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Renal dysfunction is a common finding in cirrhotic patients and has a great physiologic, and therefore,
prognostic relevance. The combination of liver disease and renal dysfunction can occur as a result of
systemic conditions that affect both the liver and the kidney, although primary disorders of the liver
complicated by renal dysfunction are much more common. As most of the renal dysfunction scenarios
in cirrhotic patients correspond to either prerenal azotemia or hepatorenal syndrome (HRS), physicians
tend to conceive renal dysfunction in cirrhotic patients as mainly HRS. However, there are many sys-
temic conditions that may cause both a “baseline” chronic kidney damage and a superimposed kidney
dysfunction when this systemic condition worsens. The main aim of this article is to review some of the
most important non prerenal non-HRS considerations regarding acute on chronic kidney dysfunction in
cirrhotic patients, including renal manifestation of related to non-alcoholic steatohepatitis (NASH) viral
hepatitis, the effect of cardiorenal syndrome in cirrhotics and corticosteroid-deficiency associated renal
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dysfunction.
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1. Introduction

Renal dysfunction is a common finding in cirrhotic patients and
has a great physiologic, and prognostic relevance. The combination
of liver disease and renal dysfunction can occur as a result of sys-
temic conditions that affect both the liver and the kidney, although
primary disorders of the liver complicated by renal dysfunction are
much more common.

Even when renal manifestations of nonalcoholic steatohepati-
tis (NASH) viral hepatitis, cardiovascular disease and corticosteroid
deficiency in cirrhotic patients are well documented causes of
both chronic and acute kidney damage, rarely they are evaluated
during the diagnostic-therapeutic approach of renal damage on cir-
rhotic patients. In the following sections, a concise review of renal
manifestation of NASH, viral hepatitis, cardiorenal syndrome and
corticosteroid deficiency on cirrhotic patients will be made.

* Correspondence to: Medica Sur Clinical Foundation, Puente de Piedra 150, Colo-
nia Toriello Guerra CP 14050, CDMX., Mexico City, Mexico.
E-mail address: scrivere.a.jimena@gmail.com
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2. NASH

Among patients with nonalcoholic fatty liver disease (NAFLD),
28% have impaired renal function, 5% abnormal GFR, 18% significant
proteinuria and 5% significant proteinuria and abnormal GFR. Type
2 diabetes mellitus, raised hepatic transaminases and advanced
fibrosis have been described as independent predictors of impaired
renal function [1]. A growing body of data suggests liver-kidney
crosstalk in NAFLD, including [2]:

1. Altered activation of angiotensin converting enzyme (ACE)-2:
The Renin-Angiotensin System (RAS) plays a key role in the
pathogenesis of obesity-related disorders, including NAFLD and
CKD. Adipocytes express all RAS components. The kidney and
liver also express all RAS components, and experimental studies
support a role for both systemic and local (renal and hep-
atic) paracrine/autocrine ACE-Angiotensin II-type 1 activation
in the pathogenesis of NAFLD and CKD [2].Renin-angiotensin
I type 1 receptor axis activation is linked to hepatic steatosis,
insulin resistance, hepatic inflammation and fibrosis, as well as
efferent artery vasoconstriction, glomerular hypertension and
endothelial cell injury, giving place to glomerular hyperfiltration,
hypertrophy and sclerosis, as well as tubulointerstitial inflam-
mation and fibrosis [3].In the Fatty Liver Protection Trial by
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Telmisartan or Losartan Study (FANTASY), telmisartan improved
also necroinflammation, NAFLD activity score, and fibrosis stage
in NASH, as well as microalbuminuria [4].

2. AMP-activated kinase: 5'-AMP-Activated Protein Kinase is a
ubiquitous heterotrimeric serine/threonine kinase, that func-
tions as a cellular energy sensor and a key regulator of cellular
metabolism [5]. AMPK is activated under conditions of calo-
rie restriction or high energy demand that deplete cellular ATP
stores and increase the AMP/ATP ratio, whereas it is inhibited
under conditions of calorie excess such as obesity. Activation
of this kinase is associated with diminished hepatic inflamation
and fibrogenesis, as well as endotelial protection and dimin-
ished toxic lipid deposition in renal endothelium, mesangial
cells, podocytes and tubule cells [5].

3. Nutrient/energy sensor sirtuin-1: Sirtuins (SIRTs) are a group of
seven NAD+-dependent histone/protein deacetylases belonging
to the silent information regulator-2 family. The deacetylation
of proteins and histones results in an up- or downregulation
of gene transcription and protein function [6].Upon calorie
restriction, increased intracellular NAD + concentrations acti-
vate SIRT1 to promote chromatin silencing and transcriptional
repression eventually resulting in amelioration of glucose and
lipid homeostasis in the liver, muscle, and adipose tissue; fur-
thermore, SIRT-1 activation also showed anti-oxidant effects,
downregulates proinflammatory genes in the liver and adi-
pose tissue [7], and promotes autophagy [8]. SIRT-1 activation
ameliorated also experimental CKD through indirect effects,
mediated by improved glucose and lipid metabolism, and
direct, renal-specific effects: SIRT-1 preserves podocyte func-
tion and glomerular barrier integrity by downregulating the tight
junction protein claudin-1 [9]; it also downregulates proinflam-
matory and pro-fibrogenic pathways [10].

4. Lipoprotein dysmetabolism: NASH and CKD are character-
ized by free cholesterol accumulation in hepatic and renal
cells, which triggers oxidative stress inflammation and fibro-
sis in the liver and kidney [11]. Liver fat accumulation induces
atherogenic dyslipidemia through oversecretion of large VLDL
particles, triggering intravascular lipoprotein remodeling, and
the typical atherogenic lipoprotein phenotype of reduced small
high-density lipoprotein particles, and increased circulating lev-
els of small, dense LDL and oxidized LDL particles, which bind
to receptors on glomerular endothelial cells, mesangial cells,
tubular cells, and interstitial macrophages, and trigger glomeru-
lar injury, mesangial cell proliferation, and foam cell formation
[12,13].The master nuclear regulators of cellular cholesterol
metabolism in the liver and kidney are the nuclear transcription
factors Sterol regulatory element-binding proteins (SREBP-2)
and the famesoid X receptor (FXR), expressed in all hepatic cell
lineages, glomerular and proximal tubular cells [12,14].Evidence
from NASH patients and from experimental diet-induced models
of NASH and CKD indicate inappropriate SREBP-2 upregula-
tion, with consequent increase in cholesterol synthesis, influx,
and retention, as well as accumulation of intracellular toxic
free cholesterol, impaired bile acid synthesis, and reduced
bile acid-stimulated FXR activation: the resulting intracellular
cholesterol overload triggers multiple molecular pathways lead-
ing to cell death, inflammation, and fibrosis in the liver and
kidney [2,14,15].FXR activation by potent, semisynthetic bile
acids such as obeticholic acid improved NAFLD activity score
and fibrosis in the multicenter, double-blind, randomized ‘FXR
Ligand NASH Treatment (FLINT)’ trial in NASH [16] and reversed
renal lipid accumulation, oxidative stress, inflammation, fibrosis,
and proteinuria in diet-induced experimental CKD [14].

