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ACKGROUND & AIMS: The prognostic value of the
ifferent causes of renal failure in cirrhosis is not well
stablished. This study investigated the predictive value
f the cause of renal failure in cirrhosis. METHODS:
ive hundred sixty-two consecutive patients with cirrho-
is and renal failure (as defined by serum creatinine � 1.5

g/dL on 2 successive determinations within 48 hours)
ospitalized over a 6-year period in a single institution
ere included in a prospective study. The cause of renal

ailure was classified into 4 groups: renal failure associ-
ted with bacterial infections, renal failure associated
ith volume depletion, hepatorenal syndrome (HRS),
nd parenchymal nephropathy. The primary end point
as survival at 3 months. RESULTS: Four hundred

ixty-three patients (82.4%) had renal failure that could
e classified in 1 of 4 groups. The most frequent was
enal failure associated with infections (213 cases; 46%),
ollowed by hypovolemia-associated renal failure (149;
2%), HRS (60; 13%), and parenchymal nephropathy (41;
%). The remaining patients had a combination of causes
r miscellaneous conditions. Prognosis was markedly dif-
erent according to cause of renal failure, 3-month prob-
bility of survival being 73% for parenchymal nephropa-
hy, 46% for hypovolemia-associated renal failure, 31% for
enal failure associated with infections, and 15% for HRS
P � .0005). In a multivariate analysis adjusted for po-
entially confounding variables, cause of renal failure was
ndependently associated with prognosis, together with

ELD score, serum sodium, and hepatic encephalopathy
t time of diagnosis of renal failure. CONCLUSIONS: A
imple classification of patients with cirrhosis accord-
ng to cause of renal failure is useful in assessment of
rognosis and may help in decision making in liver

ransplantation.

eywords: Cirrhosis; Model for End-Stage Liver Disease
core; MELD; Hepatorenal Syndrome.

atients with cirrhosis may develop renal failure be-
cause of a variety of causes, including bacterial infec-

ions, volume depletion caused by bleeding or fluid

osses, intrinsic renal diseases, mainly glomerulonephri-
ies associated with alcoholic liver disease or hepatitis B
r C infection or other chronic kidney diseases, and
ephrotoxicity, particularly related to treatment with
onsteroidal anti-inflammatory drugs (NSAIDs).1–3 It has
een known for many years that patients with cirrhosis
nd renal failure have a reduced survival than patients
ithout renal failure.1–3 This explains, at least in part, the
ower of the Model for End-Stage Liver Disease (MELD)
core in the assessment of prognosis in cirrhosis, because
n addition to parameters of liver function it includes
erum creatinine.4 Compared with the abundance of
tudies that show the prognostic value of renal function
arameters, particularly serum creatinine (reviewed in1–3),

t is not known whether the cause of renal failure is
elevant to prognosis. This information may be impor-
ant not only for clinical management of patients and
lassification of patients in therapeutic trials but also in
ecision making in liver transplantation. On this back-
round, we designed a prospective, single-center study to
valuate the causes of renal failure in hospitalized pa-
ients with cirrhosis and their relevance to prognosis.

Materials and Methods
Study Population
All consecutive patients with cirrhosis and renal

ailure hospitalized at the Liver Unit of the Hospital
línic of Barcelona from January 2002 to September
008 were included in a prospective study aimed at in-
estigating the causes of renal failure in cirrhosis and
heir relationship with prognosis. Patients admitted for
omplications of cirrhosis as well as for conditions un-
elated to liver disease that had renal failure at admission
r developed renal failure during hospitalization were

ncluded. The only patients excluded from the study were
1) patients previously treated with liver transplantation,

Abbreviations used in this paper: HRS, hepatorenal syndrome;
ELD, Model for End-Stage Liver Disease; NSAID, nonsteroidal anti-

nflammatory drug.
© 2010 by the AGA Institute

0016-5085/$36.00
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2 MARTÍN–LLAHÍ ET AL GASTROENTEROLOGY Vol. xx, No. x
2) patients with chronic renal failure who were under
emodialysis treatment before admission, and (3) pa-
ients with cirrhosis and previous kidney transplantation.

Study Design and Interventions
All patients had their renal function assessed at

dmission and at regular intervals throughout hospital-
zation. If renal failure (see “Definitions”) was present at
dmission or developed during hospitalization, the fol-
owing work-up for identification of the cause of renal
ailure was performed: (1) Systematic medical history,
ith particular emphasis on factors that could be asso-

iated with volume depletion (gastrointestinal bleeding,
xcessive weight loss in patients with ascites treated with
iuretics, gastrointestinal fluid losses), signs of bacterial

nfection, or therapy with potentially nephrotoxic drugs,
articularly NSAIDs; (2) complete physical examination;

3) laboratory tests, including liver tests, serum electro-
ytes, cell blood count, urinalysis, and examination of
scitic fluid; (4) cultures of blood, urine, and ascitic fluid
nd cultures of other organic fluids, when clinically in-
icated; and (5) renal ultrasonography. Laboratory tests,
scitic fluid analysis, urinalysis, and cultures were per-
ormed within 24 hours of the diagnosis of renal failure,
hereas renal ultrasonography was performed within a

ime frame of 3 days unless there was suspicion of ob-
tructive renal disease, in which case it was performed
ithin the same day.
Management of renal failure was done according to the

ollowing scheme: (1) in all patients receiving diuretics or
ther drugs that could induce renal failure, the drugs
ere withdrawn immediately after the diagnosis of renal

ailure; (2) in patients with signs suggestive of volume
epletion, plasma expanders were administered, and spe-
ific therapy was given according to the underlying cause
f volume depletion (ie, pharmacologic or endoscopic
herapy or both in patients with variceal bleeding); pa-
ients with hypovolemic shock were treated with plasma
xpansion and blood transfusion; (3) patients with sus-
ected bacterial infection were treated with empiric an-
ibiotic therapy according to previously established pro-
ocols5,6; in patients with septic shock vasoactive drugs
nd plasma expansion were given in addition to antibi-
tics; (4) patients with hepatorenal syndrome (HRS) with
erum creatinine greater than 2 mg/dL were treated with
erlipressin and albumin, as described elsewhere1; and (5)
enal replacement therapy was used for patients with
evere volume overload, metabolic acidosis, or hyperka-
emia unresponsive to medical therapy. Patients in ter-

inal condition who were not candidates for liver trans-
lantation were not treated with specific therapies (ie,
erlipressin) or renal replacement therapy. Management
f complications of cirrhosis was done with the guide-

ines described in detail elsewhere.5 Patients with spon-
aneous bacterial peritonitis were treated with albumin

ogether with antibiotics at the time of diagnosis of the g
nfection to prevent the development of renal failure.1,7

fter discharge from the hospital, patients were followed
p for at least 3 months in the outpatient clinic.

