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Background: Liver cirrhosis is the fourth cause of death in adults in Western countries, with complications of portal
hypertension being responsible for most casualties. In order to reduce mortality, development of accurate diagnostic
methods for early diagnosis, effective etiologic treatment, improved pharmacological therapy for portal hypertension,

and effective therapies for end-stage liver failure are required.

Discussion: Early detection of cirrhosis and portal hypertension is now possible using simple non-invasive
methods, leading to the advancement of individualized risk stratification in clinical practice. Despite previous
assumptions, cirrhosis can regress if its etiologic cause is effectively removed. Nevertheless, while this is now
possible for cirrhosis caused by chronic hepatitis C, the incidence of cirrhosis due to non-alcoholic steatohepatitis has
increased dramatically and effective therapies are not yet available. New drugs acting on the dynamic component of
hepatic vascular resistance are being studied and will likely improve the future management of portal hypertension.

Conclusion: Cirrhosis is now seen as a dynamic disease able to progress and regress between the compensated and
decompensated stages. This opinion article aims to provide the author's personal view of the current major advances

and challenges in this field.

Keywords: Hepatic venous pressure gradient, Non-invasive methods, Liver stiffness, Therapy, Transjugular intrahepatic

portosystemic shunt

Background

Chronic liver disease (CLD) affects more than 29 million
people in Europe [1] and over 300 million people world-
wide. The main causes of CLD are alcohol abuse, chronic
viral hepatitis, and metabolic factors (non-alcoholic fatty
liver disease). Over time, extracellular fibrotic tissue de-
velops and accumulates in the liver as a result of chronic
injury, progressively leading to fibrous septa that prevent
normal oxygenation and blood exchange to the liver par-
enchyma. This late stage, featuring marked liver anatom-
ical changes, including hepatocyte extinction, micro- and
macrovascular remodeling, neoangiogenesis, nodule for-
mation, and development of portosystemic shunts, is
termed ‘cirrhosis’ [2]. Mortality in CLD is primarily due to
complications of liver cirrhosis and hepatocellular carcin-
oma (HCC), which is considerably more prevalent in pa-
tients with cirrhosis. The term ‘advanced chronic liver
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disease’ (ACLD) has been recently proposed to better mir-
ror the late stages of CLD, which should be considered
within a continuum spectrum, ranging from severe fibro-
sis to fully developed cirrhosis [3].

Compensated versus decompensated cirrhosis:
the burden of advanced chronic liver disease
(ACLD)

According to the largest study available thus far [4],
cirrhosis represents the fourth cause of death due to
non-communicable diseases worldwide, with the total
number of deaths from cirrhosis and liver cancer having
steadily risen by approximately 50 million per year over
the last two decades. This large mortality rate is due, to
some extent, to a late diagnosis. A decades-long asymp-
tomatic stage during which no overt sign of the disease
is noticed is characteristic of CLD. Indeed, even after the
onset of cirrhosis, the disease can remain
asymptomatic, or ‘compensated;, for a long time [5].
Nevertheless, during this time, portal hypertension
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progressively develops, usually accompanied by a
decline in hepatocellular function.

Portal hypertension is the major driver in the transi-
tion from the compensated to the ‘decompensated’ stage
of cirrhosis [5], defined by the presence of clinical com-
plications, including ascites [6], bleeding from gastro-
esophageal varices [7], spontaneous bacterial peritonitis
[8], hepatorenal syndrome [6], and hepatic encephalop-
athy [9]. Further decompensating episodes are often trig-
gered by bacterial infections [10], and are associated
with a very high mortality risk. From a prognostic point
of view, compensated and decompensated cirrhosis are
dramatically different, and can be considered as two sep-
arate diseases. Furthermore, within these two major
stages, several sub-stages with varying risk of further de-
compensation and death can be identified [11] (Fig. 1).
Knowledge of the pathophysiological mechanisms driv-
ing the transition within these stages is key in the
current management of cirrhosis [7]. Besides its negative
impact on life expectancy, cirrhosis implies several other
burdens, including a marked increase in healthcare costs
due to hospitalization and treatment (estimated at ap-
proximately $2.5 billion per year in the US) [12], loss of
productivity (estimated at $10.6 billion per year in the
US) [12], and a marked reduction in quality of life [13].
These burdens are almost exclusively caused by compli-
cations during the decompensated stage.

Given that chronic viral hepatitis C (HCV) is a leading
etiology of CLD [14], the recent availability of direct, high
efficacy oral antiviral agents against HCV represents a
major breakthrough towards achieving a reduction in
mortality linked to CLD. Unfortunately, despite the reduc-
tion in the incidence of HCV-related liver disease compli-
cations already observed [15] and the marked decrease
further expected over the coming years, over 40% of HCV
infection cases have not been identified and may be recog-
nized at a late, decompensated stage, when treatment of
the viral infection may be futile [16]. In addition, other eti-
ologies of CLD are becoming more common or remaining
steadily frequent. Cirrhosis due to non-alcoholic steatohe-
patitis is markedly increasing as a consequence of the
obesity pandemic worldwide [17], already ranking sec-
ond among the etiologies of cirrhosis in patients on the
waiting list for liver transplantation in the US [15].
Furthermore, liver disease associated with alcohol use
disorders is highly prevalent worldwide, and is particu-
larly relevant in Europe, where it accounts for the high-
est proportion of cirrhosis cases [18]. Of note, over the
past 30 years, mortality due to cirrhosis in Europe
increased in areas with the highest alcohol consump-
tion (United Kingdom, Eastern Europe, Ireland, and
Finland) [19]. Nevertheless, in several countries within
the EU limiting alcohol use is not yet considered an
absolute priority for policy-makers [20].
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Over the last decades, new knowledge on the patho-
physiology, diagnostic methods, and therapy of cirrhosis
and portal hypertension have significantly improved the
management of this disease, with a marked reduction in
mortality related to some of its complications, particu-
larly variceal bleeding [21]. However, in a recent analysis
based on over 100,000 cases, 30-day mortality following
discharge for any decompensation of cirrhosis was equal
to or even higher than that observed 10 years prior, sug-
gesting that the burden of mortality was merely shifted
to the immediate postdischarge period [22]. Among the
major determinants of mortality are inflammation in
acute-on-chronic liver failure (associated with different
complications of end-stage liver disease) and HCC
[23] (not discussed in the present paper), both of which
have been the subject of extensive research but remain
unsatisfactorily resolved.