AKI is followed by an upregulation of hepatic carbohydrate
response element binding protein-mediated de novo lipogenesis,

and by downregulation of PPAR—/-mediated free fatty acids oxi-
dation and diglyceride acyltransferase — mediated Free fatty acids
incorporation into triglycerides, thereby promoting accumulation
of lipotoxic free fatty acids in the liver [17].

CKD induces intestinal dysbiosis and systemic inflammation,
promoting NAFLD and insulin resistance. Mechanisms include the
accumulation of uremic toxic metabolites that are normally elim-
inated by the kidneys, including urea, indoxyl sulfate, p-cresyl
sulfate (p-CS) and trimethylamine-N-oxide [5,18].

The accumulation of urea may lead to influx into the gastroin-
testinal lumen, where it is hydrolyzed to ammonia by microbial
urease, then converted to ammonium hydroxide. Ammonia and
ammonium hydroxide disrupt intestinal epithelial tight junctions,
enhancing the passage of lipopolysaccharide and other toxic lumi-
nal compounds into the circulation, with alteration of intraluminal
pH and promotion of the growth of urea-metabolizing microbial
strains at the expense of carbohydrate-fermenting strains [18].

3. Renal complications of viral hepatitis

Renal impairment in viral hepatitis involves the formation of
immune-complexes with the virus, antibody production against
altered hepatocytes or other infected cells, or direct virus cyto-
pathic effects [19] (Table 1) summarizes of the main viral hepatitis
associated renal disease.

AKI is frequent in patients that have fulminant hepatitis A and
is found in 1.5-4.7% of patients with non-fulminant hepatitis A.
The most frequent glomerulonephritis associated with HAV infec-
tion is IgA nephropathy, which sometimes presents with nephrotic
syndrome and can spontaneously resolve [20-22].

HBV may be associated with a variety of renal diseases, being
the most common: Membranous nephropathy, Membranoprolif-
erative glomerulonephritis (MPGN) and Polyarteritis nodosa (PAN)
(Table 1) [19,23-25].

Renal disease associated with HBV infection most commonly
occurs in endemic areas where infection is more likely to occur
during infancy and early childhood, increasing the probability of
becoming a chronic carrier [26]. HBV vaccination has decreased
the incidence of HBV-related membranous nephropathy and MPGN
[26]. Some patients with HBV-related renal disease have a history of
active hepatitis, but a large proportion have only mild to moderate
elevations in serum aminotransferases [27].

The pathogenetic role of HBV infection has been docu-
mented primarily by the demonstration of hepatitis B antigen-
antibody complexes in the renal lesions via immunofluorescence
microscopy, including deposition of HBeAg in membranous
nephropathy. The relationship between HBV variants (e.g., precore
and core promoter mutations) and renal disease has not been well
described. HBV DNA and HBV RNA have been localized to glomeru-
lar and tubular cells in affected patients; however, the role of these
viral nucleic acids in the development of renal injury remains to be
confirmed [28,29].

Purified HBV can induce human glomerular mesangial cell pro-
liferation and expression of type IV collagen. In addition, HBV X
protein has been shown to induce a proinflammatory phenotype
in renal tubular epithelial cells, although the impact of increased
tubulointerstitial inflammation on glomerular pathology has not
been investigated [30,31].

The treatment of HBV-associated renal diseases consists of
antiviral therapy. Immunosuppressive therapy, with or without
plasmapheresis, is used only in select patients, e.g. rapidly progres-
sive glomerulonephritis (RPGN) or PAN with severe manifestations
and, when it is administered, it should be used in combination with
antiviral therapy [27].
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Table 1
Viral hepatitis related renal disease. Renal impairment in viral hepatitis involves the formation of immune-complexes with the virus, antibody production against altered
hepatocytes or other infected cells, or direct virus cytopathic effects.

Hepatitis virus Related kidney disease Disease-specific characteristics Ref.
HAV AKI Due to dehydration and/or immune complex deposition [24,26]
Interstitial nephritis Rarely seen [24,26]
Mesangio proliferative Rarely seen [24,26,71]
glomerulonephritis.
IgA nephropaty Most frequent glomerulonephritis associated with HAV infection [24,26]
HBV MN — Associated with chronic carrier, HbeAg IgG [19,28-30]
— Likely to present with microscopic hematuria and lower complement levels. [23,32,72,73,77,78]

— Presence of mesangial or subendothelial immune deposits and the typical
subepithelial localization, may be a clue to suggest secondarymembranous
nephropathy.

— Phospholipase A2 receptor has been implicated as the major antigen
involved

— Deposition of hepatitis B e antigen (HBeAg) and hepatitis B e antibody
(anti-HBe) immune complexes in the subepithelial region of the glomerular
basement membrane is pivotal.

More common in children and may resolve spontaneously, usually in
association with seroconversion from HBeAg to anti-HBe.

— Spontaneous resolution is relatively uncommon in adults, some patients
show progressive renal deterioration.

MPGN — Characterized by deposition of circulating antigen-antibody complexes in [19,28-30]
the mesangium and subendothelial space. [23,32,77,78]
— HBsAg and HBeAg deposition implicated.

— HBV is a rare cause of mixed cryoglobulinemia, which can be associated with
MPGN:

— Patients present with nephrotic-range proteinuria, microscopic hematuria,
hypocomplementemia and positive for rheumatoid factor.

— 75% have impaired renal function and 50% of patients dies or developed
ESRD despite immunosuppressive and antiviral treatments.

PAN — Clinical features of HBV-associated PAN are similar to idiopathic PAN. [23,28,55,74,79]
— Typically occurs within four months after the onset of HBV infection.

— Suggested by the findings of HBsAg, HBeAg, and HBV DNAin the serum.
Deposition of circulating antigen-antibody immune complexes in the vessel
wall triggers downstream inflammatory processes.

HCV Mixed cryoglobulinemia syndrome — Clinical manifestations include hematuria, proteinuria (which may be in the [28,75-78]
nephrotic range), and renal impairment. Laboratory studies indicate
hypocomplementemia and circulating cryoglobulins.

— The complement components, C3, C4, and C1q, are usually low; reductions
in C4 are usually greater than reductions in C3.
— Cryoglobulins are most commonly type II, characterized by a polyclonal
immunoglobulin G (IgG) and monoclonal immunoglobulin M (IgM) kappa
rheumatoid factor directed against the Fc portion of IgG.
— HCV-containing immune complexes are directly involved in the
pathogenesis of disease. HCV RNA and HCV IgG antigen-antibody complexes
are highly concentrated in the cryoprecipitate.
— HCV antigens have been detected along the glomerular capillary walls and in
the mesangium of patients with HCV-related glomerulonephritis, mainly in
those with MPGN and positive HCV RNA.
— The glomerular basement membrane shows double contours caused by the
interposition of monocytes between the basement membrane and the
endothelium
— Subendothelial deposits of IgM, IgG, and complement components are
observed by immunofluorescence and electron microscopy. Vasculitis of small
renal arteries is sometimes present.

Membranous nephropathy — Several small studies have suggested that membranous nephropathy may be [75,76]
induced by chronic HCV infection, although the data are conflicting.
— Membranous nephropathy is reported to be higher in HCV-positive
compared with HCV-negative renal transplant patients.
— Complement levels tend to be normal, and neither cryoglobulins nor
rheumatoid factor is present.