Definitions
Cirrhosis. The diagnosis of cirrhosis was based

n liver biopsy, when available, or on a combination of
linical, biochemical, ultrasonographic, and endoscopic
ndings.

Renal failure. Renal failure was diagnosed when
erum creatinine concentration was greater than 1.5
g/dL (133 �mol/L) in 2 consecutive measurements

erformed within a 48-hour period. This value of serum
reatinine was used because it has been selected in several
onsensus conferences as a cutoff to define renal failure
n cirrhosis.8,9

Causes of renal failure. The following classifica-
ion, based on clinical and analytical findings, was used
o classify patients with cirrhosis and renal failure into 4
ifferent categories: (1) Renal failure associated with infec-

ions. Renal failure was considered secondary to an infec-
ion when patients had an ongoing infection in the
bsence of other causes of renal failure. The following
efinitions of specific infections were used: spontaneous
acterial peritonitis was defined as the presence of a
olymorphonuclear count greater than 250 per mm3 in
scitic fluid in the absence of a source of infection in the
eritoneal cavity10; secondary bacterial peritonitis was
efined as a polymorphonuclear count greater than 250
er mm3 in ascitic fluid in the presence of inflammation
r perforation of an abdominal organ10; spontaneous
acteremia was defined in the presence of positive blood
ultures without an evident source of infection; pneumo-
ia, urinary tract infection, cellulitis, biliary tract infec-
ion, gastroenteritis, and meningitis were defined with
tandard diagnostic criteria; finally, culture-negative sep-
is was defined as the presence of fever (�38°C), leuko-
ytosis, or band forms together with negative cultures,
equiring antibiotic therapy, after exclusion of conditions
ther than infection that could be responsible for the
ystemic inflammatory response. (2) Hypovolemia-related
enal failure. Renal failure was considered related to
ypovolemia when patients had a history of fluid losses

n the preceding days (because of bleeding, diuretics, or
ther causes, mainly gastrointestinal fluid losses) to-
ether with compatible findings and the absence of other
auses of renal failure. (3) Renal failure because of paren-
hymal nephropathy was considered when there was either
roteinuria greater than 500 mg/24 hours, abnormal
rine sediment with more than 50 red cells per high-
ower field, or abnormal renal ultrasound findings in the
bsence of other causes of renal failure; a renal biopsy
as performed in these patients when there were no
arked coagulation abnormalities (prothrombin time
50% and platelet count � 50,000/�L), and patients
ave informed consent. (4) Hepatorenal syndrome. The
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Month 2010 RENAL FAILURE IN CIRRHOSIS 3
iagnosis of HRS was made after exclusion of other
otential causes of renal failure as follows: absence of
igns of infection, hypovolemia or shock, no previous
reatment with potentially nephrotoxic drugs, protein-
ria �500 mg/d, hematuria �50 cells per high-power
eld, and no improvement of renal function (reduction

n serum creatinine � 1.5 mg/dL) after volume expan-
ion.8 These criteria were used instead of the most recent
riteria of the International Ascites Club because the
atter were published when the inclusion of patients in
he current study was almost finished. The assignment of
atients into the 4 different categories was done when
he results of all tests and ultrasonography were avail-
ble, usually within a period of 5 days after diagnosis of
enal failure. All cases were reviewed by 2 of the investi-
ators, and an agreement was required for the classifica-
ion of patients into 1 of the 4 categories. Disagreements
ere reconciled with the help of a third investigator.
atients who could not be classified in a specific category
ecause of combination of findings of infection, hypovo-

emia, or parenchymal nephropathy were classified into a
eparate group of mixed causes.

Statistical Analysis
Univariate analyses of the variables associated

ith 3-month mortality or causes of renal failure were
arried out by Student t tests or 1-way analyses of vari-
nce (for continuous variables) and �2 tests (for categor-
cal variables). All variables analyzed for their relationship
ith survival or renal failure, including MELD score, were

hose obtained at the time of diagnosis of renal failure.
urvival curves were estimated by Kaplan–Meier method.

Because all patients were followed for 3 months, a
ultivariate logistic regression model was fitted to esti-
ate the effect of causes of renal failure on 3-month

urvival. Those variables associated with both 3-month
urvival and causes of renal failure were selected as po-
ential confounders. First, a logistic regression model,
ncluding causes of renal failure as the only factor, was
tted. Each potential confounder was then added into
he model to get an adjusted estimate of the main effect
tudied. When the change in the estimated coefficient for
he cause of renal failure was higher than 10%, the con-
ounding variable was kept in the model, otherwise it was
ropped. The predictive ability of the fitted explanatory
odel was assessed by estimating the corresponding area

nder the receiver-operated curve (C-statistics) and its
5% confidence interval.

On the basis of the final logistic regression models,
rognostic formulae were derived to estimate the proba-
ility of death at 3 months for the different individual
atterns. The logit link is as follows: P(event) � ex-
(LOGIT)/1 � exp(LOGIT). Individual LOGIT values
an be estimated for every combination of the variables in
he model by the linear equation: LOGIT � � � �1X1 �
2X2 � . . . �nXn, where � is the constant term and the �s p
re the estimated coefficients for the different model
ariables. The equation can be used to estimate the rela-
ionship between the different values of a specific model
ariable and the corresponding estimates for LOGIT (and
robability of the outcome), simply by fixing the values
f the rest of variables in the model.

