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Renal failure in cirrhosis: prerenal azotemia, hepatorenal syndrome
and acute tubular necrosis
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Recent approaches to predict the prognosis for acute renal
failure (ARF) have been proposed. Whether these
approaches are applicable to cirrhotic patients is not clear.
Recently, acute kidney injury (AKI) was proposed to
replace the ARF term [1]. The initial approach to predict
the prognosis of the clinical syndrome of acute tubular
necrosis (ATN) due to ischemia, toxins or both were the
RIFLE criteria [1]. The progressive stages for the RIFLE
definition were Risk, Injury, Failure, Loss and End-stage
renal disease (ESRD). The stages were based on peak
changes in serum creatinine from baseline to 7 days. Risk
was defined as ≥150–200% (1.5- to 2.0-fold), Injury 200–
300% (2- to 3-fold) and Failure ≥300% (more than 3-fold
or serum creatinine ≥4.0 mg/dL) in serum creatinine from
baseline. Loss was designed as need for dialysis and
ESRD indicates dialysis dependence for longer than 4
weeks. Although not clearly stated, this definition is pre-
sumably dependent on the knowledge of a stable baseline
and assumes that acute glomerulonephritis, post-renal
causes (e.g. urinary tract obstruction) and reversible causes
(e.g. prerenal azotemia secondary to volume depletion)
have been eliminated. Otherwise, predicting prognosis of
ARF/AKI from a heterogenous group of patients with
renal dysfunction would be problematic. Earlier research
had shown that the faster the rise in serum creatinine, the
worse the prognosis in ATN, no doubt due to a hypercata-
bolic state [2]. The RIFLE criteria, however, has allowed
for a more systematic approach which is useful in epide-
miological and research studies [3]. A limitation to RIFLE
is that in the majority of patients with cirrhosis and infec-
tions, ARF/AKI is already present at the time of hospital
admission [4], this makes it difficult to define ARF/AKI
based on a baseline serum creatinine.

The following approach to predict prognosis in ARF/
AKI patients was named AKIN as proposed by the Acute
Kidney Injury Network (AKIN) [5]. The AKIN approach
used the Risk, Injury and Failure stages of RIFLE and
designated them as Stage I, II and III, respectively, to
refer to the same increases in serum creatinine concen-
tration from baseline. The peak changes in serum

creatinine concentration within 48 h were designated as
AKI classification rather than the 7 days in RIFLE. The
Loss and ESRD of the RIFLE definition were excluded
because they were considered outcomes rather than pre-
dictors. AKIN also designated serum creatinine rises from
baseline of ≥0.3 mg/dL as Stage I. This decision was
based on epidemiological results which indicated that
increases in serum creatinine of ≥0.3 mg/dL in patients
with ARF/AKI are associated with increased mortality
[6]. AKIN criteria stated that adequate volume repletion
had excluded reversible prerenal azotemia before applying
the AKIN criteria. Post-renal azotemia and glomerulone-
phritis were also to be excluded. As with RIFLE, the
AKIN criteria have been shown in epidemiological
studies to be associated with increased mortality in ARF/
AKI [7]. Decreased urine output criteria also have been
proposed in both RIFLE and AKIN to predict survival in
ARF/AKI. However, since ≥50% of ARF/AKI patients
are non-oliguric, i.e. >500 mL/24 h, these criteria are less
helpful than the increase in serum creatinine criteria
[3, 8]. It should also be noted that RIFLE and AKIN were
developed to predict outcome of patients in the intensive
care unit with ARF/AKI.
On this background, the question has arisen whether

the AKIN criteria can be used for renal dysfunction in
patients with cirrhosis. It must first be acknowledged that
with ATN, the primary organ injured is the kidney even
when associated with sepsis or hypotension, whereas with
cirrhosis, the initial organ dysfunction occurs in the liver
with secondary renal dysfunction. Thus, advanced renal
dysfunction in cirrhotic patients is known as hepatorenal
syndrome (HRS). The pathophysiology of cirrhosis
involves portal hypertension leading to splanchnic arterial
vasodilatation. The resultant primary systemic arterial
vasodilatation unloads the arterial stretch receptors in the
carotid sinus and aortic arch. This baroreceptor response
then triggers the compensatory activation of the neurohu-
moral axis with stimulation of the renin–angiotensin–
aldosterone system (RAAS), sympathetic nervous system
(SNS) and arginine vasopressin (AVP) (Figure 1) [9].
Stimulation of the RAAS, SNS and AVP contributes to
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maintenance of blood pressure by increasing systemic
vascular resistance along with the secondary increase in
cardiac output. While this compensatory neurohumoral
activation attenuates any hypotension secondary to arterial
vasodilatation, renal vasoconstriction with sodium and
water retention also occurs. This resultant diminished
renal function is, however, of a functional nature and thus
should not be considered ATN. From an epidemiology
standpoint, renal dysfunction can occur with advanced
liver diseases independent of the etiology [9].