PAN — PAN is reported to occur at a mean of two years after the diagnosis of HCV [78,79]
infection.
— The patients may have typical symptoms of PAN and necrotizing
inflammation of medium or small arteries in biopsy specimens; 26% of tested
patients are reported to be also positive for hepatitis.
— Patients infected with HCV who develop PAN may have more severe
systemic manifestations of vasculitis compared with those HCV patients who
develop mixed cryoglobulinemia vasculitis.
— Compared with HCV-related mixed cryoglobulinemia patients more
commonly had fever, weight loss, hypertension, gastrointestinal tract
involvement, severe mononeuropathy, and elevated C-reactive protein.

HEV MPGN, IgA nephropathy. — Almost exclusive of genotype 1 and 3. [80]
Nephroangiosclerosis.
Membranous glomerulonephritis.
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There is a strong and likely causal association between chronic
HCV infection and glomerular disease. The major glomerular
diseases associated with HCV infection include Mixed cryoglobu-
linemia syndrome, membranous nephropathy and PAN. Crescentic
glomerulonephritis may be superimposed on any of these glomeru-
lar lesions [32,33].

Less common lesions have been reported in HCV-infected
patients, including FSGS, proliferative glomerulonephritis, and
fibrillary and immunotactoid glomerulopathies. Clinically silent
glomerular disease has been described primarily in patients who
have undergone liver transplantation for cirrhosis due to chronic
HCV infection [32,33].

Chronic HCV infection is associated with an increased risk of
developing end-stage renal disease (ESRD). Elevated serum levels
of HCV RNA (>167,000IU/mL) and HCV genotype 1 are strong pre-
dictors of ESRD. Glomerular diseases associated with HCV can also
occur in renal allografts [32].

Patients with severe and progressive HCV-associated glomeru-
lonephritis should undergo antiviral treatment. Most patients with
less severe glomerular disease associated with HCV should also
have antiviral therapy provided they do not have decompensated
cirrhosis. Patients with severe and progressive mixed cryoglobu-
linemia and PAN are also treated with immunosuppressive drugs
[32,33].

HEV infection canlead to acute and chronic hepatitis as well as to
extrahepatic manifestations [34]. The mechanism of HEV-induced
kidney disease could be immune-driven in a manner similar to
that with HCV [35]. Ribavirin can be used to obtain a rapid viral
clearance. Antiviral administration has reported to led to complete
recovery in most patients, whereas end-stage renal disease has also
been reported [35] (Table 1).

4. Cardiorenal syndrome in cirrhotics

In 1953, Kowalski and Abelmann [36] showed the existence of a
circulatory dysfunction specific to liver cirrhosis. Nowadays, “Cir-
rhotic cardiomyopathy” (CCM) defines a specific form of cardiac
dysfunction characterized by blunted contractile responsiveness to
stress stimuli and altered diastolic relaxation with electrophysio-
logical abnormalities, in the absence of a known cardiac disease
[37,38].

Proposal of diagnostic criteria for cirrhotic cardiomyopathy
agreed upon at the 2005 World Congress of Gastroenterology in
Montreal [39] (Table 2). It has been proposed to improve these

Table 2

Proposal of diagnostic criteria for cirrhotic cardiomyopathy agreed upon at the 2005
World Congress of Gastroenterology in Montreal. CCM defines a specific form of
cardiac dysfunction characterized by blunted contractile responsiveness to stress
stimuli and altered diastolic relaxation with electrophysiological abnormalities, in
the absence of a known cardiac disease [38,39].

Systolic dysfunction Resting ejection fraction <55%

Blunted increase in cardiac output with
exercise or pharmacological stimuli
Early diastolic atrial filling ratio (E/A
ratio)<01.0 (age corrected)
Deceleration time (DT) > 200 ms
Prolonged isovolumetric relaxation
time >80 ms

Electrophysiological abnormalities
(prolongation of QT).

Abnormal chronotropic response.
Electromechanical uncoupling.
Enlarged left atrium Increased myocardial
mass.

Increased brain natriuretic peptide and
pro-peptide

Increased troponin I

Diastolic dysfunction

Supportive criteria

criteria by including the dysfunction of the right ventricle as an
important parameter of cardiac damage caused by cirrhosis [40].
CCM patients also have biventricular diastolic dysfunction at rest,
larger left and right atria, higher systolic pulmonary arterial pres-
sure and left ventricular mass [41].

Portal hypertension leads to a state of peripheral vasodilatation
due to arelease of vasodilator mediators such as nitric oxide, carbon
monoxide, and prostacyclin. Progressive hepatic decompensation
results in blood volume redistribution, with increased splanchnic
blood flow and relatively decreased central circulation. The barore-
ceptors may be deactivated to compensate for the reduction in the
central and arterial blood flow, with increased sympathetic nervous
activity [38,42].

Hyperdynamic circulation in cirrhosis is an appropriate ini-
tial response to the splanchnic arterial vasodilation. Patients
with advanced cirrhosis exhibit also with increased cardiac out-
put. This hyperdynamic state arises from a marked splanchnic
arterial vasodilation and reduced systemic vascular resistance.
Increase in vasodilation due to portosystemic shunting and bac-
terial translocation increase the hyperdynamic circulation and
central hypovolemia [43,44].

At rest, the intra-cardiac pressures are normal because the
reduced afterload secondary to the systemic vasodilation compen-
sates for both preload reduction and contractile dysfunction. This
circulatory state, which resembles those of high cardiac output,
results from increased blood flow and is defined as heart failure
due to volume overload [43,44].

Although the cardiac output is increased in patients with
advanced cirrhosis, this increase is insufficient to maintain an
adequate arterial blood pressure and renal perfusion and hence
to prevent renal vasoconstriction and other counter-regulatory
mechanisms. The recognition and understanding of a cardiac
involvement would change the focus in the prevention and treat-
ment of renal dysfunction in cirrhosis and in the development of
new treatments [45].

Renal failure and decreased effective blood volume in cirrho-
sis, is not only a consequence of arterial vasodilatation but also
of impaired cardiac contractility suggesting the existence of a car-
diorenal syndrome in cirrhosis. It has been hypothesized that the
cardiorenal relationship in decompensated cirrhosis is aresult of an
acute stress superimposed on an abnormal circulatory state. There
may therefore be a link between the acute cardiac dysfunction and
the development of type 1 HRS [46,47].

Cardiac inotropic and chronotropic dysfunction is a key compo-
nent of the circulatory dysfunction observed in HRS. Maladaptive
neurohormonal activation represents the key pathophysiologic
mechanism linking cardiac dysfunction to HRS. It is also the corner-
stone of the pathways involved in the development of cardiorenal
syndrome [48].

In patients with cardiac dysfunction, a number of factors, such
as low cardiac output and use of diuretics, can lead to elevated
levels of neurohormones and their downstream renal adverse con-
sequences, such as reduction in glomerular filtration rate and
impaired sodium and water excretion (low forward flow) [49].
Increased cardiac right-sided pressures could result in renal venous
congestion and further deterioration in renal hemodynamics and
function (high backward pressure) [50,51]. As such, cardiac dys-
function could contribute to further deterioration of renal function
in HRS, whereby there is already a tendency for activation of the
neurohormonal axis [50,51].

