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The natural history of  chronic liver disease
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Cirrhosis is a progression of stages of 

increasing severity and non-reversibility 

increasing  vasodilatation



Fig. 1 

Journal of Hepatology 2006 44, 111-117DOI: (10.1016/j.jhep.2005.07.036) 
Nagula S, Jain D, Groszmann RJ, Garcia-Tsao G. J Hepatol 2006;44:111-117.

 Histological classification of the severity of cirrhosis
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Fig. 3 

Journal of Hepatology 2006 44, 111-117DOI: (10.1016/j.jhep.2005.07.036) 

Distribution of HVPG according to nodule size and septal 
thickness 

Nagula S, Jain D, Groszmann RJ, Garcia-Tsao G. J Hepatol 2006;44:111-117. Kumar M et Al, Aliment Pharmacol Ther 2008



4a                   4b                  4c

The Laennec scoring system of cirrhosis

Thickness of septa / size of the nodule

SU Kim, HJ Oh, IR. Wanless, S Lee, YN Park, J Hepatol 2012



The Laennec staging system for histological sub-classification of cirrhosis is useful for stratification of prognosis in patients with liver cirrhosis SU Kim, HJ 
Oh, IR. Wanless, S Lee, YN Park, J Hepatol 2012

Clinical relevance of scoring cirrhosis

SU Kim, HJ Oh, IR. Wanless, S Lee, YN Park, J Hepatol 2012

The Laennec scoring system for stratification of 
prognosis in patients with liver cirrhosis



Histological scoring systems categorize 
architectural changes

No quantitative progression across worsening 
categories 

No relation to amount of collagen (fibrosis) 
using trichrome/ reticulin stains which are 
general connective tissue stains

Sirius red staining identifies primarily collagen - 
the major constituent of fibrosis in chronic liver 
disease

Standish, 2006Standish, 2006

Issues for histological assessment of liver fibrosis 

ISHAK 
category 6

CPA 27%

ISHAK 
category 6

CPA 12%

Puchtler,  1988Puchtler,  1988



Correlation between 
area of fibrosis /
 Metavir stage

METAVIR
 STAGE

Area of fibrosis
by image analysis

(mean + SEM) 

F0
2 + 0.14

F1
3.4 + 0.25

F2
5.8 + 1.7

F3
14.7 + 3.77

F4
25.1 + 4.44

Bedossa et al, Hepatology 2003 Bedossa et al, Hepatology 2003 

Area of fibrosis (%)

Correlation between 
area of fibrosis /Ishak stage

Standish et al, Gut 2006Standish et al, Gut 2006



Computer assisted Digital Image Analysis (DIA)

Using segmentation of digital images to measure 

collagen proportionate area (CPA)



Spearman’s r = 0.67; p < 0.001



Relationship between CPA and HVPG  

Spearman’s r = 0.605; p < 0.001Calvaruso V et al, Hepatology 2009 Calvaruso V et al, Hepatology 2009 



Invasive and non invasive evaluation of disease 
progression in chronic viral hepatitis
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CPA correlates with HVPG and predict decompensation 
in patients with recurrent HCV infection and liver cirrhosis

Calvaruso V, et al. Journal of Gastroenterology and Hepatology 2012

p = 0.042 by Log rank test

compatible personal computer. The calibration of the camera setup
was 154 ¥ 154 pixels =23 716 =1 mm2. After whole-section
digital image capture, CPA was measured with Zeiss KS300 image
analysis software (Zeiss, Hertfordshire, UK). The CPA measure-
ment process included a manual editing step to eliminate image
artifacts, and operator-dependent thresholding to determine the
stained area of the section.

