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Abstract

AIM: To provide the accurate alternative metrical means
of monitoring the effects of new antiviral drugs on the
reversal of newly formed collagen.

METHODS: Digitized histological biopsy sections taken
from 209 patients with chronic C virus hepatitis with
different grade of fibrosis or cirrhosis, were measured
by means of a new, rapid, user-friendly, fully computer-
aided method based on the international system meter
rectified using fractal principles.

RESULTS: The following were described: geometric
perimeter, area and wrinkledness of fibrosis; the collation
of the Knodell, Sheuer, Ishak and METAVIR scores with
fractal-rectified metric measurements; the meaning of
the physical composition of fibrosis in relation to the
magnitude of collagen islets; the intra- and inter-biopsy
sample variability of these parameters; the “staging”
of biopsy sections indicating the pathway covered by
fibrosis formation towards its maximum known value;
the quantitative liver tissue architectural changes with
the Hurst exponent.

CONCLUSION: Our model provides the first metrical
evaluations of the geometric properties of fibrosis and
the quantitative architectural changes of the liver tissue.
The representativeness of histological sections of the
whole liver is also discussed in the light of the results
obtained with the Hurst coefficient.
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INTRODUCTION
Background

Experimental medical research based on reductionism
retains in principle that the causes governing the processes
and controls of the formation, growth and behavioral
dynamics of living beings at macro-scalar levels can be
derived from the processes and controls that take place at
micro-scalar level.

This conception has led the hepatological disciplines
to seek exact quantitative descriptions of the contents of
liver fibrosis on the basis of the blood molecules related to
the presence of the newly formed structure! ™. The basic
idea is that the laws governing the set of processes and
controls acting at the scale of the formation of septal and
anular collagen structures can be translated into the set
of laws that regulate the dynamics of these molecules at
micro-scalar level when they enter the blood stream.

Sophisticated mathematical, physical and environmental
studies suggest that these phenomena are governed
by different multiple processes and controls (causality)
at every larger or smaller scale rather than that of
observation. The set of these multiple processes and
controls is known as multiple scale causality (MSC) .
The macro-scalar growth of liver collagen fibres evolving
into the septa and annuli of fibrosis is regulated by the
physical events of diffusion, percolation, stratification and
contraction of the extra-cellular matrix (ECM), and by the
processes of neo-vascularisation. These physical processes
are not involved in generation of microfibrils and fibrils,
which is limited on ECM deposition. This phenomenon
depends on the relationships between the processes of
collagen synthesis and lyses, which are different from the
biochemical processes that at a lower scale, regulate the
quantitative and qualitative behaviors of the molecules
formed during fibrogenesis and found in circulating blood.
In other words, this means “what happens in the test tubes
may be the same, the opposite, or bear no relationship at
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all to what happens in the living cells, still less the living
organisms”.

In brief, the MSC-based conception rejects the idea
that the laws regulating phenomena at one scale can in
principle be derived from those regulating phenomena at a
lower scale. In other words, every scale is characterized by
different degrees of entropy!”.

As the characteristics of MSC are not universal, it is
almost always impossible to establish a strict connection
between the phases leading an observed object from micro-
to macro-scalar positions and vice versa. Consequently, it is
very difficult to identify a one-to-one relationship between
the macro- and micro-scalar processes and controls of
liver fibrosis production.

These considerations have convinced us to improve a
direct, rapid and friendly method of measuring fibrosis
using a meter that is suitable for its naturally irregular
shape, provided that the biopsy procedures are performed
by experts’ %,

Liver biopsy is the only direct means of discovering the
changes in liver tissue induced by chronic B or C virus-
dependent inflammation and the fibrosis it causes'*"",
Although it is the canonical point of reference for
establishing the progression of the process, fibrosis has so
far only been estimated on the basis of semi-quantitative
evaluations**" or morphometric methods™*” that must
be considered approximate because of their use of the
international system (IS) meter, which is unsuitable for
measuring irregular shapes’ ',

Like all natural objects, the collagen islets making up the
fibrosis appear to be difficult to measure at all degrees of
magnification because of their highly irregular shapes’ "
Furthermore, they do not have a single measurement
because, at each enlargement (scale), their shape changes
as a result of the addition of new details which are
imperceptible at smaller scales. Mandelbrot have termed
these irregular bodies fractal objects”’.