The treatment of CCM is directed to left ventricular failure,
with sodium restriction, diuretics, and after load reduction. Liver
transplantation may improve or normalize cardiac function.
Non-selective beta-blockers have shown to reduce the prolonged
QT interval and might reduce the hyperdynamic load in patients
with cirrhosis, but whether the correction of the QT interval has
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a positive effect on prognosis is doubtful [52]. In patients with
refractory ascites, the use of beta-blocker has a risk of increased
mortality [53]. In a revision of 10 hemodynamic studies on liver
cirrhosis, Tripathi and Hayes [54] concluded that carvedilol is a
potent agent to reduce portal pressure. However, careful dosing is
necessary to minimize adverse effects, especially reduction in the
mean arterial pressure [54].

Angiotensin converting enzyme inhibitors can improve diastolic
function in patients with cirrhosis by decreasing the ventricular
thickness and dilation, but they should be used in the early phases
of cirrhosis because of the risk of hypotension and hepatic-renal
syndrome in later phases [55]. In an animal model of bile duct liga-
tion induced cirrosis in male rats, chronotropic responses increased
after four weeks treatment with losartan, but it was not significant.
The pathological study showed that losartan could not decrease
fibrosis in atria in losartan treated cirrhotic group. These results
might be considered as angiotensin I role in cirrhotic cardiomyopa-
thy, but further studies are required to elaborate the mechanism
as well as the possible advantage of losartan [56]. Even though
these drugs reduce the portal pressure in patients with cirrhosis,
they should be discontinued if ascites appears, as they can further
aggravate the systemic vasodilation state and increase the risk of
hepatorenal syndrome [57,58].

Liver transplant is the only effective treatment established for
patients with final stage liver disease associated with CCM. Liver
transplantation has been shown to reverse the systolic and diastolic
dysfunction and prolonged QT interval [59].

5. Corticosteroid deficiency

Relative adrenal insufficiency (RAI) is frequently observed in
patients with cirrhosis. In a prospective study evaluating adrenal
function in a population of non hospitalized stable cirrhotic
patients; 15.23% had evidence of adrenal insufficiency. These
patients were not statistically different from those with normal
adrenal function in levels of serum creatinine or bilirubin, MELD
score, or presence of cirrhosis related complications. Significant
differences were seen in mean international normalized ratio and
serum sodium. Patients with a sodium level<135mEq/L had a
higher rate (31.25%) of adrenal insufficiency, suggest a possible role
for adrenal dysfunction as a contributing factor in hyponatremia in
cirrhosis independent of other known factors of neurohormonal
activation secondary to systemic vasodilation [60].

In a systematic review and meta-analysis using the Ovid-
MEDLINE, EMBASE, and Cochrane Library databases where 16
studies were included, the prevalence of RAI was 49.4%, and cir-
rhotic patients with acute critical illnesses such as sepsis were more
likely to have RAI compared to those without critical illnesses [61].
Patients with RAI had poorer survival rates and an increased risk of
complications such as bleeding and HRS compared to those with-
out RAL Corticosteroid therapy had a beneficial effect on critically
ill cirrhotic patients in terms of hospital survival rate [61].

Among patients with acute gastroesophageal variceal bleed-
ing, critical illness-related corticosteroid insufficiency occurred
in 29.9%. The patients with critical illness-related corticosteroid
insufficiency had higher rates of treatment failure and 6-week
mortality. The cortisol response to corticotropin was inversely cor-
related with Model for End-Stage Liver Disease and Child-Pugh
scores and positively correlated with the levels of high-density
lipoprotein and total cholesterol. Hypovolemic shock, high-density
lipoprotein, platelet count, and bacterial infection at inclusion are
independent factors predicting critical illness-related corticoste-
roid insufficiency [62].

In patients with cirrhosis, severe sepsis and septic shock, it
has been reported that mean arterial pressure, serum bilirubin,

vasopressor dependency, and bacteriemia were independent fac-
tors that predicted adrenal insufficiency. In patients with cirrhosis,
severe sepsis and septic shock, RAI is related to functional liver
reserve and disease severity and is associated with hemodynamic
instability, renal dysfunction, and increased mortality [63].

It is known that insufficient adrenal cortisol response causes
further impairment of the vascular tonus, cardiac output, and renal
perfusion. Recent research indicates that development of hepatic
nephropathy represents a continuous spectrum of functional and
structural dysfunction and may be precipitated by the inherent
immunologic, adrenal, and hemodynamic incompetence in cirrho-
sis [64,65].

RAI-associated hemodynamic instability, renal dysfunction, and
increased mortality was first described in critically ill patients
with sepsis, but recent studies suggest that it may also be present
in patients with cirrhosis without sepsis because of the similar
hemodynamic and immunologic disturbances (i.e. hyperdynamic
circulation, hypoperfusion, increase in lactate and liver enzymes)
[66,67].

Bacterial translocation, endotoxins, proinflammatory cytokines,
adrenal hypoperfusion, infarction, and coagulopathy that cause
adrenal hemorrhage may depress the adrenal synthesis of steroids
or the condition may be a result of glucocorticoid resistance. RAI
seems to be related to the functional liver reserve and disease sever-
ity and has been referred to as the “hepatoadrenal syndrome”. The
liver is the primary site of cholesterol synthesis, and a decrease in
cholesterol has been shown in cirrhotic patients, which may lead
to a lack of substrate for the production of steroids in the adrenal
gland [66,67].

TNF-a, IL-1, and IL-6 have been shown to impair the
hypothalamus-pituitary-adrenal function, and TNF-a mediated
inhibition of ACTH. The glucocorticoid resistance and low cor-
tisol level in RAI leads to a failure of activated glucocorticoids
to downregulate the transcription of inflammatory cytokines in
cirrhosis, causing an aggravation of the immunologic incompe-
tence. Low level or insensitivity to cortisol impairs the sensitivity
to vasoconstrictors and aggravates the hemodynamic imbalance
and thus renal dysfunction and HRS. Furthermore, the exis-
tence of an “adrenal insufficiency associated cardiomyopathy”
has recently been hypothesized, suggesting that the low gluco-
corticoid level causes a reduced number and downregulation of
beta-adrenergic receptors and cardio-toxic fibrosis of the heart,
resulting in impaired cardiac contractility and hence worsening of
the circulatory and renal dysfunction that causes HRS [63,67,68].

The effects of corticosteroid therapy in sepsis, severe sepsis and
septic shock in cirrhotic patients remain, controversial. Harry [69],
inaretrospective study including 20 patients with acute or acute on
chronic liver failure documented that the use of 300 mg of hydro-
cortisone per day was associated with a reduction in vasopressor
doses, higher incidence of infection and no survival benefit.

In non randomized controlled trial, Marik [70] reported that
Hydrocortisone, 300 mg/day was associated with reduction dose in
norepinephrine an lower mortality rate. However, in a randomized
controlled trial involving 39 cirrhotic patients with septic shock,
the use of hydrocortisone was associated with a reduction in vaso-
pressor doses and higher rates of shock reversal, but no benefit in
28 day mortality.

6. Conclusions

Beside HRS and prerenal AKI, cirrhotic patients are susceptible to
a number of conditions that predispose to renal function deteriora-
tion. NASH pathogenesis include a wide variety of proinflammatory
mechanism involving both the kidney and the liver, including
altered activation of angiotensin converting enzyme (ACE)-2 [2]:
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Fig. 1. Pathophysiologic pathways linking the liver, heart, kidney and gut in patients with advanced cirrhosis.