To achieve a substantial improvement in survival,
every step of the management process of patients with
ACLD should be addressed and optimized (Fig. 2). An
early diagnosis of cirrhosis, ie., within the compensated
stage, and an accurate risk stratification are key to the
following steps. Indeed, in the author’s opinion, the use
of resources at this initial step (e.g., initiation of HCC
surveillance, endoscopic screening of varices needing
treatment in patients at high risk, prevention of decom-
pensation by appropriate non-pharmacological and
pharmacological therapy) is largely justified by the ex-
pected survival benefits.

Early diagnosis and risk stratification: moving
towards personalized medicine

The reference standard methods to diagnose cirrhosis,
portal hypertension, and esophageal varices are liver bi-
opsy, hepatic venous pressure gradient (HVPG) measure-
ment, and endoscopy, respectively [24]. All of these
methods are invasive, and require expertise to be correctly
performed and interpreted. Undoubtedly, the availability
of novel non-invasive diagnostic methods, and ultrasound
elastography in particular, has enhanced the likelihood of
early diagnosis of ACLD, facilitating the identification of
patients with compensated disease who are at high risk of
complications, prior to the occurrence of decompensation.
Liver stiffness (and more recently spleen stiffness) can be
measured by various ultrasound elastography methods
[25], and mirrors the severity of liver disease and portal
hypertension in patients with compensated ACLD [26].
The diagnosis of clinically significant portal hypertension
(CSPH; HVPG = 10 mmHg) is made possible by elastogra-
phy, with an accuracy greater than 80% when using a bin-
ary cut-off approach [27]. As with all numerical variables
holding prognostic value, liver stiffness can be modeled
and calibrated, and the risk (probability) of CSPH can be
calculated according to the measured values [28], thus
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bleeding
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Prevent decompensation
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Carvedilol
(7;27)
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antibiotic
proph. +
avoid
overtransfuse
(7;27)

Prevention of
rebleeding:
NSBB+EVL+
Statins (53)

Early TIPS in
high risk
patients

(64;65)

Nutritional
therapy

Consider OLT

Reduce mortality
Liver and renal function (5)
HVPG response to NSBB (39-41)

Alcohol intake

DECOMPENSATED
CSPH present in all cases
Stage 3 Stage 4 Stage 5
Variceal First non- Any second
bleeding bleeding decompensation
without any | decompensation (e-g- recurrent
other (e.g. ascites, HE, | Variceal
A Hemorrhage;
complication SBP) i
refractory ascites;
HRS; hyponatremia;
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10% 21% 5-year-
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87%
21% Ascites 10% further
(Stage 4) decompensation
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Prevent further Reduce
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patients; weekly
i.v. Albumin+
standard medical
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antibiotic
therapy;

prophylactic
antibiotics after a
first SBP episode
(6;8)

HE: Rifaximin (56)
Nutritional therapy

Consider OLT

(35)
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refractory
ascites (selected
patients)
recurrent
bleeding: TIPS (6;
7; 66)

HRS: Terlipressin
+Albumin (6)

Ascites in Child
C: Norfloxacin
(62)

Nutritional therapy

Consider OLT

Fig. 1 Clinical stages of cirrhosis. The first major classification is based on the absence or presence of complications. Cirrhosis is named ‘compensated’
in the absence of complications, and ‘decompensated” if complications are present or have been present in the past. In patients with compensated
cirrhosis, the presence of clinically significant portal hypertension (HVPG =10 mmHg) identifies a substage with higher risk of developing
any complication (varices, decompensation). The decompensated stage is characterized by a high risk of progression to further decompensation, liver
failure, and death. Evidence-based therapy has been developed by targeting the pathophysiological mechanisms driving the transition from a given
step to the following one. The major advances in each stage are indicated within the figure

leading to personalized medical decision-making. The vast
data available regarding the relationship between liver
stiffness, CSPH, and varices led the Baveno VI consensus
conference on portal hypertension, held in 2015 [29], to
suggest a simple combination of liver stiffness measured
by transient elastography (<20 kPa) and platelet count

(>150 G/L) in order to identify patients at low risk of vari-
ces needing treatment in whom endoscopic screening

could be safely avoided [29].

Since 2015, these non-

invasive criteria have proven robust and accurate, even if
conservative (only approximately 20-25% of endoscopies
spared). Recent research has proposed expanded non-
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DIAGNOSIS AND RISK
STRATIFICATION

PERSONALIZED
THERAPY

Identify
the etiological
factor(s)

E.g.: Alcohol, iron

overload, ‘
overweight, Outline all relevant \
malnutrition co-factors

1) Compensated or
Decompensated
(now or in the past)

Define the clinical
stage of the disease

Apply preventive
measures and
pathophysiology-
based therapy

Check the response
to treatment and
modify Rx if needed

According to the individual risks apply the following:
- Etiological treatment
- correction of modifiable cofactors
- Improve portal hypertension:
Target in compensated patients: HVPG reduction 220% by acting on:

- Porto-collateral blood flow (mandatory target if varices: NSBB;
carvedilol.)