The study was approved by the Institutional Review
oard. Statistical analysis was performed with SPSS 15

or Windows (SPSS Inc, Chicago, IL). Results are ex-
ressed as mean � SD or counts and percentages, with
� .05 considered as statistically significant.

Results
Causes of Renal Failure: Prevalence and
Characteristics of Patients
Five hundred sixty-two consecutive hospitalized

atients with cirrhosis and renal failure were identified
uring the study period. Four hundred sixty-three pa-
ients (82.4%) were classified into the 4 prespecified cat-
gories of renal failure. The most frequent cause was
enal failure associated with infections (213 patients;
6%), followed by hypovolemia-related renal failure (149;
2%), HRS (60, 13%), and parenchymal nephropathy (41,
%). The remaining patients could not be classified into
of the 4 groups either because they had a mixed cause

f renal failure (45 cases), drug-induced renal failure (42
ases; in most patients related to the administration of
SAIDs), or miscellaneous diseases (12 cases). Further

nformation on the specific causes of renal failure in
hese 3 subsets of patients as well as their survival is given
n the Supplementary Materials and Methods. Three-

onth probability of survival of patients with drug-
nduced or miscellaneous causes of renal failure was
reater than 60%, compared with less than 40% in pa-
ients with mixed cause of renal failure (P � .009; Sup-
lementary Figure 1). These patients were not considered
or further analysis. The disposition of all patients in-
luded in the study is shown in Supplementary Figure 2.

Among patients with renal failure associated with in-
ections, the most frequent cause of infection was spon-
aneous bacterial peritonitis (32.9%), followed by respira-
ory tract infections (20.7%), spontaneous bacteremia
11%), urinary tract infections (10.3%), skin infections
8%), and miscellaneous infections (17.4%). One hundred
orty-six patients (70.5%) had positive microbiologic cul-
ures. Gram-positive isolates were more frequent than
ram-negative isolates (35.6% vs 32.2%, respectively).
mong patients with hypovolemia-related renal failure,

he most frequent cause of volume depletion was gastro-
ntestinal bleeding (42.3%), followed by diuretics (30.2%),
leeding from nongastrointestinal sources (8.7%), gastro-

ntestinal fluid losses (7.4%), and miscellaneous circum-
tances (11.4%). The presence of shock was common in
atients with infections and hypovolemia-related renal
ailure. In patients with infections, 72 (33.8%) of the 213

atients had shock, whereas shock was present in 26
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4 MARTÍN–LLAHÍ ET AL GASTROENTEROLOGY Vol. xx, No. x
17.4%) of the 149 patients with hypovolemia. Among
atients with HRS, 38 (63.3%) had type 1 HRS and 22

36.7%) had type 2 HRS. In the group of patients with
enal failure due to parenchymal nephropathy, more
han half of the patients (24 cases; 58.5%) had histologic
onfirmation of kidney disease. Ten patients had immu-
oglobulin A nephropathy, 9 had hepatitis C virus–asso-
iated nephropathy, and 5 had nephroangiosclerosis. A
idney biopsy could not be obtained in the remaining 17
atients.
Of the 285 patients who had a value of serum creati-

ine available within a time frame of 3 months before
dmission, 68 patients already had renal failure (serum
reatinine �1.5 mg/dL). Of these patients, 31 developed
uperimposed acute impairment of renal function (as
efined by an increase of �50% between the last pread-
ission value and the peak value of serum creatinine

uring hospitalization). Serum creatinine concentration
n these patients increased from 2.0 � 0.8 to 4.9 � 2.4

g/dL, respectively (P � .001), whereas in patients with-
ut superimposed acute impairment of renal function
orresponding values of serum creatinine were 2.1 � 0.6
nd 2.5 � 0.8 mg/dL, respectively (P � .001). In the 217
atients without renal failure before admission, serum

able 1. Demographic and Clinical Characteristics, Liver Tes
Classified According to the Cause of Renal Failure

Bacterial infect
(n � 213)

ge, y, mean � standard deviation 60 � 12
ex, male, n (%) 147 (69)
ause of cirrhosis (alcohol/HCV/other), n 87/69/57
scites, n (%) 185 (86.9)
epatic encephalopathy, n (%) 120 (56.3)
ean arterial pressure, mm Hg, mean � standard
deviation

72 � 14

eart rate, beats per minute, mean � standard
deviation

87 � 14

erum albumin, g/L, mean � standard deviation 27 � 5
erum bilirubin, mg/dL, mean � standard
deviation

10.6 � 11.6

rothrombin time, mean � standard deviation 46 � 18
hild–Pugh A/B/C, n 6/53/119
ELD score, mean � standard deviation 24 � 7
erum creatinine at diagnosis, mg/dL, mean �
standard deviation

2.4 � 1

erum sodium, mEq/L, mean � standard
deviation

128 � 7

yponatremia, n (%)a 123 (58)
lomerular filtration rate, mL/min, mean �
standard deviationb

31 � 11

rine sodium, mEq/L, mean � standard deviationc 20 � 20
rine volume, mL/d, mean � standard deviationd 874 � 710

OTE. HCV, hepatitis C virus.
Defined as serum sodium lower than 130 mEq/L.
Estimated using the MDRD formula (Levey et al11).
Not available in 82 patients with bacterial infections, 65 patients w
ephropathy.
Not available in 36 patients with bacterial infections, 27 patients w

ephropathy.
reatinine concentration increased from 1.1 � 0.3 to
.9 � 1.4 mg/dL (P � .001). The survival of the 285
atients with an available serum creatinine concentration
ithin 3 months before admission was divided into the

ollowing 3 groups: chronic renal failure, chronic renal
ailure with superimposed acute renal impairment, and
cute renal failure (Supplementary Figure 3). Three-
onth probability of survival was significantly better in

atients with chronic stable renal failure than in patients
ith acute or acute-on-chronic renal failure (P � .035).
he distribution of patients of the 4 categories of renal

ailure according to the state of renal function before
dmission is shown in Supplementary Table 1.