AMP-activated kinase, Nutrient/energy sensor sirtuin-1 inflamma-
tory and pro-fibrogenic pathways [10]. Lipoprotein dysmetabolism
and altered gut microbiota (Fig. 1).

Renal impairment in viral hepatitis involves various mech-
anisms: the formation of immune complexes with the virus,
antibody production against altered hepatocytes or other infected
cells, or direct virus cytopathic effects.

The combination of renal failure and decreased effective blood
volume in cirrhosis, is not only a consequence of arterial vasodi-
lation but also of impaired cardiac contractility suggesting the
existence of a cardiorenal syndrome in cirrhosis.

RAI is frequently observed in patients with cirrhosis. The
causative mechanisms includes bacterial translocation, endotox-
ins, proinflammatory cytokines, adrenal hypoperfusion, infarction,
and coagulopathy that cause adrenal hemorrhage may depress the
adrenal synthesis of steroids or the condition may be a result of
glucocorticoid resistance. Moreover, RAI seems to be related to the
functional liver reserve and disease severity and has been referred
to as the “hepatoadrenal syndrome”.

Having a deep knowledge of all of the possible causative mecha-
nisms of renal dysfunction in cirrhotics is mandatory to the clinician
to approach acute, chronic or acute-on chronic renal dysfunction in
cirrhotic patients with or without hepatorenal syndrome.

Abbreviations

ACE angiotensin converting enzyme
ACLF acute on chronic liver failure
AKI acute kidney injury

Anti-HBc hepatitis B core antibody
Anti-HBe hepatitis B e antibody

CCM cirrhotic cardiomyopathy

ESRD end stage renal disease

FSGS focal segmental glomerulosclerosis
FXR the famesoid X receptor

GFR glomerular filtration rate

HAV hepatitis A virus

HBcAg hepatitis B core antigen

HBeAg hepatitis B e antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HCV hepatitis C virus

HEV hepatitis E virus

HRS hepatorenal syndrome

IgA inmunoglobulin A

IgG inmunoglobulin G

IgM inmunoglobulin M

KDIGO Kidney Disease Improving Global Outcomes
MN membranous nephropathy

MPGN membranoproliferative glomerulonephritis
NAFLD non alcoholic fatty liver disease

NASH  nonalcoholic steatohepatitis

PAN polyarteritis nodosa

RAI relative adrenal insufficiency

RAS renin-angiotensin system

RPGN  rapidly progressive glomerulonephritis
SREBP-2 sterol regulatory element-binding proteins
SIRTS  nutrient/energy sensor sirtuin-1: Sirtuins

Conflict of interest

The authors have no conflicts of interest to declare.

References

[1] Nampoothiri RV, Duseja A, Rathi M, Agrawal S, Sachdeva N, Mehta M, et al.
Renal dysfunction in patients with nonalcoholic fatty liver disease is related
to the presence of diabetes mellitus and severity of liver disease. ] Clin Exp
Hepatol 2019;9(1):22-8, http://dx.doi.org/10.1016/j.jceh.2017.12.005.

[2] Musso G, Cassader M, Cohney S, Pinach S, Saba F, Gambino R. Emerging
liver-kidney interactions in nonalcoholic fatty liver disease. Trends Mol Med
2015;21(10):645-62, http://dx.doi.org/10.1016/j.molmed.2015.08.005.

[3] Mizuiri S, Ohashi Y. ACE and ACE2 in kidney disease. World ] Nephrol
2015;4(1):74-82, http://dx.doi.org/10.5527 /wjn.v4.i1.74.

[4] Hirata T, Tomita K, Kawai T, Yokoyama H, Shimada A, Kikuchi M, et al. Effect
of telmisartan or losartan for treatment of nonalcoholic fatty liver disease:
Fatty Liver Protection Trial by Telmisartan or Losartan Study (FANTASY). Int
J Endocrinol 2013;2013:587140, http://dx.doi.org/10.1155/2013/587140.

[5] Musso G, Gambino R, Cassader M. Emerging molecular targets for the treatment
of nonalcoholic fatty liver disease. Annu Rev Med 2010;61:375-92, http://dx.
doi.org/10.1146/annurev.med.60.101107.134820.

[6] Ramis MR, Esteban S, Miralles A, Tan DX, Reiter RJ. Caloric restriction,
resveratrol and melatonin: role of SIRT1 and implications for aging and


dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.jceh.2017.12.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.1016/j.molmed.2015.08.005
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.5527/wjn.v4.i1.74
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1155/2013/587140
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820
dx.doi.org/10.1146/annurev.med.60.101107.134820

M.-]. Mucifio-Bermejo / Annals of Hepatology 19 (2020) 145-152 151

related-diseases. Mech Ageing Dev 2015;146-148(28-41), http://dx.doi.org/
10.1016/j.mad.2015.03.008.

[7] Andrade JM, Paraiso AF, de Oliveira MV, Martins AM, Neto JF, Guimaraes AL,
et al. Resveratrol attenuates hepatic steatosis in high-fat fed mice by decreas-
ing lipogenesis and inflammation. Nutrition 2014;30(7-8):915-9, http://dx.
doi.org/10.1016/j.nut.2013.11.016.

[8] ZhangyY,Chen ML, ZhouY,YiL,Gao YX,RanL,etal.Resveratrol improves hepatic

steatosis by inducing autophagy through the cAMP signaling pathway. Mol Nutr

Food Res 2015;59(8):1443-57, http://dx.doi.org/10.1002/mnfr.201500016.

Hasegawa K, Wakino S, Simic P, Sakamaki Y, Minakuchi H, Fujimura K, et al.

Renal tubular Sirt1 attenuates diabetic albuminuria by epigenetically suppress-

ing Claudin-1 overexpression in podocytes. Nat Med 2013;19(11):1496-504,

http://dx.doi.org/10.1038/nm.3363.

[10] Rabadi MM, Xavier S, Vasko R, Kaur K, Goligorksy MS, Ratliff BB. High-
mobility group box 1 is a novel deacetylation target of Sirtuinl. Kidney Int
2015;87(1):95-108, http://dx.doi.org/10.1038/ki.2014.217.

[11] de Vries AP, Ruggenenti P, Ruan XZ, Praga M, Cruzado JM, Bajema IM, et al.
Fatty kidney: emerging role of ectopic lipid in obesity-related renal dis-
ease. Lancet Diabetes Endocrinol 2014;2(5):417-26, http://dx.doi.org/10.1016/
S2213-8587(14)70065-8.

[12] Musso G, GambinoR, Cassader M. Cholesterol metabolism and the pathogenesis
of non-alcoholic steatohepatitis. Prog Lipid Res 2013;52(1):175-91, http://dx.
doi.org/10.1016/j.plipres.2012.11.002.

[13] Gyebi L, Soltani Z, Reisin E. Lipid nephrotoxicity: new concept for an old
disease. Curr Hypertens Rep 2012;14(2):177-81, http://dx.doi.org/10.1007/
511906-012-0250-2.

[14] Wang XX, Jiang T, Shen Y, Adorini L, Pruzanski M, Gonzalez FJ, et al. The
farnesoid X receptor modulates renal lipid metabolism and diet-induced
renal inflammation, fibrosis, and proteinuria. Am ] Physiol Renal Physiol
2009;297(6):F1587-96, http://dx.doi.org/10.1152/ajprenal.00404.2009.