- Vascular hepatic resistance: candidate drugs with different
mechanisms of action: statins (best evidence-Phase 3 trials);
antioxydants (ascorbic acid; flavonoids); MnSOD, obethicholic acid;
sapropterin; udenafil; serelaxin; antiangiogenics; emricasan.

2) No CSPH/CSPH
3) No varices/Varices
needing therapy
In addition: exclude PVT;
exclude HCC

Non-invasive and
invasive tests (23,25)

Step-by-step approach: a)
laboratory, liver and spleen
stiffness, ultrasound. According
to the findings, the following
invasive tests can be indicated: b)
Liver biopsy, HVPG measurement,
endoscopy; second level imaging
(CECT, MRI, MRE)

IMPROVED SURVIVAL

Fig. 2 Logical steps in the clinical management of advanced chronic liver disease/cirrhosis. Improved survival can be achieved through adequate
diagnosis and risk stratification, thus allowing a personalized approach to therapy. Some examples of factors to be considered, as well as
the major pathophysiological factors driving the therapy of portal hypertension in patients with compensated cirrhosis, are provided

positive prognostic implications: measuring of HVPG response is
suggested

- In decompensated patients: apply all the measures needed to prevent
further decompensation and consider OLT (see figure 1)

1 Achieving a good hemodynamic response to drug therapy has important

J

invasive criteria allowing a much larger proportion of en-
doscopies to be spared without increasing the risk of false
negative results [30, 31].

Real-time, simple diagnostic methods, such as ultra-
sound and elastography, are key to achieving bedside
screening and first risk stratification. However, in patients
who cannot be sufficiently characterized by these simple
methods or in particularly sensitive situations, such as in
patients with compensated cirrhosis and potentially re-
sectable HCC [23, 32], HVPG measurement remains the
best method to accurately stage portal hypertension.
Nevertheless, recent advances in magnetic resonance im-
aging (magnetic resonance elastography [33], multipara-
metric magnetic resonance imaging [34]) hold promise
and should be further investigated as surrogates of portal
hypertension, particularly in patients who are not appro-
priate candidates for ultrasound elastography.

Despite the use of diagnostic tests being of paramount
importance to achieve a correct risk stratification, the
meaning of risk factors that are easily detected by phys-
ical examination and clinical history should not be disre-
garded. For instance, factors related to nutrition, and
which are therefore potentially modifiable, should be ac-
tively investigated. Irrespective of the etiology leading to
ACLD, overweight and obesity are increasingly observed
in compensated patients [35], and have been consistently
associated with an up to three-fold higher risk of clinical
decompensation. Further, sarcopenia [36] and vitamin D
deficiency [37] are frequent in cirrhosis (including in
obese patients), almost invariably present in decompen-
sated patients, and associated with higher mortality. Re-
search in the field of nutritional factors modulating the
natural history of cirrhosis is insufficient and represents

a field for future investigation. For example, while
alcohol intake is a well-known negative prognostic
factor, coffee consumption has only recently been
proven protective [38, 39].

Future research should also focus on providing accur-
ate and individualized prediction of ‘hard’ endpoints,
such as clinical decompensation and death, by non-
invasive diagnostic methods. In the author’s opinion, the
development of risk algorithms similar to those used in
cardiovascular medicine (e.g., Framingham risk score
[40]) would be advisable and feasible in the field of com-
pensated cirrhosis to predict and stratify the risk of com-
plications of portal hypertension.

Advances in therapy

Several studies have demonstrated that, in portal hyper-
tensive patients, if portal pressure is reduced enough
(i.e., by at least 20%) by applying pharmacological and/or
non-pharmacological therapies, the risk of decompensa-
tion or further decompensation and death is markedly
reduced [7, 41-43] — this constitutes the rationale of
treatment of portal hypertension. To achieve the highest
efficacy, treatment should be aimed at correcting the
main pathophysiological target in each stage of cirrhosis.
In the early, compensated stages of cirrhosis, increased
hepatic resistance plays a pivotal role in the development
of portal hypertension (Pressure = Resistance x Flow) [2].
Therefore, in compensated cirrhosis, correction of in-
creased intrahepatic resistance should be addressed [7, 44].
This can be achieved by ameliorating the mechanical com-
ponent of resistance mostly represented by fibrosis and/or
by acting on the functional component represented by ac-
tive vasoconstriction and sinusoidal endothelial dysfunction
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[45]. Etiologic treatments have been shown effective in im-
proving fibrosis and can lead to cirrhosis regression in the
long term [46]; thus, they should be considered central at
this stage of the disease.

Short-term (4 months) lifestyle changes consisting of
diet and exercise combinations are able to improve obes-
ity in compensated cirrhosis and are associated with a
significant reduction in HVPG [47], likely mirroring a
decrease in intrahepatic resistance (e.g., mediated by a
decrease in insulin resistance). While supplementing
vitamin D deficiency and correcting sarcopenia is likely
to positively influence prognosis, the mechanisms driv-
ing the interaction between nutritional factors and portal
hypertension remain to be elucidated.