The studies of Perrin® in 1906, Hausdorff*” in 1919,
Richardson™ in the 1950s, and Mandelbrot ¢z a/*” in the
1970s and 1980s suggested a new geometry that has made
it possible to measure such objects using a method that
can be made simple with aid of computer technology.

The aim of this paper was to present the first results
of the quantitative analysis of histological liver bioptical
sections made using new metrics suggested by the
concepts of fractal theory.

Our contribution to the quantitative evaluation of
fibrosis in liver biopsies concerns: (1) the closest to real
metric estimate of the surfaces covered by fibrosis and
the quantitative classification of collagen islets; (2) the
collation of metric and traditional semi-quantitative
evaluations of collagen area; (3) considerations concerning
the relationships depending on specific estimates defined
by real numbers as a means of identifying the stadium
of fibrosis; (4) the interior-to-edge metric relationship of
the collagen islets used as an index of wrinkledness; (5)
the definition of the harmonic state of the architectural
structure of liver tissue, and the recognition and
classification of its disharmonic states or architectural
disorder using Hurst’s exponent; (6) the intra-sample
variability of fibrosis (area, wrinkledness and Hurst’s
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Figure 1 Prototypical catalogues
of the Sirius-red stained collagen
islets forming liver fibrosis, which
consists of a set of irregularly shaped
(wrinkled) objects.
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exponent); and (7) the variability of the latter parameters
in eight samples taken from the explanted liver of a
transplant patient.

Theory and objects
Characteristics of collagen islets The spaces occupied
by the collagen islets making up fibrosis (Figure 1), and
those occupied by the surviving fragments of parenchymal
tissue, are both characterized by irregular shapes
that exclude them from the application of Euclidean
geometry' 'l However, their configurations make them
members of the family of asymptotic statistical fractals
(also called truncated fractals as they cannot be endlessly
fracted)”!.
Dimension The dimension of an object indicates the
Euclidean space it occupies. The fractionable “smooth”
objects of classic geometry (a point, straight line, plane,
and solid figure) occupy spaces whose dimensions are
expressed by the whole numbers zo, 1, 2 and 3, whereas
the irregular objects that are frangible into irregular
pieces (sets of points, broken lines, undulating planes
and irregular solids) occupy the intermediate spaces, and
therefore have dimensions that cannot be expressed by
whole numbers. In 1977, Mandelbrot”” defined the objects
whose dimensions are denoted by non-whole numbers as
“fractals”. The fractal dimension is indicated by D, and the
Euclidean (ot topological) dimension by Dy.
Harmonic state of liver tissue The use of an analytical
method based on a new geometry requires a brief formal
description of the natural history of chronic virus-related
hepatitis starting from the axiom that is defined by the
persistence of a discreet necro-inflammatory process
maintaining the activity of the ECM—scollagen—sfibrosis
production system. The growth of fibrosis interrupts the
continuity of the parenchyma, dissects it into irregular
pieces, and compresses and atrophies the pieces enclosed
in the fibrotic mass. This has two consequences: 1) it
disrupts the natural harmonic state of the metric spaces
covered by both natural fibrosis and the parenchyma, and 2)
it alters the typical lobular architecture of hepatic tissue.

Using these axioms, the process can be represented by
the first-order general equation:

2= fix) 1)

in which z denotes the harmony of the natural architecture
of liver tissue, x the metric space covered by fibrosis,
and y the metric space covered by the parenchyma.
The relationship of z to x and y can be indicated by the
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h Figure 2 Categorial model of the
harmonic state of liver tissue, in
which z denotes the harmony
of the natural architecture of
liver tissue, x the metric space
covered by fibrosis, and y the
g metric space covered by the
parenchyma.

categorial representation (Figure 2), which shows the
dependence of the state of z on the extension over z of
the relationships between the “objects over” indicated by x
and yin fix —y).