In our previous study,16 which evaluated our entire cohort of
patients with HCV recurrence after liver transplantation, we had
assessed intraobserver and interobserver variability by repeating
the CPA assessment using two sets of 20 biopsies (10% of cohort).
The concordance coefficients between the intraobserver and inter-
observer evaluations were 0.98 and 0.97, respectively.16

Hem odynam ic st udy. Hepatic vein pressures were mea-
sured using a 5-F balloon catheter (Royal Flush plus Straight
Visceral Angiographic Beacon tip catheter; William Cook Europe,
Denmark), using the technique recently described.26 Three sets
of measurements were taken using monitor DATASCOPE
MEDICAL 2000A 6189-L7 (London, UK), setting the external
zero point at the mid-axillary line. A difference 1 mmHg of the
free hepatic pressure gradient with the measured inferior vena cava
pressure was considered acceptable. Wedged hepatic vein pressure
was measured for at least 1 min each time. The trace was examined
to ensure “occlusion”. If there was patient movement or breathing
artifacts, measurements were repeated. HVPG (the difference
between the wedged and free hepatic pressure gradient) was cal-
culated as the mean of the three measurements.

St at ist ical analysis. All data were analyzed using the statis-
tical package SPSS (version 15.0; SPSS, Chicago, IL, USA). Con-
tinuous variables were summarized as median and interquartile
range (IQR), and categorical variables as frequency and percentage.
Correlation between variables was evaluated by Spearman correla-
tion. Significance testing was two sided and set to 0.05.

Comparisons between unpaired samples for HVPG and CPA
were made using the Mann–Whitney test, whereas paired com-
parisons in the same patient for HVPG and CPA were made using
the Wilcoxon test. Intraobserver and interobserver variability was
assessed by calculation of the concordance coefficient.

Logistic regression analysis was used to determine independent
associations with the HVPG cut-offs of 6 mmHg and

10 mmHg, representing the presence of portal hypertension26

and clinically significant portal hypertension, respectively.5 Dec-
ompensation was defined as ascites, variceal bleeding, or hepatic
encephalopathy. We evaluated the proportion of patients who suf-
fered decompensation and the time to the event by Kaplan–Meier
plots and log–rank analysis.

Resul t s

Ishak stage score 5 or 6 was diagnosed in 65 patients at a median
of 48 (range: 12–135) months after liver transplantation. In three
cases, a tissue for Sirius Red staining was not obtained, and the
patients were excluded. Among the 62 patients, 27 (56.5%) had a
diagnosis of developing cirrhosis (Ishak 5), and 35 (43.5%) of
complete cirrhosis (Ishak 6). A total of 24 patients developed
decompensation (18 ascites, 2 ascites and hepatorenal syndrome, 3

variceal bleeding, 1 portosystemic encephalopathy [PSE]) at a
median of 22 months (range: 4–56). HVPG at the time of histo-
logical diagnosis of developing or complete cirrhosis was mea-
sured in 43 patients (25 HVPG measurement in Ishak 5, and 18 in
Ishak 6), with a median value of 8 mmHg (IQR: 5–10). Portal
hypertension (HVPG 6 mHg) was found in 30 patients (69.8%),
and CSPH (HVPG 10 mmHg) in 13 patients (30.2%).

The median CPA value was 16% (IQR: 10.75–23.25) for all 62
patients. Analyzing only the 43 patients with HVPG measure-
ments, the median CPA value was 16.4% (IQR: 12–22). The dif-
ference between the medians of Child–Pugh score (CPS) and
HVPG for stages 5 and 6 were not statistically significant (CPS: 5
[IQR: 5–6] vs 6 [IQR: 5–8], P =0.132; HVPG: 7 mmHg [IQR:
4–9.5] vs 8.5 mmHg [IQR: 5.75–12.25] P =0.097), as we have
noted before.21 However, the CPA was statistically significantly
different: in stage 5, the median CPA was 13% (IQR: 8.3–12.4),
and in stage 6, it was 23% (IQR: 17–33.7) (P < 0.001; Table 1).

Overall, there was a significant correlation between CPA and
HVPG (r =0.370, P =0.017; Fig. 1).