Pure antifibrotic drugs are currently lacking [48]. How-
ever, statins, which improve the phenotype of sinusoidal
endothelial cells by restoring nitric oxide production, are
able to decrease intrahepatic fibrogenesis and angiogenesis
in experimental models [49] and ameliorate portal hyper-
tension by decreasing both the dynamic and structural
components of intrahepatic resistance [50]. Interestingly,
this is accompanied by an amelioration in hepatic function
and perfusion in patients with cirrhosis [51]. Statins have
proven effective in preventing hepatic decompensation in
large epidemiological surveys in patients with HCV and
hepatitis B virus cirrhosis [52, 53]. In addition, their use has
been associated with a decreased risk of HCC [54] and,
most recently, addition of simvastatin to standard medical
and endoscopic therapy has been shown to improve sur-
vival in a double-blind randomized multicenter clinical trial
in patients who survived an episode of bleeding from
esophageal varices [55]. Thus, statins constitute the most
promising class of drugs to be added to the standard ther-
apy armamentarium for ACLD and portal hypertension.

Once CSPH has developed, and even more so following
the formation of varices, the resulting hyperdynamic cir-
culatory state leads to an increased portocollateral flow,
which aggravates portal hypertension [2, 56]. At this stage,
drugs acting to reduce blood flow are effective in reducing
portal pressure. Non-selective beta-blockers (NSBBs; pro-
pranolol, nadolol, or carvedilol) are the mainstay of ther-
apy in this clinical scenario [7], and recent data from a
randomized controlled trial (RCT) suggest that they
effectively reduce the risk of ascites and clinical decom-
pensation in patients with small varices [57].

Given the abovementioned data, it has been suggested
that NSBBs, statins, and oral antibiotics (rifaximin [58] or
norfloxacin) could be used in combination to prevent clin-
ical decompensation in patients with cirrhosis [59]. In a
recent study, patients treated with rifaximin added to pro-
pranolol showed a more marked decreased in HVPG as
compared to patients on propranolol alone [60].

A further group of drugs showing promising results is
represented by anticoagulants. Contrarily to what was
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previously thought, cirrhosis can be considered a pro-
coagulant state, and experimental data suggest that
low molecular weight heparin [61] and direct oral an-
ticoagulants [62] inhibit fibrogenesis and decrease
portal pressure in cirrhosis. A small RCT using enox-
aparin to prevent portal vein thrombosis in patients
in the waiting list for liver transplantation showed a
reduction in mortality [63].

Given the increased susceptibility to life-threatening
bacterial infections observed in patients with decompen-
sated cirrhosis [8], the reduction of intestinal bacterial
translocation by antibiotic therapy is another potential
treatment able to reduce the risk of spontaneous bacter-
ial peritonitis and mortality in patients with decompen-
sated cirrhosis and ascites. In a recent RCT [64],
norfloxacin combined to standard medical therapy im-
proved survival compared with standard medical therapy
alone in patients with decompensated alcoholic cirrhosis
and severe liver failure. In addition, a further strategy
aimed at improving effective intravascular volemia by
using weekly administration of intravenous albumin in
addition to standard medical therapy improved survival
in patients with ascites versus standard medical therapy
alone [65]. Nevertheless, these results are not yet pub-
lished in full and require validation.

Transjugular intrahepatic portosystemic shunt (TIPS)
is a well-accepted therapy to prevent rebleeding in pa-
tients experiencing more than one episode of variceal
bleeding, in patients with refractory ascites it demon-
strated a survival benefit vs. large volume paracentesis.
Recent data suggest that TIPS may also be applied to
other clinical scenarios in cirrhosis to improve out-
comes. In a RCT of TIPS versus standard medical plus
endoscopic therapy in patients presenting with variceal
bleeding and poor liver function (Child—Pugh score B9
to C12 points), the early use of TIPS (within 72 hours
with the aim of preventing early rebleeding) reduced
mortality by 25% [66]; these results have been validated
in a second multicentric study [67]. In the setting of
patients with recurrent (not refractory) ascites, TIPS
improved survival by over 40% in comparison to
standard medical therapy [68].

A major gap remains regarding the ability to non-
invasively monitor the effect of therapy on portal pres-
sure. None of the currently available non-invasive tests
holds sufficient accuracy in mirroring the HVPG re-
sponse. A recent study suggested that changes in spleen
stiffness (measured by point shear wave elastography)
might parallel changes in HVPG and portal pressure gra-
dient after NSBB and TIPS [69]; however, these results
require validation. The development of other non-
invasive tests, such as subharmonic aided pressure esti-
mation on contrast-enhanced ultrasound [70], as well as
non-invasive measurements derived by parameters from
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contrast-enhanced ultrasound [71] or magnetic reson-
ance imaging [34] are urgently needed in this field.

Finally, a novel challenge has resulted with regards to
the population of patients with HCV cirrhosis in whom
the virus was successfully cured by direct acting antivi-
rals. A minority of these patients will improve after
treatment, but a substantial proportion (over 70%) of
those who had CSPH at the time of therapy remains at
risk of developing complications of portal hypertension
[72]. Unfortunately, we currently lack non-invasive sur-
rogates of HVPG in this population, and it remains un-
known whether cirrhosis will successfully revert in the
long term. The ‘point of no return’ in the natural history
of cirrhosis is currently unknown, and certainly repre-
sents a major field for future research as well as a poten-
tial endpoint for novel therapies.