As the variations in x and y are interconnected by
the equality (z-x)+(3-y)=17, we can consider x and y as
complementary spaces, and so the expression z = f{x—y)
can be simplified to the form z = f{x). The harmony of
natural architecture of liver tissue is characterized by 3%
fibrosis and 97% lobular parenchyma™.

The evaluation of the metric space covered by the
fibrosis induced by pathogenic agents is therefore sufficient
by itself to describe the variations in the harmonic state of
liver tissue architecture.

An alteration in the natural quantitative relationship
between fibrosis and the parenchyma leads to the loss
of the natural lobular architecture of hepatic tissue in a
continuous but irregular progression that fractal geometry
calls a random walk, or Brownian process[33’34]

MATERIALS AND METHODS

Patients

Two hundred and seven consecutive needle biopsy
specimens (=10 mm long) were taken from 74 female
and 135 male patients (mean age: 52F 13 years) with
chronic C virus-related liver disease. To evaluate the
inter-sample variability of geometric characteristics of
fibrosis, a total of six biopsy specimens were sampled
from a liver explanted from a patient with clinically and
histologically proved cirrhosis undergoing orthotopic liver
transplantation. Each biopsy specimen was taken from a
single segment of the liver.

Histological procedure

The study was performed in accordance with the
guidelines of the Ethics Committee of the Istituto Clinico
Humanitas, Rozzano and Ospedale Maggiore, Milan, Italy.
All the patients were informed of the possible discomforts
and risks of bioptic sampling. The liver specimens were
fixed in 10% formalin and embedded in paraffin, and 2
um thick sections were cut and stained with a freshly made
0.1% Sirius red staining solution”.

Semi-quantitative evaluations

At least three expert pathologists independently staged the
biopsies using Knodell’s histology activity index (HAI),
and the Sheuher, Ishak and METAVIR scoring systems.
The number of available portal tracts in the liver fragment

was assured on the basis of the indications established for

the individual methods"**".

Quantitative image analysis

Our specially developed computer program could ensure:
computer-driven microscopy focusing, digitation of the
whole histological section and its fractal dimension and
Hurst’s exponent, less-biased measurements of ecach
collagen islet and fibrosis mass raster perimeter length
and area magnitude corrected by the fractal dimension,
and wrinkledness of the fibrosis”'". The time required
for the whole analytical operation using this software was
30 s/mm”, as determined on a standard reference needle
specimen section, and was carried out at a microscopic
magnification of X200 (the measurements were valid only
for that scale). The observed objects were measured using
the IS meter rectified by their fractal dimension. When
present, Glisson’s capsule was included in the physiological
amount of ECM, which was estimated as being 3% of the

true area of the section”.

Fractal dimension estimates
The fractal dimensions were automatically estimated using
the box-counting method and the formula:

Ds=lim LogN() 2)

¢=0Log(1/¢)

in which, Ds is the box-counting fractal dimension of
the object, ¢ the side length of the box, and N(e) the
smallest number of boxes of side ¢ required to cover the
surface or the outline of the object completelyr”11‘33’3 . As
the zero limit could not be applied to biological objects,
the dimensions were calculated as D =d, where d is the
slope of the graph of log [N(¢)] against log 1/¢. The log-
log graphs were plotted, and the linear segments were
identified using least squares regression. Their gradients
were calculated using an iterative resistant line method.