The clinical characteristics and liver and renal function
ests of the 4 groups of patients classified according to
he cause of renal failure are shown in Table 1. Patients
ith renal failure due to parenchymal nephropathy were
ore frequently alcoholic, had higher arterial pressure,

ess severe liver failure, more marked impairment of renal
unction, and lower MELD score than patients from the
ther 3 groups. The mean values of peak serum creati-
ine concentrations during hospitalization were 3.4 �
.6, 2.8 � 1.6, 3.7 � 1.9, and 3.8 � 2 mg/dL in patients
ith infections, hypovolemia, HRS, and parenchymal ne-

nd Renal Function at Diagnosis of Renal Failure in Patients

Hypovolemia
(n � 149)

Hepatorenal syndrome
(n � 60)

Parenchymal nephropathy
(n � 41)

64 � 13 60 � 12 63 � 11
104 (69.8) 46 (76.7) 30 (73.2)
54/56/39 16/24/20 18/14/9
107 (71.8) 60 (100) 31 (75.6)
72 (48.3) 31 (51.7) 11 (26.8)
76 � 13 76 � 10 91 � 13

84 � 16 80 � 13 77 � 11

28 � 6 28 � 5 30 � 5
4.6 � 6.8 11.3 � 11.7 1.6 � 1.4

58 � 19 46 � 18 67 � 17
16/53/61 2/15/36 8/23/5
21 � 6 26 � 8 19 � 5
2.3 � 0.9 2.3 � 0.7 3 � 1.4

130 � 7 126 � 7 135 � 4

62 (42) 42 (70) 4 (10)
32 � 11 32 � 9 25 � 10

27 � 28 14 � 16 30 � 22
982 � 697 733 � 408 969 � 654

povolemia, 15 patients with HRS, and 5 patients with parenchymal

ypovolemia, 7 patients with HRS, and 5 patients with parenchymal
ts, a

ions

ith hy

ith h
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Month 2010 RENAL FAILURE IN CIRRHOSIS 5
hropathy, respectively. Improvement of renal function
defined as a reduction in serum creatinine of at least 30%
f the maximum value of serum creatinine concentration
uring the hospitalization period) was observed in 117

54.9%) patients with infections, 88 (59.1%) with hypov-
lemia-related renal failure, 18 (30%) with HRS, and 9
22%) with parenchymal nephropathy.

Survival
At the end of the 3-month follow-up period, 151

32.6%) of the 463 patients were alive, 276 (59.6%) had
ied, 21 (4.6%) had received a transplant, and only 15

3.2%) were lost to follow-up. Overall, the 3-month prob-
bility of survival was low, 38%, with a median survival of
nly 41 days. Figure 1 shows the probability of survival of
atients classified into the 4 different categories accord-

ng to the cause of renal failure. Patients with parenchy-
al nephropathy had the best survival of the 4 categories

73% probability of survival at 3 months), followed by
atients with hypovolemia-related renal failure, who had
3-month probability of survival of 46%. Among patients
ith hypovolemia-related renal failure, survival was bet-

er for those in whom diuretics were the cause of renal
ailure compared with those with bleeding (52% vs 37%
robability of survival at 3 months; P � .05). Patients
ith renal failure associated with infections and those
ith HRS had the lowest 3-month probability of survival
f the 4 categories, 31% and 15%, respectively. The sur-
ival of patients with renal failure associated with infec-
ions was low even when patients with septic shock were
xcluded (3-month probability of survival of patients
ith and without septic shock was 24% and 35%, respec-

igure 1. Three-month probability of survival of patients with cirrhosis
nd renal failure categorized in 4 different groups according to the
ause of renal failure: renal failure due to parenchymal nephropathy,
ypovolemia-associated renal failure, infection-associated renal failure,
nd HRS (P � .0005). HRS was defined according to the classical
iagnostic criteria (Arroyo et al8). Figures under the curves are patients
st risk at different time points.
ively). Among patients with infection, those with respi-
atory tract infection and sepsis of unknown origin had
he worst survival probability (14% and 22%, respectively),
hereas those with urinary tract infections and sponta-
eous bacterial peritonitis had better survival (37% and
2%, respectively). The relationship between variables ob-
ained at diagnosis of renal failure and 3-month survival
s shown in Table 2.

To assess the relevance of the cause of renal failure on
rognosis, an explanatory logistic regression model was
erformed. Potentially confounding variables included in
he model were those associated with both 3-month
urvival and cause of renal failure. The final model in-
luded the cause of renal failure together with MELD
core, serum sodium concentration, and the presence of
epatic encephalopathy at diagnosis of renal failure

Table 3).
Taking into account that the new diagnostic criteria of
RS9 include patients with active bacterial infection,
ith the exception of those with septic shock, a second

ogistic regression analysis was performed with the pa-
ients classified according to 3 categories: (1) HRS with
he use of the new definition9 (this group was composed
f patients from 2 of the former categories: HRS and
enal failure associated with infections, but excluding
atients with septic shock; 201 patients were included in
his new category); (2) hypovolemia-related renal failure;
nd (3) renal failure due to parenchymal nephropathy.
igure 2 shows the survival curves of patients divided
ccording to these 3 categories of renal failure. The final
ogistic regression model included the cause of renal
ailure together with MELD score and serum sodium
oncentration at diagnosis of renal failure (Table 4). The
reas under the receiver-operated curves of the 2 models
ere similar, 0.788 (95% CI, 0.75– 0.83) and 0.763 (95%
I, 0.72– 0.81), respectively. The area under the receiver-
perated curve of a model with MELD score alone was
.736 (95% CI, 0.69 – 0.78).