Conclusions and future perspectives
Currently, cirrhosis is considered a dynamic disease able
to progress and regress. In this new way of understanding
the spectrum of changes characterizing ACLD, early diag-
nosis, prior to the occurrence of decompensation, is an
important step to achieve a reduction in mortality due to
CLD since several different pharmacological and non-
pharmacological approaches can be used during this phase
to prevent decompensation (an ominous step in the nat-
ural history of this disease). Ultrasound elastography of
the liver allows an accurate non-invasive identification of
patients with ACLD, with the additional advantage of pro-
viding a numerical surrogate of the risk of portal hyper-
tension and complications. Prevention of decompensation
is possible by reducing portal pressure through measures
aimed at eliminating all the possible sources of injury (eti-
ology and cofactors), at reducing intrahepatic resistance
(e.g., by correcting intrahepatic endothelial dysfunction),
and at reducing portocollateral flow. Long-standing drugs,
such as NSBBs, remain the mainstay for portal pressure
reduction and are able to prevent not only variceal bleed-
ing, but also other more frequent decompensating events
such as ascites. After decompensation, therapy should be
aimed towards avoiding further decompensation and
death, with statins being promising in these cases. TIPS is
effective in decreasing the risk of variceal rebleeding and
improves mortality in patients with recurrent and refrac-
tory ascites. The extent to which modulating the gut
microbiota impacts the natural history of decompensated
cirrhosis remains unknown, yet antibiotics already play an
important role in the prevention and treatment of severe
bacterial infection in decompensated patients. Unfortu-
nately, despite the indubitable improvement in the man-
agement of portal hypertension, severe liver failure cannot
be reversed.

Effective artificial liver support remains a major unmet
need in patients with end-stage liver disease, with liver
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transplantation representing the only available curative
option to date (in those who have no contraindications).
Indeed, research in the field of regenerative medicine
represents a major expected breakthrough of the 21st
century, holding great promise [73] for a reduction in
the need of liver transplantation in the future.

Author contributions
The author read and approved the final manuscript.

Competing interests
The author has no competing interests to disclose.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 30 August 2017 Accepted: 26 October 2017
Published online: 10 November 2017

References

1. Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F. The
burden of liver disease in Europe: a review of available epidemiological
data. J Hepatol. 2013;58:593-608.

2. Bosch J. Vascular deterioration in cirrhosis: the big picture. J Clin
Gastroenterol. 200741 Suppl 3:5247-53.

3. Rosselli M, MacNaughtan J, Jalan R, Pinzani M. Beyond scoring: a
modern interpretation of disease progression in chronic liver disease.
Gut. 2013;62:1234-41.

4. Mortality GBD, Mortality GBD, Causes of Death C. Global, regional, and
national age-sex specific all-cause and cause-specific mortality for 240
causes of death, 1990-2013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet. 2015;385:117-71.

5. D'Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic
indicators of survival in cirrhosis: a systematic review of 118 studies. J
Hepatol. 2006;44:217-31.

6. European Association for the Study of the L. EASL clinical practice
guidelines on the management of ascites, spontaneous bacterial peritonitis,
and hepatorenal syndrome in cirrhosis. J Hepatol. 2010;,53:397-417.

7. Garcia-Tsao G, Abraldes JG, Berzigotti A, Bosch J. Portal hypertensive
bleeding in cirrhosis: Risk stratification, diagnosis, and management: 2016
practice guidance by the American Association for the study of liver
diseases. Hepatology. 2017,65:310-35.

8. Jalan R, Fernandez J, Wiest R, Schnabl B, Moreau R, Angeli P, Stadlbauer V,
et al. Bacterial infections in cirrhosis: a position statement based on the
EASL Special Conference 2013. J Hepatol. 2014;60:1310-24.

9. Vilstrup H, Amodio P, Bajaj J, Cordoba J, Ferenci P, Mullen KD, Weissenborn K,
et al. Hepatic encephalopathy in chronic liver disease: 2014 Practice Guideline
by the American Association for the Study of Liver Diseases and the European
Assodiation for the Study of the Liver. Hepatology. 2014,60:715-35.

10.  Dionigi E, Garcovich M, Borzio M, Leandro G, Majumdar A, Tsami A, Arvaniti
V, et al. Bacterial Infections Change Natural History of Cirrhosis Irrespective
of Liver Disease Severity. Am J Gastroenterol. 2017;112:588-96.

11. D'Amico G, Pasta L, Morabito A, D'Amico M, Caltagirone M, Malizia G, Tine F,
et al. Competing risks and prognostic stages of cirrhosis: a 25-year inception
cohort study of 494 patients. Aliment Pharmacol Ther. 2014;39:1180-93.

12. Neff GW, Duncan CW, Schiff ER. The current economic burden of cirrhosis.
Gastroenterol Hepatol (N Y). 2011,7:661-71.

13. Marchesini G, Bianchi G, Amodio P, Salerno F, Merli M, Panella C, Loguercio
C, et al. Factors associated with poor health-related quality of life of patients
with cirrhosis. Gastroenterology. 2001;120:170-8.

14. Stanaway JD, Flaxman AD, Naghavi M, Fitzmaurice C, Vos T, Abubakar |,
Abu-Raddad LJ, et al. The global burden of viral hepatitis from 1990 to
2013: findings from the Global Burden of Disease Study 2013. Lancet.
2016;388:1081-8.

15. Goldberg D, Ditah IC, Saeian K, Lalehzari M, Aronsohn A, Gorospe EC,
Charlton M. Changes in the Prevalence of Hepatitis C Virus Infection,
Nonalcoholic Steatohepatitis, and Alcoholic Liver Disease Among Patients



Berzigotti BMC Medicine (2017) 15:200

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

With Cirrhosis or Liver Failure on the Waitlist for Liver Transplantation.
Gastroenterology. 2017;152:1090-9. e1091.