[15] Lhotak S, Sood S, Brimble E, Carlisle RE, Colgan SM, Mazzetti A, et al. ER
stress contributes to renal proximal tubule injury by increasing SREBP-2-
mediated lipid accumulation and apoptotic cell death. Am ] Physiol Renal
Physiol 2012;303(2):F266-78, http://dx.doi.org/10.1152/ajprenal.00482.2011.

[16] Neuschwander-Tetri BA, Loomba R, Sanyal AJ, Lavine JE, Van Natta ML,
Abdelmalek MF, et al. Farnesoid X nuclear receptor ligand obeticholic acid
for non-cirrhotic, non-alcoholic steatohepatitis (FLINT): a multicentre, ran-
domised, placebo-controlled trial. Lancet 2015;385(9972):956-65, http://dx.
doi.org/10.1016/S0140-6736(14)61933-4.

[17] Jin K, Norris K, Vaziri ND. Dysregulation of hepatic fatty acid metabolism in
chronic kidney disease. Nephrol Dial Transplant 2013;28(2):313-20, http://dx.
doi.org/10.1093/ndt/gfs350, 14.

[18] Wong ], Piceno YM, DeSantis TZ, Pahl M, Andersen GL, Vaziri ND. Expansion of
urease- and uricase-containing, indole- and p-cresol-forming and contraction
of short-chain fatty acid-producing intestinal microbiota in ESRD. Am ] Nephrol
2014;39(3):230-7, http://dx.doi.org/10.1159/000360010.

[19] Lhotta K. Beyond hepatorenal syndrome: glomerulonephritis in patients with
liver disease. Semin Nephrol 2002;22(4):302-8.

[20] Han SH, Kang EW, Kie JH, Yoo TH, Choi KH, Han DS, et al. Spontaneous remission
of IgA nephropathy associated with resolution of hepatitis A. Am ] Kidney Dis
2010;56(6):1163-7, http://dx.doi.org/10.1053/j.ajkd.2010.08.018.

[21] Choi HK, Song YG, Han SH, Ku NS, Jeong S], Baek JH, et al. Clinical features and
outcomes of acute kidney injury among patients with acute hepatitis A. ] Clin
Virol 2011;52(3):192-7, http://dx.doi.org/10.1016/j.jcv.2011.07.013.

[22] Pal RB, Saha P, Das I, Sinha MK. Fulminant hepatitis and glomerulonephri-
tis - a rare presentation of hepatitis A virus infection. Acta Paediatr
2011;100(9):e132-4, http://dx.doi.org/10.1111/j.1651-2227.2011.02231.x.

[23] Johnson R], Couser WG. Hepatitis B infection and renal disease: clin-
ical, immunopathogenetic and therapeutic considerations. Kidney Int
1990;37(2):663-76.

[24] Lai KN, Lai FM. Clinical features and the natural course of hepatitis B virus-
related glomerulopathy in adults. Kidney Int Suppl 1991;35:540-5.

[25] Kupin WL. Viral-associated GN: hepatitis B and other viral infections. Clin ] Am
Soc Nephrol 2017;12(9):1529-33, http://dx.doi.org/10.2215/CJN.09180816.

[26] Levy M, Chen N. Worldwide perspective of hepatitis B-associated glomeru-
lonephritis in the 80s. Kidney Int Suppl 1991;35:524-33.

[27] Tak-Mao C, Lok A. Renal disease associated with hepatitis B virus infection.
Glassock RJ, Bisceglie AM, ed. UpToDate. Waltham, MA: UpToDate Inc. http://
www.uptodate.com [accessed 10.10.18].

[28] Lai KN, Ho RT, Tam ]S, Lai FM. Detection of hepatitis B virus DNA and RNA in
kidneys of HBV related glomerulonephritis. Kidney Int 1996;50(6):1965-77.

[29] Hong L, Zhang ], Min J, Lu J, Li F, Li H, et al. A role for MHBst167/HBx in hep-
atitis B virus-induced renal tubular cell apoptosis. Nephrol Dial Transplant
2010;25(7):2125-33, http://dx.doi.org/10.1093/ndt/gfp737.

[30] Diao Z, Ding ], Yin C, Wang L, Liu W. Purified hepatitis B virus induces human
mesangial cell proliferation and extracellular matrix expression in vitro. Virol
]2013;10:300, http://dx.doi.org/10.1186/1743-422X-10-300.

[31] WangX,WangL,ZhuN, Zhou Y, Gu L], Yuan WJ. Hepatitis B virus X protein mod-
ulates renal tubular epithelial cell-induced T-cell and macrophage responses.
Immunol Cell Biol 2016;94(3):266-73, http://dx.doi.org/10.1038/icb.2015.85.

[32] Kamar, N., Rostaing L. Overview of renal disease associated with hepatitis C
virus infection. Glassock, Hirsch MS. Ed. UpToDate. Waltham, MA: UpToDate
Inc. http://www.uptodate.com [accessed 10.10.18].

[33] LaiTS,Lee MH, YangHI, You SL, Lu SN, Wang LY, et al. Hepatitis C viral load, geno-
type, and increased risk of developing end-stage renal disease: REVEAL-HCV
study. Hepatology 2017;66(3):784-93, http://dx.doi.org/10.1002/hep.29192.

[9

[34] Kamar N, Izopet J, Pavio N, Aggarwal R, Labrique A, Wedemeyer H, et al. Hep-
atitis E virus infection. Nat Rev Dis Primers 2017;3:17086, http://dx.doi.org/10.
1038/nrdp.2017.86.

[35] Bazerbachi F, Haffar S, Garg SK, Lake JR. Extra-hepatic manifestations associated
with hepatitis E virus infection: a comprehensive review of the literature. Gas-
troenterol Rep (Oxf) 2016;4(1):1-15, http://dx.doi.org/10.1093/gastro/gov042.

[36] Kowalski HJ, Abelmann WH. The cardiac output at rest in Laennec’s cirrhosis. ]
Clin Invest 1953;32(10):1025-33, http://dx.doi.org/10.1172/JC1102813.

[37] Kazory A, Ronco C. Hepatorenal syndrome or hepatocardiorenal syndrome:
revisiting basic concepts in view of emerging data. Cardiorenal Med
2019;9(1):1-7, http://dx.doi.org/10.1159/000492791, 15.

[38] Carvalho MVH, Kroll PC, Kroll RTM, Carvalho VN. Cirrhotic cardiomyopathy:
the liver affects the heart. Braz ] Med Biol Res 2019;52(2):e7809, http://dx.doi.
org/10.1590/1414-431X20187809.

[39] Wiese S, Hove D, Bendtsen F, Moller S. Cirrhotic cardiomyopathy: pathogene-
sis and clinical relevance. Nat Rev Gastroenterol Hepatol 2014;11(3):177-86,
http://dx.doi.org/10.1038/nrgastro.2013.210.

[40] Chen Y, Chan AC, Chan SC, Chok SH, Sharr W, Fung ], et al. A detailed evalua-
tion of cardiac function in cirrhotic patients and its alteration with or without
liver transplantation. ] Cardiol 2016;67(2):140-6, http://dx.doi.org/10.1016/j.
jjcc.2015.08.001.

[41] Rimbas RC, Baldea SM, Guerra R, Visoiu SI, Rimbas M, Pop CS, et al. New
definition criteria of myocardial dysfunction in patients with liver cirrhosis:
a speckle tracking and tissue Doppler imaging study. Ultrasound Med Biol
2018;44(3):562-74, http://dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013.