To analyze the relationship between MELD score and
urvival for each category of renal failure, prognostic
ormulae were constructed so that the importance of the
ause of renal failure in terms of MELD points could be
ssessed (Supplementary Tables 2 and 3). In the model
ith 4 categories of renal failure, for patients with a

imilar probability of death, the differences in MELD
cores with respect to parenchymal nephropathy were an
verage of �7, �8, and �16 MELD points for hypovol-
mia-related renal failure associated with infection, and
RS groups, respectively (Supplementary Materials and
ethods and Supplementary Tables 4 and 5). In the
odel with 3 categories, the differences between paren-

hymal nephropathy and hypovolemia-related renal fail-
re and HRS were an average of �7 and �10 MELD
oints, respectively (Supplementary Materials and Meth-
ds and Supplementary Table 6). A plot of the relation-

hip between the probability of death at 3 months and
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6 MARTÍN–LLAHÍ ET AL GASTROENTEROLOGY Vol. xx, No. x
ELD score for the 3 or 4 different categories of renal
ailure is given in Figure 3. For all values of MELD score,
he probability of death increased progressively from
arenchymal renal failure to hypovolemia-related renal
ailure, renal failure associated with infections, and HRS.

Discussion
The current study reports the largest prospective

nvestigation of renal failure in cirrhosis and provides
nformation on the causes of renal failure in hospitalized
irrhotic patients and its relationship with prognosis.
he most frequent causes of renal failure were infections

able 2. Relationship of Variables Obtained at Diagnosis of R

Variable

ge, y, mean � standard deviation
ex, male, n (%)
ause of cirrhosis (alcohol/HCV/other), n
scites, (%)
epatic encephalopathy, n (%)
ean arterial pressure, mm Hg, mean � standard deviation
eart rate, beats per minute, mean � standard deviation
erum albumin, g/L, mean � standard deviation
erum bilirubin, mg/dL, mean � standard deviation
rothrombin time, %, mean � standard deviation
hild–Pugh A/B/C, n
ELD score, mean � standard deviation
erum creatinine at diagnosis, mg/dL, mean � standard deviation
erum sodium, mEq/L, mean � standard deviation
yponatremia, n (%)
lomerular filtration rate, mL/min, mean � standard deviationa

rine sodium, mEq/L, mean � standard deviation
rine volume, mL/d, mean � standard deviation

OTE. HCV, hepatitis C virus.
Estimated with the MDRD formula (Levey et al11).

able 3. Estimation of the Effect of the Cause of Renal
Failure on 3-Month Mortality With Renal Failure
Classified in 4 Categories: Parenchymal
Nephropathy, Bacterial Infections, Hypovolemia-
Related, and Hepatorenal Syndrome Defined With
the Classical Diagnostic Criteria8

Odds
ratio P

95% confidence
interval

ypovolemia-related 2.32 .049 1.00–5.36
acterial infections 2.61 .027 1.11–6.11
epatorenal syndrome 6.88 .001 2.19–21.55
ELD score at diagnosis 1.13 �.0005 1.08–1.18
erum sodium at
diagnosis

0.96 .020 0.92–0.99

epatic encephalopathy
at diagnosisa

1.94 .005 1.22–3.09

OTE. Reference category of final logistic model included parenchy-
al nephropathy. Potentially confounding variables evaluated in the
odel were MELD score, serum sodium, hepatic encephalopathy,
ean arterial pressure, heart rate, prothrombin time, international
ormalized ratio, serum albumin, serum bilirubin, ascites, Child–Pugh
core, and shock.
uGrades I to IV.
ollowed by conditions associated with volume depletion,
oth accounting for almost two-thirds of all cases. Infec-
ions are a well-documented cause of renal failure in
irrhosis.1–3,12–14 In most cases, renal failure in patients
ith infections occurs in the absence of septic shock, as

hown by the data of the current study. The pathogenic
echanism of renal failure in patients with cirrhosis and

acterial infections is not completely understood, but it
s thought to be related to an impairment of the systemic
rterial vasodilation present in cirrhosis because of bac-

igure 2. Three-month probability of survival of patients with cirrhosis
nd renal failure categorized in 3 different groups according to the
ause of renal failure: renal failure due to parenchymal nephropathy,
ypovolemia-associated renal failure, and HRS (P � .0005). HRS was
efined according to the new diagnostic criteria (Salerno et al9), which

nclude patients with HRS diagnosed with the classical criteria (Arroyo et
l8) plus patients with active infections but without septic shock. Figures

l Failure and 3-Month Mortality

Alive Dead P

62 � 13 62 � 12 NS
113 (75) 190 (69) NS

69/51/31 94/97/85 NS
104 (69) 248 (90) �.0005
53 (35) 166 (60) �.0001
80 � 15 74 � 13 �.0005
82 � 14 86 � 14 .006
29 � 5 26 � 5 �.0005
3.0 � 3.9 10.7 � 11.6 �.0005
61 � 17 47 � 19 �.0005

26/69/41 4/65/164 �.0005
20 � 5 26 � 8 �.0005
2.4 � 1 2.4 � 1 NS

132 � 7 128 � 7 �.0005
53 (35) 162 (59) �.0001
31 � 11 31 � 11 NS
26 � 24 20 � 22 NS

1064 � 643 817 � 690 .001
ena
nder the curves are patients at risk at different time points.
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Month 2010 RENAL FAILURE IN CIRRHOSIS 7
erial products or vasoactive mediators synthesized in
elation with the infection.1,2,6,7,12–14 Our results indicate
hat almost any bacterial infection may cause renal fail-
re in cirrhosis, yet the most frequent are spontaneous

nfections (ie, infections caused by the spontaneous pas-
age of bacteria mostly from the gastrointestinal tract to
he systemic circulation), including spontaneous bacte-
ial peritonitis and spontaneous bacteremia, followed by
espiratory and urinary tract infections. It is important to
ote that, among patients with positive bacteriologic
ultures, gram-positive bacteria were more common than
ram-negative bacteria. These data are in agreement with
he increasingly recognized importance of gram-positive
acteria as a cause of infection in hospitalized patients with
irrhosis.15,16 Fungal infections were also identified as a
ause of renal failure, although their frequency was low.