Fernandez Carrillo C, Lens S, Llop E, Pascasio JM, Crespo J, Arenas J,
Fernandez |, et al. Treatment of hepatitis C virus infection in patients with
cirrhosis and predictive value of model for end-stage liver disease: Analysis
of data from the Hepa-C registry. Hepatology. 2017;65:1810-22.

Estes C, Razavi H, Loomba R, Younossi Z, Sanyal AJ. Modeling the
epidemic of nonalcoholic fatty liver disease demonstrates an exponential
increase in burden of disease. Hepatology. 2017. doi:10.1002/hep.29466.
[Epub ahead of print].

Rehm J, Samokhvalov AV, Shield KD. Global burden of alcoholic liver
diseases. J Hepatol. 2013;59:160-8.

Leon DA, McCambridge J. Liver cirrhosis mortality rates in Britain, 1950 to
2002. Lancet. 2006;367:645.

World Health Organization. Implementation of the European Action Plan to
Reduce the Harmful Use of Alcohol 2012-2020. . http://iogt.org/wp-content/
uploads/2017/09/67wd08e_ProgressReports_170637-1.pdf; Accessed 25 Oct 2017.
Reverter E, Tandon P, Augustin S, Turon F, Casu S, Bastiampillai R, Keough A,
et al. A MELD-based model to determine risk of mortality among patients
with acute variceal bleeding. Gastroenterology. 2014;146:412-9. e413.
Kanwal F, Tansel A, Kramer JR, Feng H, Asch SM, El-Serag HB. Trends in 30-
Day and 1-Year Mortality Among Patients Hospitalized With Cirrhosis From
2004 to 2013. Am J Gastroenterol. 2017;112(8):1287-97.

Bruix J, Reig M, Sherman M. Evidence-Based Diagnosis, Staging, and
Treatment of Patients With Hepatocellular Carcinoma. Gastroenterology.
2016;150:835-53.

Berzigotti A, Seijo S, Reverter E, Bosch J. Assessing portal hypertension in
liver diseases. Expert Rev Gastroenterol Hepatol. 2013;7:141-55.

Dietrich CF, Bamber J, Berzigotti A, Bota S, Cantisani V, Castera L, Cosgrove D,
et al. EFSUMB Guidelines and Recommendations on the Clinical Use of Liver
Ultrasound Elastography, Update 2017 (Long Version). Ultraschall Med. 2017.
Berzigotti A. Non-invasive evaluation of portal hypertension using
ultrasound elastography. J Hepatol. 2017.

Shi KQ, Fan YC, Pan ZZ, Lin XF, Liu WY, Chen YP, Zheng MH. Transient
elastography: a meta-analysis of diagnostic accuracy in evaluation of portal
hypertension in chronic liver disease. Liver Int. 2013;33:62-71.

Abraldes JG, Bureau C, Stefanescu H, Augustin S, Ney M, Blasco H, Procopet B,
et al. Noninvasive tools and risk of clinically significant portal hypertension and
varices in compensated cirrhosis: The "Anticipate" study. Hepatology. 2016.
de Franchis R, Baveno VIF. Expanding consensus in portal hypertension:
Report of the Baveno VI Consensus Workshop: Stratifying risk and
individualizing care for portal hypertension. J Hepatol. 2015,63:743-52.
Jangouk P, Turco L, De Oliveira A, Schepis F, Villa E, Garcia-Tsao G. Validating,
deconstructing and refining Baveno criteria for ruling out high-risk varices in
patients with compensated cirrhosis. Liver Int. 2017,37:1177-83.

Augustin S, Pons M, Maurice JB, Bureau C, Stefanescu H, Ney M, Blasco H,
Procopet B, Tsochatzis E, Westbrook RH, Bosch J, Berzigotti A, Abraldes JG,
Genesca J. Expanding the Baveno VI criteria for the screening of varices in
patients with compensated advanced chronic liver disease. 2017. doi:10.
1002/hep.29363. [Epub ahead of print].

Berzigotti A, Reig M, Abraldes JG, Bosch J, Bruix J. Portal hypertension and the
outcome of surgery for hepatocellular carcinoma in compensated cirrhosis: a
systematic review and meta-analysis. Hepatology. 2015,61:526-36.

Ronot M, Lambert S, Elkrief L, Doblas S, Rautou PE, Castera L, Vilgrain V,

et al. Assessment of portal hypertension and high-risk oesophageal varices
with liver and spleen three-dimensional multifrequency MR elastography in
liver cirrhosis. Eur Radiol. 2014;24:1394-402.

Palaniyappan N, Cox E, Bradley C, Scott R, Austin A, O'Neill R, Ramjas G,

et al. Non-invasive assessment of portal hypertension using quantitative
magnetic resonance imaging. J Hepatol. 2016;65:1131-9.

Berzigotti A, Garcia-Tsao G, Bosch J, Grace ND, Burroughs AK, Morillas R,
Escorsell A, et al. Obesity is an independent risk factor for clinical
decompensation in patients with cirrhosis. Hepatology. 2011,54:555-61.
Dasarathy S, Merli M. Sarcopenia from mechanism to diagnosis and
treatment in liver disease. J Hepatol. 2016;65:1232-44.

Kitson MT, Roberts SK. D-livering the message: the importance of vitamin D
status in chronic liver disease. J Hepatol. 2012;57:897-909.

Alferink LJM, Fittipaldi J, Kiefte-de Jong JC, Taimr P, Hansen BE, Metselaar HJ,
Schoufour JD, et al. Coffee and herbal tea consumption is associated with
lower liver stiffness in the general population: The Rotterdam study. J
Hepatol. 2017,67:339-48.