However, the resultant renal vasoconstriction in cirrho-
tic patients does predispose to ATN, if a ‘second hit’
occurs, such as a gastrointestinal hemorrhage, excessive
diarrhea with lactulose, sepsis or toxin exposure (e.g. ami-
noglycosides, non-steroidal anti-inflammatory drugs).
With such a second hit leading to ATN, there is evidence
of tubular dysfunction as assessed by diminished tubular
sodium reabsorption despite a fall in glomerular filtration
rate (GFR) [10]. In contrast to ATN, renal

vasoconstriction in the normal kidney, which leads to de-
creased GFR, is associated with enhanced tubular sodium
reabsorption. Thus, in the absence of diuretics, tubular
sodium reabsorption increases and results in decreased
urinary sodium concentration to <20 mEq/L and fractional
sodium excretion to <1.0. This normal tubular response to
renal vasoconstriction and fall in GFR does not occur
with ATN. With ATN urinary sodium concentration is
increased, fractional sodium excretion exceeds 2.0–3.0
and tubular epithelial cells are present in the urine [10].
The evidence that renal dysfunction in HRS is func-

tional is substantial [9]. Reversal of the renal dysfunction
with HRS occurs with liver transplantation in spite of the
nephrotoxic effects of immunosuppressive drugs, e.g.
calcineurin inhibitors. Renal parenchymal histology in
HRS has been shown to be virtually normal, thus not pro-
viding an explanation for GFRs <30 mL/min/1.73m2 in
HRS. To date, there is no evidence that prolonged renal
vasoconstriction in HRS leads to ATN in the absence of a

Fig. 1. Pathogenesis of circulatory abnormalities and renal failure in cirrhosis. Used with permission of [9].
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secondary ischemic or nephrotoxic insult. Furthermore,
there is now evidence for reversal of HRS by treating the
arterial underfilling, which occurs secondary to splanchic
vasodilatation. This approach to reverse HRS, other than
liver transplantation, involves the combination of terlipres-
sin (V1 AVP agonist) and albumin [11]. In Type I HRS,
this therapeutic approach has reversed renal dysfunction
over 7–10 days in ∼50% of patients.

Although HRS has the characteristics of prerenal azote-
mia, such as occurring with volume depletion, there are
clear differences. The cirrhotic patient with reversible
renal dysfunction due to volume depletion secondary to
excessive diuresis, hemorrhage or diarrhea should be
reversible with volume repletion. The recommended stan-
dard approach is to stop diuretics for 2 days and administer
1 g/kg of albumin up to 100 g [9]. This approach should
reverse renal dysfunction in the volume-depleted cirrhotic
patient, but not in the patient with HRS. The mechanism
of the irreversibility of the renal vasoconstriction in HRS
with volume expansion is not clear. The more prolonged
renal vasoconstriction with HRS may alter the renal vascu-
lature so that reversibility of the vasoconstriction is more
difficult than mediated by volume depletion that has oc-
curred over a shorter duration. Alternatively, the intensity
of the arterial underfilling may be more important in HRS,
which is mainly due to splanchnic arterial vasodilatation
without volume loss, than in renal failure due to hypovole-
mia, which is due to intravascular volume loss.

The prevalence of renal dysfunction in cirrhosis has
been divided into Type I HRS (occurs over 2 weeks and
has high mortality) and Type 2 HRS (occurs over a much
longer period of time and has less mortality) (Table 1).
These definitions have established high-risk situations for
survival in cirrhosis. Optimally, any new definitions
should provide information that potentially enhances the
care of cirrhotic patients, since renal dysfunction in cir-
rhotic patients is already complex. Urinary biomarkers
have the potential for being more sensitive than serum
creatinine in cirrhosis. Fagundes et al. [12] have reported
in abstract form that urinary neutrophil gelatinase-associ-
ated lipocalin, as well as fractional excretion of sodium, is
significantly higher in patients with ATN than HRS. Such
results further support the functional nature of HRS com-
pared to ATN in cirrhotic patients.