Computation of Hurst’s exponent

Hurst’s exponent, which gives a measure of the
heterogeneous distribution of a set of irregularly-shaped
objects[‘%%], was obtained using the general relationship:

H=E+1-D 3)

where E indicates the Euclidean topological dimension,
and D the fractal dimension of the surface covered by
the extensions of all the collagen islets making-up the
fibrosis. This exponent is capable of evaluating the loss
of natural order that occurs in the histological picture
as a result of the disruption of the natural quantitative
relationship between the metric spaces covered by fibrosis
and the parenchyma[“]. This could give the alterations the
significance of a physical variable, make Hurst’s exponent
the descriptor of the configurational disorder of the
hepatic tissue, and leave the fractal dimensions of the
collagen islets and fibrosis the significance of an evaluation
of how “densely” they occupy the metric space in which
they lie and their spatial position.

In brief, Hurst's exponent values near to 1 quantitatively
indicate a large loss of architectural harmony in the system
(z.e. disordered states), whereas values near to zero indicate
its preservation (Z.e. states of structural order).

The reduction in Hurst’s exponent could also be
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interpreted as an index of the limited stability of a fractal
object progressing towards more advanced states of stability.

Unit of measure
The construction of a meter with the most favorable
spatial dimension for measuring the perimeter and area
of the collagen islets was based on the assumptions that
broken or mixed (in any case irregular) lines could be
described as a “dilatative” (expanded) state of a straight
line, and that their irregularity could be measured using the
fractal dimension with similatr criteria to those with which
the coefficient of dilatation (1) could be used to describe
the length of a linear object before (5) and after (§) its
exposure to the effect of heat expressed in the following
formula:

S=s 1+l 4)
where #1is the duration of heat exposure[m].

According to this principle (which has been discussed
elsewhere), the meter suitable for measuring a fractal
object () could be obtained using the formula:

me =m [1 + B (De-Dy)] 5)

in which, mr indicates the rectified meter, m the IS meter,
B the dilatation constant of the unit of measure, Dr the
fractal dimension of the perimeter, and Dy the topological
ot Euclidean dimension"”. The metric perimeter and area
measurements were detected using the true liver biopsy
area (indicated by the symbol As), by which we meant the
surface area excluding any vascular, bile channel, sinusoidal
or other empty spaces created by tissue loss during
specimen manipulations.

Statistical analysis

All the data were expressed as meantSD. The linear
regression analysis was made using Spearman’s correlation
and Student’s 7 test with Statistica software (StatSoft Inc.,
Tulsa, OK, USA). P<0.05 was considered statistically
significant. The degree of intra- and inter-sample
variability was quantitatively evaluated using the coefficient
of variation (CV) given by the formula CV=S8D/mean.
Quantitative measures of fibrosis surfaces were compared
(collated) with those of the score categories of the four
currently used semi-quantitative methods.

RESULTS

Measurement of fractal dimension

By evaluating this parameter in our case-list of patients
with chronic C virus-related hepatitis, we obtained
dimensional values (D) ranging from 1.22 to 1.79. The
value of this parameter increased depending on the
extension of the fibrosis, with a regression curve ratio of
r=0.81.

Perimeter measurements

The fibrosis perimeter (Pc) defined the sum of the
perimeters all of the Sirius Red-stained areas of collagen
in each biopsy section measured using the IS meter. The
fractal fibrosis perimeter (Pcr) defined the same sum of
perimeters measured using the fractal-rectified meter.
The mean Pc was 860.64 £ 588 um, and the mean Pcr was
2966.1 £2304.4 um (P<0.0005). The marked difference

www.wjgnet.com

Figure 3 Trajectory of the
dynamics of the fibrotic process
considered as a continuous
straight line going from 0% to
48.84% (the highest empirically
observed percentage), without
any jumps or abrupt swervings.
The interaction of every
experimental scalar expressing
the state of the propositus fibrosis
and the points of the geometric
model gives the staging of
fibrogenesis.

Fibrosis surface (%)

A was 225.21 £38.69% due to the rectification, which
included most of the fine, irregular particulars escaping
the IS meter, thus making the result very close to reality. In
this study, we only used the measurements corrected using
the fractal dimension. The scalars indicating the length of
the perimeters of fibrosis in each of the sections of the
209 bioptic samples fell within a range that was only closed
at the zero point because the maximum value was not
defined and could theoretically be greater.