[42] Moller S, Henriksen JH. Cirrhotic cardiomyopathy: a pathophysiological review
of circulatory dysfunction in liver disease. Heart 2002;87(1):9-15, http://dx.
doi.org/10.1136/heart.87.1.9.

[43] Fede G, Privitera G, Tomaselli T, Spadaro L, Purrello F. Cardiovascular dys-
function in patients with liver cirrhosis. Ann Gastroenterol 2015;28(1):
31-40.

[44] Krag A, Bendtsen F, Burroughs AK, Moller S. The cardiorenal link in advanced
cirrhosis. Med Hypotheses 2012;79(1):53-5, http://dx.doi.org/10.1016/j.mehy.
2012.03.032.

[45] Krag A, Wiest R, Albillos A, Gluud LL. The window hypothesis: haemodynamic
and non-haemodynamic effects of beta-blockers improve survival of patients
with cirrhosis during a window in the disease. Gut 2012;61(7):967-9, http://
dx.doi.org/10.1136/gutjnl-2011-301348.

[46] Moller S, Bendtsen F, Henriksen JH. Vasoactive substances in the circulatory
dysfunction of cirrhosis. Scand ] Clin Lab Invest 2001;61(6):421-9.

[47] Bongartz LG, Braam B, Gaillard CA, Cramer M], Goldschmeding R, Verhaar
MC, et al. Target organ cross talk in cardiorenal syndrome: animal models.
Am ] Physiol Renal Physiol 2012;303(9):F1253-63, http://dx.doi.org/10.1152/
ajprenal.00392.2012.

[48] Ronco C, Cicoira M, McCullough PA. Cardiorenal syndrome type 1: patho-
physiological crosstalk leading to combined heart and kidney dysfunction
in the setting of acutely decompensated heart failure. ] Am Coll Cardiol
2012;60(12):1031-42, http://dx.doi.org/10.1016/j.jacc.2012.01.077.

[49] Ronco C, McCullough P, Anker SD, Anand I, Aspromonte N, Bagshaw SM, et al.
Cardio-renal syndromes: report from the consensus conference of the acute
dialysis quality initiative. Eur Heart ] 2010;31(6):703-11, http://dx.doi.org/10.
1093/eurheartj/ehp507.

[50] Haase M, Muller C, Damman K, Murray PT, Kellum JA, Ronco C, et al. Patho-
genesis of cardiorenal syndrome type 1 in acute decompensated heart failure:
workgroup statements from the eleventh consensus conference of the Acute
Dialysis Quality Initiative (ADQI). Contrib Nephrol 2013;182:99-116, http://
dx.doi.org/10.1159/000349969.

[51] Kazory A, Elkayam U. Cardiorenal interactions in acute decompensated heart
failure: contemporary concepts facing emerging controversies. ] Card Fail
2014;20(12):1004-11.

[52] Zambruni A, Trevisani F, Di Micoli A, Savelli F, Berzigotti A, Bracci E, et al. Effect
of chronic beta-blockade on QT interval in patients with liver cirrhosis. ] Hepatol
2008;48(3):415-21, http://dx.doi.org/10.1016/j.jhep.2007.11.012.

[53] Serste T, Melot C, Francoz C, Durand F, Rautou PE, Valla D, et al. Dele-
terious effects of beta-blockers on survival in patients with cirrhosis and
refractory ascites. Hepatology 2010;52(3):1017-22, http://dx.doi.org/10.1016/
j-jhep.2007.11.012.

[54] Tripathi D, Hayes PC. The role of carvedilol in the management of portal hyper-
tension. Eur ] Gastroenterol Hepatol 2010;22(8):905-11, http://dx.doi.org/10.
1097/MEG.0b013e3283367a99.

[55] Bos R, Mougenot N, Findji L, Mediani O, Vanhoutte PM, Lechat P. Inhibition of
catecholamine-induced cardiac fibrosis by an aldosterone antagonist. ] Cardio-
vasc Pharmacol 2005;45(1):8-13, 16.

[56] Jazaeri F, Afsharmoghaddam R, Abdollahi A, Ghamami G, Dehpour AR. Evalua-
tion of chronic losartan treatment effect on cardiac chronotropic dysfunction
in biliary cirrhotic rats. Acta Med Iran 2018;56(1):4-13.

[57] Pozzi M, Grassi G, Ratti L, Favini G, Dell’Oro R, Redaelli E, et al. Cardiac, neuroa-
drenergic, and portal hemodynamic effects of prolonged aldosterone blockade
in postviral child A cirrhosis. Am ] Gastroenterol 2005;100(5):1110-6, http://
dx.doi.org/10.1111/j.1572-0241.2005.41060.X.

[58] Tsochatzis EA, Bosch ], Burroughs AK. New therapeutic paradigm for patients
with cirrhosis. Hepatology 2012;56(5):1983-92, http://dx.doi.org/10.1002/
hep.25915.

[59] Torregrosa M, Aguade S, Dos L, Segura R, Gonzalez A, Evangelista A, et al. Car-
diac alterations in cirrhosis: reversibility after liver transplantation. ] Hepatol
2005;42(1):68-74, http://dx.doi.org/10.1016/j.jhep.2004.09.008.


dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.mad.2015.03.008
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1016/j.nut.2013.11.016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1002/mnfr.201500016
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/nm.3363
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1038/ki.2014.217
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/S2213-8587(14)70065-8
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1016/j.plipres.2012.11.002
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1007/s11906-012-0250-2
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00404.2009
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1152/ajprenal.00482.2011
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1016/S0140-6736(14)61933-4
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1093/ndt/gfs350
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
dx.doi.org/10.1159/000360010
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0495
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1053/j.ajkd.2010.08.018
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1016/j.jcv.2011.07.013
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
dx.doi.org/10.1111/j.1651-2227.2011.02231.x
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0515
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0520
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
dx.doi.org/10.2215/CJN.09180816
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0530
http://www.uptodate.com/
http://www.uptodate.com/
http://www.uptodate.com/
http://www.uptodate.com/
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0540
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1093/ndt/gfp737
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1186/1743-422X-10-300
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
dx.doi.org/10.1038/icb.2015.85
http://www.uptodate.com/
http://www.uptodate.com/
http://www.uptodate.com/
http://www.uptodate.com/
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1002/hep.29192
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1038/nrdp.2017.86
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1093/gastro/gov042
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1172/JCI102813
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1159/000492791
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1590/1414-431X20187809
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1038/nrgastro.2013.210
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.jjcc.2015.08.001
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1016/j.ultrasmedbio.2017.11.013
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
dx.doi.org/10.1136/heart.87.1.9
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0615
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1016/j.mehy.2012.03.032
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
dx.doi.org/10.1136/gutjnl-2011-301348
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0630
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1152/ajprenal.00392.2012
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1016/j.jacc.2012.01.077
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1093/eurheartj/ehp507
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
dx.doi.org/10.1159/000349969
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0655
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1016/j.jhep.2007.11.012
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
dx.doi.org/10.1097/MEG.0b013e3283367a99
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0675
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0680
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1111/j.1572-0241.2005.41060.x
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1002/hep.25915
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008
dx.doi.org/10.1016/j.jhep.2004.09.008

152 M.-]. Mucifio-Bermejo / Annals of Hepatology 19 (2020) 145-152

[60] Moini M, Yazdani Sarvestani M, Shams M, Nomovi M. Evaluation of adrenal
function in nonhospitalized patients with cirrhosis. Can ] Gastroenterol Hepatol
2017;2017:2354253, http://dx.doi.org/10.1155/2017/2354253.