39.

40.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 7 of 8

Bravi F, Tavani A, Bosetti C, Boffetta P, La Vecchia C. Coffee and the risk of
hepatocellular carcinoma and chronic liver disease: a systematic review and
meta-analysis of prospective studies. Eur J Cancer Prev. 2017;26:368-77.
Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories. Circulation.
1998,97:1837-47.

D'Amico G, Garcia-Pagan JC, Luca A, Bosch J. Hepatic vein pressure gradient
reduction and prevention of variceal bleeding in cirrhosis: a systematic
review. Gastroenterology. 2006;131:1611-24.

Abraldes JG, Tarantino |, Turnes J, Garcia-Pagan JC, Rodes J, Bosch J.
Hemodynamic response to pharmacological treatment of portal
hypertension and long-term prognosis of cirrhosis. Hepatology. 2003;
37:902-8.

Feu F, Garcia-Pagan JC, Bosch J, Luca A, Teres J, Escorsell A, Rodes J.
Relation between portal pressure response to pharmacotherapy and risk
of recurrent variceal haemorrhage in patients with cirrhosis. Lancet.
1995,346:1056-9.

Bosch J, Groszmann RJ, Shah VH. Evolution in the understanding of the
pathophysiological basis of portal hypertension: How changes in paradigm
are leading to successful new treatments. J Hepatol. 2015;62:5121-30.
Garcia-Pagan JC, Gracia-Sancho J, Bosch J. Functional aspects on the
pathophysiology of portal hypertension in cirrhosis. J Hepatol. 2012;
57:458-61.

Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, Washington
MK, et al. Regression of cirrhosis during treatment with tenofovir disoproxil
fumarate for chronic hepatitis B: a 5-year open-label follow-up study.
Lancet. 2013;381:468-75.

Berzigotti A, Albillos A, Villanueva C, Genesca J, Ardevol A, Augustin S,
Calleja JL, et al. Effects of an intensive lifestyle intervention program on
portal hypertension in patients with cirrhosis and obesity: The sportdiet
study. Hepatology. 2016.

Nair H, Berzigotti A, Bosch J. Emerging therapies for portal hypertension in
cirrhosis. Expert Opin Emerg Drugs. 2016;21:167-81.

Abraldes JG, Rodriguez-Vilarrupla A, Graupera M, Zafra C, Garcia-Caldero H,
Garcia-Pagan JC, Bosch J. Simvastatin treatment improves liver sinusoidal
endothelial dysfunction in CCl4 cirrhotic rats. J Hepatol. 2007;46:1040-6.
Marrone G, Maeso-Diaz R, Garcia-Cardena G, Abraldes JG, Garcia-Pagan JC,
Bosch J, Gracia-Sancho J. KLF2 exerts antifibrotic and vasoprotective effects
in cirrhotic rat livers: behind the molecular mechanisms of statins. Gut. 2015;
64:1434-43.

Abraldes JG, Albillos A, Banares R, Turnes J, Gonzalez R, Garcia-Pagan JC,
Bosch J. Simvastatin lowers portal pressure in patients with cirrhosis and
portal hypertension: a randomized controlled trial. Gastroenterology. 2009;
136:1651-8.

Mohanty A, Tate JP, Garcia-Tsao G. Statins Are Associated With a Decreased
Risk of Decompensation and Death in Veterans With Hepatitis C-Related
Compensated Cirrhosis. Gastroenterology. 2016;150:430-40. e431.

Chang FM, Wang YP, Lang HC, Tsai CF, Hou MC, Lee FY, Lu CL. Statins
decrease the risk of decompensation in hepatitis B virus- and hepatitis C
virus-related cirrhosis: A population-based study. Hepatology. 2017.

Simon TG, Bonilla H, Yan P, Chung RT, Butt AA. Atorvastatin and fluvastatin
are associated with dose-dependent reductions in cirrhosis and
hepatocellular carcinoma, among patients with hepatitis C virus: Results
from ERCHIVES. Hepatology. 2016,64:47-57.

Abraldes JG, Villanueva C, Aracil C, Turnes J, Hernandez-Guerra M, Genesca
J, Rodriguez M, et al. Addition of Simvastatin to Standard Therapy for the
Prevention of Variceal Rebleeding Does Not Reduce Rebleeding but
Increases Survival in Patients With Cirrhosis. Gastroenterology. 2016;150:
1160-70. e1163.

Villanueva C, Albillos A, Genesca J, Abraldes JG, Calleja JL, Aracil C, Banares R, et al.
Development of hyperdynamic circulation and response to beta-blockers in
compensated cirrhosis with portal hypertension. Hepatology. 201663:197-206.
Villanueva CA, A; Genesca, J,; Garcia-Pagan, J.C; Calleja, J.L; Aracil, C;
Bafares, R, et al. Preventing the decompensation of cirrhosis with (-
blockers in patients with clinically significant portalhypertension. A
multicenter double-blind placebo-controlled randomized clinical trial.
Hepatology 2016,64:1121A.

Bass NM, Mullen KD, Sanyal A, Poordad F, Neff G, Leevy CB, Sigal S,

et al. Rifaximin treatment in hepatic encephalopathy. N Engl J Med.
2010;362:1071-81.