We subdivided patients with HVPG values lower or higher than
10 mmHg (CSPH) as previously published.3

Table 1 Median and IQR values of CPS, HVPG and CPA, according

to Ishak stage score in all 62 patients, and in the 43 with HVPG

measurement

Variable Ishak 5 (35 points) Ishak 6 (27 points) P-value

Median value (IQR)

CPS 5.0 (5.0–6.0) 6.0 (5.0–8.0) 0.132

CPS† 5.0 (5.0–6.5) 6.0 (5.0–8.0) 0.243

HVPG mmHg† 7.0 (4.0–9.50) 8.5 (5.75–12.25) 0.097

Mean CPA (%) 13.0 (8.3–16.4) 23.0 (17.0–33.7) < 0.001

CPA (%)† 13.8 (8.0–19.0) 18.8 (16.8–26.1) 0.009

†Forty-three patients with HVPG measurement.

CPA, collagen proportionate area; CPS, Child–Pugh score; HVPG,

hepatic venous pressure gradient; IQR, interquartile range.

Figure 1 Correlation between collagen proportionate area (CPA) and

hepatic venous pressure gradient (HVPG) in 43 patients with recurrent

hepatitis C virus-related Ishak stage 5 or 6 after liver transplantation.

V Calvaruso et al. Collagen proportionate area and liver decompensation

1229Journal of Gastroenterology and Hepatology 27 (2012) 1227–1232

© 2012 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

CPA correlates with HVPG CPA predicts decompensation

p < 0.001



Clinical and histological associations with CSPH in 43 
patients with recurrent HCV infection, and Ishak stage 5 or 

6 after OLT

Calvaruso V, et al. Journal of Gastroenterology and Hepatology 2012



Digital Image Analysis of Liver Collagen Predicts Clinical Outcome of 
Recurrent Hepatitis C Virus 1 Year After Liver Transplantation

Manousou P et al, Liver International 2011 Manousou P et al, Liver International 2011 



Manousou P et al, Liver International 2011 Manousou P et al, Liver International 2011 



Collagen proportionate area (CPA) predicts clinical decompensation in 
patients with liver cirrhosis

No clinical 
decompensation

 Clinical decompensation

Tsochatzis E, et al. Journal of Hepatology 2014



Predictors of clinical decompensation at the

time of baseline biopsy in 69 patients with cirrhosis

Tsochatzis E, et al. Journal of Hepatology 2014



Collagen proportionate area (CPA) predicts portal hypertension 
and clinical decompensation in patients with HCV cirrhosis

Calvaruso V, et al. Alimentary and Pharmacological Therapy 2014

p = 0.026 by Log rank test



Free of events survival in patients with HCV 
cirrhosis according to CPA 

Calvaruso V et al. APT 2014.  



Calvaruso V et al. APT 2014.  

Risk factors for liver decompensation (LD) in 118 patients with biopsy 
proven HCV cirrhosis, prospectively evaluated by CPA



Liver collagen in cirrhosis correlates with portal 
hypertension and liver dysfunction

Forty-eight consecutive liver transplantation patients with established 
cirrhosis 

Hepatic venous pressure gradient (HVPG) and serum markers of liver 
failure determined prior to transplantation. 

CPA assessed in the explanted livers. 

CPA showed significant correlations with HVPG and with various surrogate 
markers of hepatic dysfunction including albumin, bilirubin, INR, MELD 
score and Child-Pugh score. 

CPA reliably discriminated HVPG ≥10 mmHg (AUROC 0.923, p < 0.001). 

Nielsen K, APMIS. 2014 Dec;122(12):1213-22 



Collagen continues to accumulate even when the biopsy stage is 
cirrhosis 

CPA measurement is a morphometric methods that continuously 
quantify collagen accumulation across the full spectrum of 
disease with no upper limit

CPA scores HCV cirrhosis with a continuous scale and predicts 
clinical outcomes. 

Research agenda

Evaluate the role of CPA, alone or combined with other tools, on 
the prediction  of liver decompensation in liver disease of different 
etiology

Evaluate if CPA could act as a histological standard for TE or 
other noninvasive markers of fibrosis. 

Take home messages
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