[61] Kim G, Huh JH, Lee K], Kim MY, Shim KY, Baik SK. Relative adrenal insufficiency
in patients with cirrhosis: a systematic review and meta-analysis. Dig Dis Sci
2017;62(4):1067-79, http://dx.doi.org/10.1007/s10620-017-4471-8.

[62] Tsai MH, Huang HC, Peng YS, Chen YC, Tian YC, Yang CW, et al. Critical
illness-related corticosteroid insufficiency in cirrhotic patients with acute
gastroesophageal variceal bleeding: risk factors and association with out-
come. Crit Care Med 2014;42(12):2546-55, http://dx.doi.org/10.1097/CCM.
0000000000000544.

[63] Tsai MH, Peng YS, Chen YC, Liu NJ, Ho YP, Fang JT, et al. Adrenal insuffi-
ciency in patients with cirrhosis, severe sepsis and septic shock. Hepatology
2006;43(4):673-81, http://dx.doi.org/10.1002/hep.21101.

[64] Risor LM, Bendtsen F, Moller S. Immunologic, hemodynamic, and adrenal
incompetence in cirrhosis: impact on renal dysfunction. Hepatol Int
2015;9(1):17-27, http://dx.doi.org/10.1007/s12072-014-9581-1.

[65] Theocharidou E, Krag A, Bendtsen F, Moller S, Burroughs AK. Cardiac dysfunc-
tion in cirrhosis - does adrenal function play a role? A hypothesis. Liver Int
2012;32(9):1327-32, http://dx.doi.org/10.1111/j.1478-3231.2011.02751.x.

[66] Acevedo ], Fernandez ], Prado V, Silva A, Castro M, Pavesi M, et al. Relative
adrenal insufficiency in decompensated cirrhosis: relationship to short-
term risk of severe sepsis, hepatorenal syndrome, and death. Hepatology
2013;58(5):1757-65, http://dx.doi.org/10.1002/hep.26535.

[67] Trifan A, Chiriac S, Stanciu C. Update on adrenal insufficiency in patients with
liver cirrhosis. World ] Gastroenterol 2013;19(4):445-56, http://dx.doi.org/10.
3748/wjg.v19.i4.445.

[68] Grauperal,Pavel O,Hernandez-GeaV, Ardevol A, Webb S, Urgell E, et al. Relative
adrenal insufficiency in severe acute variceal and non-variceal bleeding: influ-
ence on outcomes. Liver Int 2015;35(8):1964-73, http://dx.doi.org/10.1111/
liv.12788.

[69] Harry R, Auzinger G, Wendon ]. The effects of supraphysiological doses of cor-
ticosteroids in hypotensive liver failure. Liver Int 2003;23(2):71-7.

[70] Marik PE, Gayowski T, Starzl TE, Hepatic Cortisol Research and Adrenal
Pathophysiology Study Group. The hepatoadrenal syndrome: a common yet
unrecognized clinical condition. Crit Care Med 2005;33(6):1254-9.

[71] Morita M, Kitajima K, Yoshizawa H, Itoh Y, Iwakiri S, Shibata C, et al. Glomeru-
lonephritis associated with arteritis in marmosets infected with hepatitis A
virus. Br ] Exp Pathol 1981;62(1):103-13.

[72] LiP,WeiRB, Tang L, Wu ], Zhang XG, Chen XM. Clinical and pathological analysis
of hepatitis B virus-related membranous nephropathy and idiopathic mem-
branous nephropathy. Clin Nephrol 2012;78(6):456-64, http://dx.doi.org/10.
5414/cn107615.

[73] Xie Q, LiY, Xue ], Xiong Z, Wang L, Sun Z, et al. Renal phospholipase A2 recep-
tor in hepatitis B virus-associated membranous nephropathy. Am ] Nephrol
2015;41(4-5):345-53, http://dx.doi.org/10.1159/000431331.

[74] Guillevin L, Lhote F, Cohen P, Sauvaget F, Jarrousse B, Lortholary O, et al.
Polyarteritis nodosa related to hepatitis B virus. A prospective study with long-
term observation of 41 patients. Medicine (Baltimore) 1995;74(5):238-53,
http://dx.doi.org/10.1097/00005792-199509000-00002, 17.

[75] Morales JM, Pascual-Capdevila J, Campistol JM, Fernandez-Zatarain G, Munoz
MA, Andres A, et al. Membranous glomerulonephritis associated with
hepatitis C virus infection in renal transplant patients. Transplantation
1997;63(11):1634-9.

[76] Stehman-Breen C, Alpers CE, Couser WG, Willson R, Johnson RJ:. Hep-
atitis C virus associated membranous glomerulonephritis. Clin Nephrol
1995;44(3):141-7.

[77] Cosio FG, Roche Z, Agarwal A, Falkenhain ME, Sedmak DD, et al. Prevalence of
hepatitis C in patients with idiopathic glomerulopathies in native and trans-
plant kidneys. Am J Kidney Dis 1996;28(5):752-8.

[78] Ramos-Casals M, Munoz S, MedinaF, Jara L], Rosas ], Calvo-Alen ], et al. Systemic
autoimmune diseases in patients with hepatitis C virus infection: characteriza-
tion of 1020 cases (The HISPAMEC Registry). ] Rheumatol 2009;36(7):1442-8,
http://dx.doi.org/10.3899/jrheum.080874.

[79] Saadoun D, Terrier B, Semoun O, Sene D, Maisonobe T, Musset L, et al. Hep-
atitis C virus-associated polyarteritis nodosa. Arthritis Care Res (Hoboken)
2011;63(3):427-35, http://dx.doi.org/10.1002/acr.20381.

[80] Pischke S, Hartl ], Pas SD, Lohse AW, Jacobs BC, Van der Eijk AA. Hepatitis E
virus: infection beyond the liver? ] Hepatol 2017;66(5):1082-95, http://dx.doi.
org/10.1016/j.jhep.2016.11.016.


dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1155/2017/2354253
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1007/s10620-017-4471-8
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1097/CCM.0000000000000544
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1002/hep.21101
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1007/s12072-014-9581-1
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1111/j.1478-3231.2011.02751.x
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.1002/hep.26535
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.3748/wjg.v19.i4.445
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
dx.doi.org/10.1111/liv.12788
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0745
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0750
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0755
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.5414/cn107615
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1159/000431331
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
dx.doi.org/10.1097/00005792-199509000-00002
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0775
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0780
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
http://refhub.elsevier.com/S1665-2681(19)32234-3/sbref0785
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.3899/jrheum.080874
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1002/acr.20381
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016
dx.doi.org/10.1016/j.jhep.2016.11.016

	Mechanisms of kidney dysfunction in the cirrhotic patient: Non-hepatorenal acute-on-chronic kidney damage considerations
	1 Introduction
	2 NASH
	3 Renal complications of viral hepatitis
	4 Cardiorenal syndrome in cirrhotics
	5 Corticosteroid deficiency
	6 Conclusions
	Conflict of interest
	References