Tsochatzis EA, Bosch J, Burroughs AK. Liver cirrhosis. Lancet. 2014;383:1749-61.


http://dx.doi.org/10.1002/hep.29466
http://iogt.org/wp-content/uploads/2017/09/67wd08e_ProgressReports_170637-1.pdf
http://iogt.org/wp-content/uploads/2017/09/67wd08e_ProgressReports_170637-1.pdf
http://dx.doi.org/10.1002/hep.29363
http://dx.doi.org/10.1002/hep.29363

Berzigotti BMC Medicine (2017) 15:200

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Lim YL, Kim MY, Jang YO, Baik SK, Kwon SO. Rifaximin and Propranolol
Combination Therapy Is More Effective than Propranolol Monotherapy for
the Reduction of Portal Pressure: An Open Randomized Controlled Pilot
Study. Gut Liver. 2017.

Cerini F, Vilaseca M, Lafoz E, Garcia-Irigoyen O, Garcia-Caldero H, Tripathi
DM, Avila M, et al. Enoxaparin reduces hepatic vascular resistance and portal
pressure in cirrhotic rats. J Hepatol. 2016,64:834-42.

Vilaseca M, Garcia-Caldero H, Lafoz E, Garcia-Irigoyen O, Avila MA, Reverter
JC, Bosch J, et al. The anticoagulant rivaroxaban lowers portal hypertension
in cirrhotic rats mainly by deactivating hepatic stellate cells. Hepatology.
2017,65:2031-44.

Villa E, Camma C, Marietta M, Luongo M, Critelli R, Colopi S, Tata C, et al.
Enoxaparin prevents portal vein thrombosis and liver decompensation in
patients with advanced cirrhosis. Gastroenterology. 2012;143:1253-60.
e1251-1254.

Moreau R, Elkrief L, Bureau C, Pérarnau J-M, Thévenot T, Saliba F, Louvet A,
Nahon P, Oberti F, Anty R, Hillaire S, Pasquet B, Ozenne V, Rudler M, Ollivier-
Hourmand |, Robic M-A, D'Alteroche L, Di Martino V, Rautou P-E, Gault N,
Lebrec D. A randomized trial of 6-month norfloxacin therapy in patients
with Child-Pugh class C cirrhosis. J Hepatol. 2017;66:51.

Caraceni PR, Riggio O, Angeli P, Alessandria C, Neri S, Foschi FG, Levantesi F,
Airoldi A, et al. Long-term albumin administration improves survival in
patients with decompensated cirrhosis: final results of the “ANSWER" studly.
J Hepatol. 2017,66:593.

Garcia-Pagan JC, Caca K, Bureau C, Laleman W, Appenrodt B, Luca A,
Abraldes JG, et al. Early use of TIPS in patients with cirrhosis and variceal
bleeding. N Engl J Med. 2010;362:2370-9.

Garcia-Pagan JC, Di Pascoli M, Caca K, Laleman W, Bureau C, Appenrodt B,
Luca A, et al. Use of early-TIPS for high-risk variceal bleeding: results of a
post-RCT surveillance study. J Hepatol. 2013;58:45-50.

Bureau C, Thabut D, Oberti F, Dharancy S, Carbonell N, Bouvier A, Mathurin
P, et al. Transjugular Intrahepatic Portosystemic Shunts With Covered Stents
Increase Transplant-Free Survival of Patients With Cirrhosis and Recurrent
Ascites. Gastroenterology. 2017;152:157-63.

Jansen C, Moller P, Meyer C, Kolbe CC, Bogs C, Pohlmann A, Schierwagen R,
Praktiknjo M, Abdullah Z, Lehmann J, Thomas D, Strassburg CP, Latz E,
Mueller S, Réssle M, Trebicka J. Increase in liver stiffness after transjugular
intrahepatic portosystemic shunt is associated with inflammation and predicts
mortality. Hepatology. 2017. doi:10.1002/hep.29612. [Epub ahead of print].
Eisenbrey JR, Dave JK, Halldorsdottir VG, Merton DA, Miller C, Gonzalez JM,
Machado P, et al. Chronic liver disease: noninvasive subharmonic aided
pressure estimation of hepatic venous pressure gradient. Radiology. 2013;
268:581-8.

Amat-Roldan |, Berzigotti A, Gilabert R, Bosch J. Assessment of Hepatic
Vascular Network Connectivity with Automated Graph Analysis of Dynamic
Contrast-enhanced US to Evaluate Portal Hypertension in Patients with
Cirrhosis: A Pilot Study. Radiology. 2015;277:268-76.

Lens S, Alvarado E, Marifio Z, Londofio MC, LLop E, Martinez J, Fortea JI,
Ibafiez L, Ariza X, Baiges A, Gallego A, Bafares R, Puente A, Albillos A, Calleja
JL, Torras X, Herndndez-Gea V, Bosch J, Villanueva C, Forns X, Garcia-Pagan
JC. Effects of All-oral Anti-viral Therapy on HVPG and Systemic
Hemodynamics in Patients With Hepatitis C Virus-associated Cirrhosis.
Gastroenterology. 2017. doi:10.1053/j.gastro.2017.07.016. [Epub ahead of
print].

Sampaziotis F, Justin AW, Tysoe OC, Sawiak S, Godfrey EM, Upponi SS,
Gieseck 3rd RL, et al. Reconstruction of the mouse extrahepatic biliary tree
using primary human extrahepatic cholangiocyte organoids. Nat Med. 2017;
23:954-63.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1002/hep.29612
http://dx.doi.org/10.1053/j.gastro.2017.07.016

	Abstract
	Background
	Discussion
	Conclusion

	Background
	Compensated versus decompensated cirrhosis: the burden of advanced chronic liver disease (ACLD)
	Early diagnosis and risk stratification: moving towards personalized medicine
	Advances in therapy
	Conclusions and future perspectives
	Author contributions
	Competing interests
	Publisher’s Note
	References