Hypovolemia-related renal failure was the second cause
f renal failure in the current series. The most common
auses of hypovolemia were gastrointestinal bleeding fol-
owed by diuretics, which accounted for almost 75% of

able 4. Estimation of the Effect of the Cause of Renal
Failure on 3-Month Mortality With Renal Failure
Classified in 3 Categories: Parenchymal
Nephropathy, Hypovolemia-Related, and
Hepatorenal Syndrome Defined With the Most
Recent Diagnostic Criteria9

Odds
ratio P

95% confidence
interval

ypovolemia-related 2.62 .022 1.15–5.98
epatorenal syndrome 3.48 .004 1.48–8.17
ELD score at diagnosis 1.14 �.0005 1.09–1.19
erum sodium at diagnosis 0.96 .037 0.93–0.99

OTE. Reference category of final logistic model included parenchy-
al nephropathy. Potentially confounding variables evaluated in the
odel were MELD score, serum sodium, hepatic encephalopathy,
ean arterial pressure, heart rate, prothrombin time, international
ormalized ratio, serum albumin, serum bilirubin, ascites, Child–Pugh
core, and shock.

igure 3. Plots of relationship of MELD score and 3-month probab
cores according to 4 categories of renal failure as shown in Supplem
ELD scores according to 3 categories of renal failure, as shown
yndrome defined according to the most recent diagnostic criteria.9
ases of renal failure related to hypovolemia. Most pa-
ients with hypovolemia developed renal failure in the
bsence of hypovolemic shock, which was present in only
7% of patients. HRS, as defined with the classical defi-
ition which excludes patients with active infections,8

as the third cause of renal failure, accounting for only
1% of cases of renal failure. However, if the new defini-
ion of HRS was used,9 the frequency of HRS increased
p to 43%, being the most frequent cause of renal failure

n hospitalized patients. Parenchymal nephropathy was
ound to be a significant cause of renal failure in the
urrent series. These data are in agreement with recent
eports that emphasize the importance of intrinsic renal
iseases in patients with cirrhosis.17 It is possible that the
requency of parenchymal nephropathy as a cause of
enal failure could have been underemphasized because it
as diagnosed only in patients with marked urine or
ltrasonographic abnormalities, as suggested by interna-
ionally accepted criteria.8,9 Finally, it is worth mention-
ng that, although NSAIDs were described as a cause of
enal failure almost 30 years ago18 and the use of these
rugs in patients with cirrhosis is discouraged in all
urrent practice guidelines,19 –21 renal failure due to the
dministration of these drugs is still observed as a cause
f admission to hospital (5.7% in the current series).

The main finding of the current study is that the
ategorization of patients with cirrhosis and renal failure
n 4 different groups with the use of a simple classifica-
ion that is based on the cause of renal failure (renal
ailure associated with infections, hypovolemia-related
enal failure, HRS, and parenchymal nephropathy) has
rognostic relevance. This classification is based on clin-

cal and analytical data and can be used in all settings.
atients with the best survival are those with renal failure
ue to parenchymal nephropathy (3-month probability
f survival of 73%), followed by patients with hypovol-
mia-related renal failure, patients with infection-associ-
ted renal failure, and patients with HRS (3-month prob-

f death in the different categories of renal failure. (Left graph) MELD
ry Table 4 (patients without hepatic encephalopathy). (Right graph)

upplementary Table 6. HRS, hepatorenal syndrome. *Hepatorenal
ility o
enta

in S
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8 MARTÍN–LLAHÍ ET AL GASTROENTEROLOGY Vol. xx, No. x
bility of survival of 46%, 31%, and 15%, respectively). The
ost probable explanation for the good prognosis of

atients with renal failure due to parenchymal renal
iseases is that most of these patients had renal failure in
he setting of a remarkably preserved liver and circulatory
unction, compared with the other groups of patients.
n the basis of these findings, it is appealing to speculate

hat in patients with parenchymal renal diseases the
evelopment of renal failure, by increasing renal sodium
etention, triggers the decompensation of cirrhosis and
ormation of ascites at a relatively early stage in the
volution of the liver disease. The relatively good prog-
osis of renal failure due to parenchymal nephropathy
hould be taken into account, particularly in patients who
re candidates for transplantation in whom combined liver-
idney transplantation is considered. Although the number
f patients with cirrhosis and renal failure due to parenchy-
al nephropathy included in the current series was rela-

ively small, it may be suggested that liver transplantation
hould not be offered to all patients with cirrhosis and renal
ailure due to parenchymal nephropathy, but only to those
hat in addition to renal failure have other poor prognostic
ndicators, including severe liver failure, low serum sodium
oncentration, or hepatic encephalopathy. This strategy,
hich should ideally be assessed in future specific studies,
ould allow for the reduction of the number of combined

iver-kidney transplantations performed that has increased
arkedly since the introduction of the MELD score as the
ethod for organ allocation in liver transplantation.22

Compared with patients with renal failure due to pa-
enchymal nephropathy, patients with hypovolemia-re-
ated renal failure, renal failure associated with infec-
ions, and HRS had a much worse prognosis. This
uggests that in cirrhosis, renal failure of hemodynamic
rigin (either because of loss of fluid from the intravas-
ular compartment or because of arterial vasodilatation
ithout fluid loss) has a greater negative effect on sur-

ival than renal failure of intrinsic renal origin. Moreover,
hese 3 groups of patients had marked liver failure which
ould have also contributed to their poor prognosis. The
rognosis was remarkably dismal in patients with HRS
nd renal failure-associated with infections (3-month
robability of survival of 15% and 31%, respectively). The
oor prognosis observed in patients with HRS is proba-
ly because almost two-thirds of patients had type 1
RS, the type of HRS with the worst survival.1,8,9 A key
nding of this study was the low survival rate of patients
ith renal failure associated with infection. This poor
rognosis has also been reported in other studies, includ-

ng a much smaller number of patients.6,13,14 Even if
atients with septic shock were excluded from the group
f patients with infection-associated renal failure, the
-month probability of survival remained remarkably low
24% vs 35%, including and excluding patients with septic
hock, respectively). When the group of patients with

enal failure associated with infection without septic s
hock was combined with those with HRS, the 3-month
robability of survival was only 29%. These data clearly

ndicate that the research on renal failure in cirrhosis in
he next years should be focused on mechanisms and
revention of renal failure in patients with infections
ith the objective of improving survival.
With the use of a logistic regression model, MELD

core, serum sodium, and hepatic encephalopathy at di-
gnosis of renal failure together with the cause of renal
ailure were associated with prognosis. The finding that

