this is a misinterpretation of ARFI 
methodology, suffering from TE approach for validating 
liver stiffness measures. Differently from TE, ARFI is 
set to perform nine consecutive measurements for each 
“push” within the ROI and the final value has to fall in the 
confidence interval established at 95% to be considered 
reliable and represented on the screen in m/s. As a con-
sequence, every ARFI measure is intrinsically validated 
and the IQR variability should not be considered as a 
quality parameter but as an indicator of the heterogeneity 
in fibrosis distribution throughout the liver.

Our study has several limitations: we present data 
from a small cohort of patients, which may have limited 
the statistical power of our analysis. We did not include 
subjects with chronic hepatitis of different etiology and 
we were not able to measure HPVG. Also, we could not 
reassess patients with ARFI elastography at the end of 
the follow-up or at the time of clinical worsening.

CONCLUSIONS

Our results provide evidence that the evaluation of the 
heterogeneity of liver fibrosis by ARFI elastography may 
help identifying patients with compensated cirrhosis at 
higher risk for short-term clinical progression. As the 
prognosis of this subgroup of patients is poor, we believe 
that a prompt identification of high-risk individuals can 
help defining more appropriate strategies for follow-up. 
Further investigation on larger cohorts is warranted to 
confirm the results of our preliminary study. 
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sent prior to study enrollment.

Conflict of Interests:  
The Authors declare that they have no conflict of inte-
rests.

REFERENCES

  1.	 Shiha G, Sarin SK, Ibrahim AE, Omata M, Kumar A, Les-
mana LA, Leung N, Tozun N, Hamid S, Jafri W, Maruyama 
H, Bedossa P, Pinzani M, Chawla Y, Esmat G, Doss W, El-
zanaty T, Sakhuja P, Nasr AM, Omar A, Wai CT, Abdallah 
A, Salama M, Hamed A, Yousry A, Waked I, Elsahar M, Fa-
teen A, Mogawer S, Hamdy H, Elwakil R; Jury of the APASL 
Consensus Development Meeting 29 January 2008 on Liver 
Fibrosis With Without Hepatitis B or C. Liver fibrosis: consen-
sus recommendations of the Asian Pacific Association for the 
Study of the Liver (APASL). Hepatol Int 2009; 3: 323-333.

DISCUSSION

Liver fibrosis is known to be heterogeneously distributed 
within the liver of patients with chronic hepatic disease2. 
In a study evaluating the sensitivity and specificity of 
magnetic resonance elastography for staging hepatic 
fibrosis, Huwart et al3 observed that the heterogeneity of 
liver elasticity and viscosity increased with increasing 
fibrosis stage. In particular, it was higher among subjects 
with cirrhosis when compared to those with less severe 
fibrosis stages. Similar findings were reported by Rizzo 
et al5 with ARFI elastography and by Romero-Gomez et 
al4 using Fibro-Computed Tomography.

In the present study, we found that the evaluation of 
the variability of fibrosis distribution by ARFI elastog-
raphy can predict the short-term clinical progression of 
HCV-related cirrhosis. We hypothesized that patients 
with a first quartile of ARFI liver measurements greater 
than 2 m/s (identified as the best cut-off for predicting 
cirrhosis5) might have a more homogeneous fibrotic im-
pairment of liver parenchyma; in our study, we found a 
significantly higher rate of clinical progression of liver 
cirrhosis, as well as mortality, among patients with q1 
>2 m/s. Considering that the severity of liver fibrosis is 
closely related to the risk of hepatic decompensation17, 
it is not surprising to find out that patients with a more 
homogeneous distribution of liver fibrosis have a reduced 
hepatic functional reserve and an increased risk of clini-
cal progression of liver disease. Recent studies have sug-
gested that hepatic venous pressure gradient (HPVG) in 
an independent predictor of decompensation in patients 
with compensated cirrhosis18,19. However, measurement 
of HPVG is invasive and not routinely available in many 
centers. Therefore, noninvasive methods, such as ARFI 
elastography5,20, may represent a more accessible and 
acceptable way to risk stratify patients and define the 
most appropriate timing of follow-up. 

Figure 1. First quartile (q1) of ARFI liver values among patients 
with or without short-term clinical progression of cirrhosis. Q1 
was significantly higher in the group of subjects experiencing 
clinical progression of cirrhosis (2.06 (1.8-2.29) vs. 1.85 (1.64-
2.04), p=0.024).



ARFI predicts short-term decompensation in HCV cirrhosis 

5

13.	 Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Wil-
liams R. Transection of the oesophagus for bleeding oesoph-
ageal varices. Br J Surg 1973; 60: 646-649. 

14.	 Wang SB, Wang JH, Chen J, Giri RK, Chen MH. Natural 
history of liver cirrhosis in south China based on a large co-
hort study in one center: a follow-up study for up to 5 years 
in 920 patients. Chin Med J 2012; 125: 2157-2162. 

15.	 Castera L, Forns X, Alberti A. Non-invasive evaluation of 
liver fibrosis using transient elastography. J Hepatol 2008; 
48: 835-847. 

16.	 Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier 
C, Mal F, Christidis C, Ziol M, Poulet B, Kazemi F, Beau-
grand M, Palau R. Transient elastography: a new noninvasive 
method for assessment of hepatic fibrosis. Ultrasound Med 
Biol 2003; 29: 1705-1713. 

17. Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natu-
ral history of HCV infection. Nat Rev Gastroenterol Hepatol 
2013; 10: 553-562. 

18. Rincón D, Lo Iacono O, Tejedor M, Hernando A, Ripoll C, 
Catalina MV, Salcedo M, Matilla A, Senosiain M, Clemente 
G, Molinero LM, Albillos A, Bañares R. Prognostic value of 
hepatic venous pressure gradient in patients with compen-
sated chronic hepatitis C-related cirrhosis. Scand J Gastro-
enterol 2013; 48: 487-495. 

19. Bruno S, Zuin M, Crosignani A, Rossi S, Zadra F, Roffi L, 
Borzio M, Redaelli A, Chiesa A, Silini EM, Almasio PL, 
Maisonneuve P. Predicting Mortality Risk in Patients With 
Compensated HCV-Induced Cirrhosis: A Long-Term Pro-
spective Study. Am J Gastroenterol 2009; 104: 1147-1158. 

20.	Rizzo L, Attanasio M, Pinzone MR, Berretta M, Malaguarnera 
M, Morra A, L’Abbate L, Balestreri L, Nunnari G, Cacopardo 
B. A New Sampling Method for Spleen Stiffness Measure-
ment Based on Quantitative Acoustic Radiation Force Impulse 
Elastography for Noninvasive Assessment of Esophageal 
Varices in Newly Diagnosed HCV-Related Cirrhosis. BioMed 
Research International 2014; 2014: 365982. 

21. Bota S, Sporea I, Şirli R, Popescu A, Jurchis A. Factors which 
influence the accuracy of Acoustic Radiation Force Impulse 
(ARFI) Elastography for the diagnosis of liver fibrosis in pa-
tients with Chronic Hepatitis C. Ultrasound Med Biol 2013; 
39: 407-412. 

22. Bota S, Sporea I, Şirli R, Popescu A, Danila M, Sendroiu M. 
Factors that influence the correlation of Acoustic Radiation 
Force Impulse (ARFI) elastography with liver fibrosis. Med 
Ultrason 2011; 2: 135-140. 

  2.	Bedossa P, Dargere D, Paradis V. Sampling variability of 
liver fibrosis in chronic hepatitis C. Hepatology 2003; 38: 
1449-1457.

  3.	Huwart L, Sempoux C, Salameh N, Jamart J, Annet L, 
Sinkus R, Peeters F, ter Beek LC, Horsmans Y, Van Beers 
BE. Liver fibrosis: noninvasive assessment with MR elas-
tography versus aspartate aminotransferase-to-platelet ratio 
index. Radiology 2007; 245: 458-466.

  4.	Romero-Gómez M, Gómez-González E, Madrazo A, Vera-
Valencia M, Rodrigo L, Pérez-Alvarez R, Pérez-López R, 
Castellano-Megias VM, Nevado-Santos M, Alcón JC, Solá 
R, Pérez-Moreno JM, Navarro JM, Andrade RJ, Salmerón 
J, Fernández-López M, Aznar R, Diago M. Optical analysis 
of computed tomography images of the liver predicts fibro-
sis stage and distribution in chronic hepatitis C. Hepatology 
2008; 47: 810-816. 

  5.	Rizzo L, Calvaruso V, Cacopardo B, Alessi N, Attanasio 
M, Petta S, Fatuzzo F, Montineri A, Mazzola A, L’abbate L, 
Nunnari G, Bronte F, Di Marco V, Craxì A, Cammà C. Com-
parison of Transient Elastography and Acoustic Radiation 
Force Impulse for Non-Invasive Staging of Liver Fibrosis in 
Patients With Chronic Hepatitis C. Am J Gastroenterol 2011; 
106: 2112-2120. 

  6.	O’Brien MJ, Keating NM, Elderiny S, Cerda S, Keaveny 
AP, Afdhal NH, Nunes DP. An Assessment of Digital Image 
Analysis to Measure Fibrosis in Liver Biopsy Specimens of 
Patients With Chronic Hepatitis C. Am J Clin Pathol 2000; 
114: 712-718. 

  7.	 Lauterberg B, Preisig R. In: McIntyre N, Benhamou JP, Bircher 
J, Rizzetto M, Rodes J editor. Oxford Textbook of Clinical Hep-
atology. Oxford: Oxford University Press 1991; 1: 308. 

  8.	Asrani SK, Kamath PS. Natural History of Cirrhosis. Curr 
Gastroenterol Rep 2013; 15: 308. 

  9.	 Guglielmi A, Ruzzenente A, Conci S, Valdegamberi A, Iaco-
no C. How much remnant is enough in liver resection? Dig 
Surg 2012; 29: 6-17. 

10.	 Durand F, Valla D. Assessment of the prognosis of cirrhosis: 
Child–Pugh versus MELD. J Hepatol 2005; 42: S100-107. 

11.	 Hoekstra LT, de Graaf W, Nibourg GA, Heger M, Bennink 
RJ, Stieger B, van Gulik TM. Physiological and biochemical 
basis of clinical liver function tests: a review. Ann Surg 2013; 
257: 27-36. 

12.	Child CG, Turcotte JG. Surgery and portal hypertension. In: 
Child CG, editor. The liver and portal hypertension. Phila-
delphia: WB Saunders Co, 1964; pp. 50-64. 