Area measurements

The area of fibrosis (Ac) defined the sum of the areas of
the Sirius Red-stained collagen islets measured using the
IS meter. The fractal area of fibrosis (Acr) was the sum
of the areas of Sirius Red-stained collagen islets measured
using the fractal-rectified meter. Both were expressed as
a percentage of the total true area. The minimum and
maximum values of Acwere 1.01% and 48.47% of the
specimen area, the corresponding Acr values were 1.34%
and 48.84%. In this case, although statistically significant
(P<0.005), the A(6.61%%4.79%) was small because
histological sections were planar and the fractal measure
of area depended only on its irregular contour. The scalars
indicating the extent of the area of fibrosis in each of
the sections of the 209 bioptic samples also fell within a
range that was only closed at the zero point because the
maximum value was not yet defined and could theoretically
be greater.

Fibrosis staging of histological section

We constructed a geometrical model of the set of all states
of ECM deposition on the line of real numbers as their
state space using the scalars obtained from the fibrosis
measured in our biopsies. The q (start) of the fibrotic
process was fixed at 0% and the m (end) at 48.84% of the
area of the section (Figure 3). This model could represent
a conventional interpretation of the ideal path that could
be covered by potential fibrosis deposition in liver tissue.
The staging observed in the histological section under
examination was given by the relationship between the
scalar expressing the actual fibrotic state of the section and
the point indicated by this geometric model.

Classification of collagen islets
During the course of chronic hepatitis, fibrosis appeared
under the control of stellate cells in the form of thin
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fibers that tended to grow in width and length within the
portal space, around these structures and the central veins,
and along the capillarised sinusoidal network. The three-
dimensional interconnections of these collagen structures
led to the formation of a fibrous network in which
irregular meshes appeared as a set of collagen islets on
different magnitudes on planar histological sections.

The logarithmic distribution of this set of 2.8 million
collagen islets from 209 cases showed that it could
be divided into three classes of elements of different
magnitude: the collagen islets of 10-10° ernZ, those of
between 10° and 10" wm? and those between 10* and 10°
pmz. All the histological sections contained islets with
these classes of metrical values. In order to clarify the
meaning of their presence, we first ordered the results of
the fibrosis surface areas and constructed them in function
of their magnitude as a Markovian curve (Figure 4).

The values of the islets belonging to the three
subclasses in each bioptic section were plotted on the
basis of the order of a Markovian curve, which generated
the three irregular curves formed by the sets of islets
belonging to each subclass. The fractal dimension of these
curves showed that the Markovian reference curve had a
fractal dimension of 1.1, whereas the curves of the three
subclasses of the largest, medium-sized and smallest islets
were respectively 1.9, 1.99 and 1.95. Fractal geometry
suggested that the high fractal dimensions of the collagen
islet subclasses could describe the instability of the
collagen structure as it passed towards more stable fibrotic
states””

Collagen area metric and semi-quantitative evaluations

The relationships between our measurements of fibrosis,
the semi-quantitative Knodell histology activity index, and
Sheuer, Ishak and METAVIR scores were investigated
by comparing the portraits of each category of elements
obtained by labeling the different semi-quantitative values
on a geometric model using the line of real numbers as
state space (Figure 5). The overlapping metric measures
showed that samples with very similar metric surface arcas
fell into different categories while specimens with different
metric surface areas fell into similar categories. Incidentally,
our results reinforced the criticism by Rousselet e a/”
who have recently criticized the METAVIR system for

Figure 4 Comparative analysis of
Markovian sequence of the amount
of fibrosis, and the three sequences
expressing the classes of magnitude
of the collagen islets identified in
209 needle biopsy specimens. (1).
Markovian sequence of the total
amount of fibrosis in a histological
biopsy section (blue line); (2).
Percentage of collagen islets with a
magnitude of 10*-10° um’ (red line);
(3). Percentage of collagen islets
with a magnitude of 10°-10* um’
(fuchsia line); (4). Percentage of
collagen islets with a magnitude of
10"-10° um’ (green line).
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Figure 5 Comparison of the phase portraits obtained using the scalar values of
the rectified areas of fibrosis projected onto the state spaces of each Knodell HAI
(A), Sheuer (B), Ishak (C), and METAVIR category (D). All the graphs highlight the
considerable overlapping of the data referring to different categories.

evaluating fibrosis.