ELD score is a prognostic factor in patients with cir-
hosis and renal failure has also been reported in several
maller series of patients with different types of renal
ailure.13,14,23 Nevertheless, it is important to point out
hat the specific prognostic implications of a given

ELD score may vary substantially in different set-
ings.24 –26 A number of investigations have shown that
erum sodium is an independent predictive factor of
urvival in patients with cirrhosis awaiting liver trans-
lantation.24,25,27 Our study extends these observations
y showing that serum sodium has also prognostic value

n hospitalized patients with renal failure. The consistent
ndings of the prognostic value of serum sodium con-
entration across different populations of patients with
irrhosis and its independent value from other prognos-
ic factors suggests that low serum sodium concentration
er se has a negative effect on the natural history of
irrhosis. The relationship between low serum sodium
nd poor outcome requires investigation in future stud-
es. Finally, the presence of hepatic encephalopathy at
iagnosis was also an independent predictive factor of
urvival, emphasizing the relevance of hepatic encepha-
opathy in the outcome of patients with cirrhosis.

A number of other issues of this study also warrant
iscussion. First, the categorization of patients with renal
ailure used in the current study did not allow for the
lassification of 17.6% of patients with renal failure be-
ause they had a combination of several causes of renal
ailure or miscellaneous conditions. Unfortunately, cur-
ently no specific markers help in the identification of the
ause of renal failure in cirrhosis. An effort should be
ade in the detection of markers of renal failure that
ay be useful for the differential diagnosis. Second, it

ould be argued that the cutoff value of serum creatinine
sed (1.5 mg/dL) was too high and that a lower value
hould have been used. This value was selected because it
s widely recognized as the cutoff value of renal failure in
irrhosis and has been used in most published studies on
enal failure in cirrhosis.1,8,9,12–14 Finally, it is important
o emphasize that the results of the current study are
nly applicable to the population of hospitalized patients
ith cirrhosis and may not apply to ambulatory patients
ith cirrhosis and renal failure.
In conclusion, the results of this large prospective

tudy indicate that in hospitalized patients with cirrho-

is, infections are the main cause of renal failure, fol-
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Month 2010 RENAL FAILURE IN CIRRHOSIS 9
owed by hypovolemia-related renal failure, HRS, and
arenchymal nephropathy. This classification in 4 cate-
ories has prognostic implications, with renal failure due
o parenchymal nephropathy having the best prognosis
nd renal failure associated with infections and HRS the
orst. MELD score, serum sodium, and hepatic enceph-
lopathy add to the prognostic value of this classification
f renal failure. This classification may be useful in the
ssessment of prognosis and may help in the decision
aking in liver transplantation.

Supplementary Material

Note: To access the supplementary material
ccompanying this article, visit the online version of
astroenterology at www.gastrojournal.org, and at doi:
0.1053/j.gastro.2010.07.043.
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Supplementary Materials and Methods

Causes of Renal Failure: Mixed Cause,
Nephrotoxicity, and Miscellaneous Causes
Of the 45 patients with mixed causes of renal

ailure (8% of the whole series of patients), the most
ommon combination was infection and hypovolemia
hich occurred in 41 patients (91%). The remaining 4
atients had combination of parenchymal nephropathy,

nfection, and hypovolemia (3 patients) and parenchymal
ephropathy plus hypovolemia (1 patient). No patient
ad a combination of HRS with other causes of renal

ailure because by definition HRS could only be diag-
osed when other causes of renal failure had been ex-
luded.8,9

In 42 patients (7.5% of the whole series) renal failure
as considered secondary to nephrotoxicity because of

he existence of a close chronologic relationship between
he administration of a potentially nephrotoxic agent
nd renal failure. In 19 of the 42 patients no cause of
enal failure other than the administration of a poten-
ially nephrotoxic agent could be identified (NSAIDs in
4 patients, antibiotics in 3, and �-blockers and vasodi-

ators in 1 patient each). In the remaining 23 patients,
here was a coexistence of administration of a potentially
ephrotoxic agent (NSAIDs in 18 patients and antibiot-

cs, �-blockers, vasodilators, contrast media, and ampho-
ericin B in 1 patient each) and another potential cause of
enal failure (hypovolemia and infection in 13 and 15

atients, respectively). In total, the administration of s
SAIDs was involved in 5.7% of patients in the whole
eries (32 of the 562 patients) and in 76.2% (32 of 42) of
atients with nephrotoxicity as the cause of renal failure.
In 12 patients (2.1% of the whole series) renal failure

as secondary to miscellaneous conditions (severe car-
iac failure in 8 patients, obstructive nephropathy in 3
atients, and rhabdomyolysis in 1 patient).
The survival of these 3 subsets of patients is shown in

upplementary Figure 1. Patients with nephrotoxicity or
iscellaneous conditions had a 3-month probability of

urvival significantly higher than patients with mixed
auses of renal failure. The 3-month probability of sur-
ival of patients with mixed causes of renal failure was
imilar to that of the 463 patients included in the 4
pecific categories of renal failure described in the body
f the article (33% vs 38%, respectively; P � NS).