Wrinkledness

Wrinkledness (W), a typical characteristic of all natural

fractal objects“”, could be obtained using the formula:
p=Pecr - R 6)

2NaAcr

where R is the roundness coefficient of each islet.

The mean W value obtained by measuring the
209 biopsy sections was 731.31298.72. As expected,
this variable did not depend on the area of collagen
(r=0.14), but was highly dependent on the length of its
perimeter (7=0.80). Preliminary data showed that IV was
independent of the degree of necro-inflammatory activity
(data not shown).

Measurement of Hurst’s index

The same 209 patients provided us with H values ranging
from 0.21 and 0.71. As said in the premises, we considered
this index a quantitative variable of the alteration in hepatic
tissue architecture. The ratio between H and the extension
of the area of fibrosis indicated that the increased fibrotic
area could lead to an extended loss of the natural harmony
of this architecture (»=-0.81).
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Table 1 Intra-sample variability in the area and wrinkledness of

fibrosis

Patient

n Acr(%) cv w Ccv H CcvV

number
1 30 597+495 0.83 788.63+590.48 0.75 0.51+£0.14 0.27
2 30 9.77+2.64 0.27 830.52+124.93 0.15 0.475+0.04 0.08

3 30 20.15+£5.51 0.27 69+140.88 0.18 0.38+0.03 0.09

Note: Patient No.1=Without pathology; Patient No.2=Chronic hepatitis with
intial fibrosis; Patient No.3 =Cirrhosis; n=number of sequential sections;
Acr=Fractal fibrosis area; CV = Coefficient of variability (standard deviation/
mean); H=Hurst' exponent.

Intra-sample variability in area, wrinkledness and Hurst’s
exponent of fibrosis

In order to define the usefulness of generating numbers
(or other kinds of invariants) to label the investigated
structures in such a way that those with the same label
could be considered alike and those with different labels
could be considered different, the irregular tectonics of
fibrosis was investigated in 30 sections taken at equal
intervals from two patients with different degrees of
disease severity and one was considered normal. The
data (Table 1) showed the highly multifarious areas and
wrinkledness of the collagen islets in the different sections.
However, the Hurst’s exponent was found less variable.

Inter-sample variability in area and wrinkledness of
fibrosis

There was a high degree of inter-sample variability in
the area (CV=41%), outline perimeter (CV =061%), and
wrinkledness of fibrosis (CV =38%). The inter-sample
variability in Hurst’s exponent was less (CV = 13%).

DISCUSSION

We have described a purely quantitative method of
assessing liver fibrosis based on the theory of measure,
which is the point of departure of all our concrete
knowledge of the physical world, and the main reference
for the construction of predictive and monitoring
models™”.

During this study, our first difficulty was to measure
the collagen islets making up liver fibrosis using standard
metrics, because their irregularity excluded them from

Euclidean geometry, which was created to describe
smooth objects. Collagen islets can therefore only be
measured using the principles of fractal mathematics and
geometryml]

Unlike the regular objects of Euclidean geometry, fractal
objects do not have a single measure because it changes at
every scale of observation as the result of the appearance
of details that are imperceptible at lower magnifications,
thus measurements have to be made at a well-defined
scale!,

The second difficulty was to identify the epistemological
difference between the meanings of quantitative metric
measures and the definition of a diagnosis of fibrosis in
chronic inflammation or its progression to cirrhosis, which
could be considered a radically different clinical condition.
After making numerous experiments with our computer
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program, to analyze entire Sirius red-stained biopsy
sections we established that the most favorable
magnification was 200 X, thus this magnification was used
to digitize the microscope images.

After this methodological study, which considered the
process of fibrogenesis as nothing rather than a physical
phenomenon, we asked ourselves three basic questions,
namely what have we learned about the meaning of liver
tissue fibrosis? what new knowledge have we acquired
after having measured the new canons of liver tissue
architecture and classified their changes with scalars?
and how much can these new notions be used in clinical
practice to discriminate the progression or regression of
fibrosis?

The first new notion was to extend the concept of
the fractal dimension to metric measurements that might
closely approximate the real magnitude of the irregular
objects under observation.

Sensu stricto, the results of the intra-sample behavior
and inter-sample variability study showed the non-
representativeness of the perimeter and areas of fibrosis:
the former due to its dependence on the extension of the
bioptic specimen, and the latter for the high variability of
the distribution of the inflammation process in the organ.

We added the staging of the evolution of ECM
deposition towards stages of non-tolerability using the
scalars obtained from the two-dimensional measurements
of the area of the fibrotic mass. Although hardly
representative and no more than a resonance of the
mesomorphic process taking place in the environment,
this information has some clinical interest if only as a very
generic quantitative portrait of the general condition of
the liver.

The quantitative relationships between the edge-interior
of the fibrosis mass generated the new concept of its
wrinkledness.

The collagen islets were categorized into three classes
on the basis of the magnitude of their areas, which
provided clues to their state of instability that indicated
the activity of the fibrogenetic process. High presence of
islets belonging to these subclasses according to the fractal
geometty, is a signal of collagen structure instability in
transition towards more stable states.

The distribution of the quantitative values of the areas
covered by fibrosis in each category of the four semi-
quantitative methods of evaluation clearly and simply
confirmed the unreliability of the semi-quantitative
systems themselves. This inadequacy could also be seen
even when the histological preparations were analyzed by
expert hepato-pathologists whose experience encompasses
a large number of observed cases.

Interest in the collagen/parenchyma ratio led us to
recognize the canons (mathematical laws) governing the
natural “harmonic state of liver tissue”, by which the order
that characterizes its organized fibrous and parenchymal
components (considered prime bodies) in such a way
can provide a definition of the natural histological
architecture of liver tissue. This can be defined in two
dimensions on the basis of the extension of the metric
spaces covered by fibrous tissue (no more than 3%) and
the parenchyma (97%). It can be intuitively understood
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that altered proportions between these spaces disrupt the
natural harmonic state by creating disorder in the natural
lobular structure of the liver tissue. In this sense, the
words “measure” and “architectural alteration” in Ishak’
s classical semi-quantitative definition (1995) ..."[Staging]
... is a measure of fibrosis, and architectural alteration, i.e.
structural progression of the disease..." really indicate a
rigorous metric value, and the term architectural alteration
of this definition acquires the consistency of a measurable,
scientific variable of state.

In order to quantify the architectural alteration, we
used Hurst’s exponent, and analysis of its variability gave
the following promising results: the least variability in
thirty sequential sections (intra-sample variability), the
greatest representativeness in six samples of hepatic
tissue obtained from different parts of the liver (it was
not possible to speak of lobes because of the advanced
structural alterations induced by cirthosis). This last result
is currently further investigated in our laboratories.

In conclusion, although a number of serum fibrosis
markers have been discordantly proposed ™" the results
of this study strongly underline the primary role of liver
biopsy in the qualitative diagnosis of chronic liver disease
and its usefulness in evaluating fibrosis in a metrically
rigorous manner. The use of quantitative descriptors of
irregularly-shaped fibrosis should shed new insights into
the dynamics of viral and non-viral liver diseases. We are
concentrating on the clinical use of Hurst’s exponent after
antiviral drug treatment as it can quantitatively demonstrate
a drug’s effect on fibrosis with a very low error.
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