Probability of Death According to MELD
Score for Each Category of Renal Failure
To analyze the relationship between MELD score

nd survival for each category of renal failure, prognostic
ormulae were constructed so that the importance of the
ause of renal failure in terms of MELD points could be
ssessed. The prognostic formula used for the calculation
f survival has been described in “Materials and Meth-
ds.” Specific prognostic formulae used for each category
f renal failure are shown in Supplementary Tables 2 and
. The relationship between the probability of death and
ELD score within each category of renal failure are
hown in Supplementary Tables 4 – 6.
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upplementary Figure 1. Three-month probability of survival of pa-
ients with cirrhosis and renal failure due to mixed causes of renal failure
combination of infection, hypovolemia, or parenchymal nephropathy;
5 patients), drug-induced (42 patients), and miscellaneous (12 pa-
ients) conditions. Figures under the curves are patients at risk at differ-
nt time points.
upplementary Figure 2. Disposition of patients in the study accord-
ng to the cause of renal failure. See Supplementary Materials and
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upplementary Figure 3. Three-month probability of survival of 285
atients with an available serum creatinine concentration within 3
onths before admission divided into 3 groups: chronic renal failure,

hronic renal failure with superimposed acute renal impairment, and
cute renal failure. Figures under the curves are patients at risk at

ifferent time points.

h
0
1.929.
upplementary Table 1. Distribution of Patients of the 4 Different Categories of Renal Failure According to the Status of
Renal Function Before Hospitalization

No previous renal failure,
n (%)

Chronic renal failure,
n (%)

Chronic renal failure with
superimposed acute

renal impairment, n (%)

nfection associated renal failure (n � 129)a 112 (87) 8 (6) 9 (7)
ypovolema-related renal failure (n � 108)a 80 (74) 17 (16) 11 (10)
epatorenal syndrome (n � 36)a 24 (67) 5 (14) 7 (19)
arenchymal nephropathy (n � 12)a 1 (8) 7 (58) 4 (33)
The number of patients with serum creatinine values available within a p
upplementary Table 2. Prognostic Formulae Used in the
Calculation of the Probability of
Death According to MELD Score in
the Model With 4 Categories

Category of Renal Failure Logita

nfection-associated
Without encephalopathy MELD � 0.123 � 2.374
With encephalopathy MELD � 0.123 � 1.712

ypovolemia-related
Without encephalopathy MELD � 0.123 � 2.491
With encephalopathy MELD � 0.123 � 1.829

epatorenal syndrome
Without encephalopathy MELD � 0.123 � 1.403
With encephalopathy MELD � 0.123 � 0.741

arenchymal nephropathy
Without encephalopathy MELD � 0.123 � 3.332
With encephalopathy MELD � 0.123 � 2.670

OTE. Serum sodium was set at 130 mEq/L (median value in the
hole series).
Logit � 1.998 � MELD � 0.123 � serum sodium � 0.041 �
epatic encephalopathy at diagnosis � 0.662 � hypovolemia-related �
.841 � bacterial infections � 0.958 � hepatorenal syndrome �
eriod of 3 months before hospitalization.
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upplementary Table 3. Prognostic Formulae Used in the
Calculation of the Probability of
Death According to MELD Score in
the Model With 3 Categories

Category of renal failure Logit

ypovolemia-related MELD � 0.131 � 2.425
epatorenal syndrome MELD � 0.131 � 2.143
arenchymal nephropathy MELD � 0.131 � 3.389

OTE. Serum sodium was set at 130mEq/L, the median value in the
hole series.
ogit � 1.881 � MELD � 0.131 � serum sodium � 0.040 �

ypovolemia-related � 0.964 � hepatorenal syndrome � 1.246.
upplementary Table 4. MELD Values Corresponding to the Different Levels of Probability of Death in Patients Without
Hepatic Encephalopathy Classified Into 4 Different Categories of Renal Failure

Probability of death
at 3 mo

Parenchymal nephropathy,
MELD score

Hypovolemia-related,
MELD score

Infection-associated,
MELD score

Hepatorenal syndrome,
MELD score

0.9 45.0 38.2 37.2 29.4
0.8 38.4 31.6 30.7 22.8
0.7 34.1 27.2 26.3 18.4
0.6 30.5 23.6 22.7 14.8
0.5 27.2 20.3 19.4 11.5
0.4 23.9 17.0 16.1 8.2
0.3 20.3 13.4 12.5 4.6
0.2 15.9 9.1 8.1 0.2
OTE. Serum sodium was set at 130 mEq/L, the median value in the whole series.
upplementary Table 5. MELD Values Corresponding to the Different Levels of Probability of Death in Patients With Hepatic
Encephalopathy Classified Into 4 Different Categories of Renal Failure

Probability of death
at 3 months

Parenchymal nephropathy,
MELD score

Hypovolemia-related,
MELD score

Infection-associated,
MELD score

Hepatorenal syndrome,
MELD score

0.9 39.7 30.8 31.9 24.0
0.8 33.1 24.6 25.3 17.4
0.7 28.7 20.5 20.9 13.0
0.6 25.1 17.1 17.3 9.4
0.5 21.8 14.0 14.0 6.1
0.4 18.5 10.9 10.7 2.8
0.3 14.9 7.6 7.1 —
0.2 10.5 3.5 2.7 —
OTE. Serum sodium was set at 130 mEq/L, the median value in the whole series.
upplementary Table 6. MELD Values Corresponding to the Different Levels of Probability of Death in Patients Classified
Into 3 Different Categories of Renal Failure

Probability of death
at 3 mo

Parenchymal nephropathy,
MELD score

Hypovolemia-related,
MELD score

Hepatorenal syndrome,
MELD scorea

0.9 42.6 35.3 33.1
0.8 36.5 29.1 26.9
0.7 32.3 25.0 22.8
0.6 29.0 21.6 19.5
0.5 25.9 18.5 16.4
0.4 22.8 15.4 13.3
0.3 19.4 12.0 9.9
0.2 15.3 7.9 5.8

OTE. Serum sodium was set at 130 mEq/L, the median value in the whole series.

According to the new diagnostic criteria (Salerno et al9).
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