The use of RIFLE or AKIN criteria for renal insuffi-
ciency in cirrhosis has several limitations [13]. Since the
functional renal impairment in cirrhosis progresses gradu-
ally from compensated to decompensated with ascites to

HRS, the change in serum creatinine from a stable base-
line may be difficult in cirrhotic patient without ATN. In
the absence of ATN or Type 1 HRS, the functional renal
failure of advanced cirrhosis would not be expected to
change within 48 h (AKIN) or even 7 days (RIFLE).
Cirrhotic patients have a chronic disease with loss of

muscle mass that affects the relationship between serum
creatinine and GFR. Unpublished results demonstrated in
318 cirrhotic patients that a serum creatinine of 1.3 mg/dL
equated to a mean GFR of 48 mL/min/1.73m2, while a
serum creatinine of 2.0 mg/dL equaled to 20 mL/min/
1.73m2. Thus, the relationship between GFR and serum
creatinine in a cachectic patient with advanced cirrhosis
needs to be considered. In this setting, ‘normal’ serum
creatinine (<1.5 mg/dL) may still indicate substantial
renal dysfunction.
In conclusion, much of the renal dysfunction in cirrho-

sis is functional which occurs secondary to renal vasocon-
striction in response to systemic arterial vasodilatation.
Because of this renal vasoconstriction, cirrhotic patients
are predisposed to developing ATN with a ‘second hit’,
such as gastrointestinal hemorrhage, diarrhea or sepsis. In
these critical situations of ATN in cirrhotic patients, pro-
spective studies to assess the value of RIFLE and/or
AKIN would be of interest [13]. Currently, the differential
diagnosis of ATN from HRS involves the higher fractional
excretion of sodium with ATN and sometimes the pres-
ence of tubular epithelial cells on urinalysis. In cirrhotic
patients, both HRS and prerenal azotemia due to volume
depletion exhibit a low fractional excretion of sodium
compared to ATN, but only the latter condition reverses
with albumin administration and cessation of diuretics.
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Impact of oral calcium on mortality of dialysis patients—an
underestimated risk?

Juergen Bommer1,2, Markus Ketteler3 and Eberhard Ritz4

1University Heidelberg, Heidelberg, Germany, 2Dialysis Center Heidelberg, Heidelberg, Germany, 3Division of Nephrology,
Klinikum Coburg GmbH, Coburg, Germany and 4Department of Nephrology, University Heidelberg, Heidelberg, Germany

Correspondence and offprint requests to: Juergen Bommer; E-mail: juergen_bommer@t-online.de

Keywords: calcification; calcium; haemodialysis; phosphate; phosphate
binder

Phosphate is an accepted trigger and promoter of soft
tissue calcification. Today, oral calcium-containing phos-
phate binders are still frequently administered to reduce
hyperphosphataemia in patients with reduced renal func-
tion. There is, however, increasing evidence that a posi-
tive calcium balance and elevated serum calcium
concentrations may aggravate soft tissue calcification.
Some recent controlled [1, 2] trials as well as recent un-
published observational evidence from Dialysis Outcome
and Practice Pattern Study (DOPPS) point to increased
mortality in renal patients treated with calcium-containing
P binders. Unfortunately, each of these studies has some
methodological limitations. Nevertheless, a recent meta-
analysis documented an increased risk of myocardial
infarction and stroke even in patients without kidney
disease when treated with calcium supplements [3].

Chronic kidney disease and calciuria

In the 1950s, several studies had documented that urinary
calcium excretion is strikingly reduced even in early stages
of chronic kidney disease (CKD) at a glomerular filtration
rate of <80 mL/min [4]. This is one major and underesti-
mated factor that contributes to the elevated risk of a posi-
tive calcium balance when CKD patients are exposed to

high calcium loads. These early findings have recently
been confirmed and extended to CKD Stages 4 and 5 in
patients whose calcium excretion was reduced to <50 mg/
24 h [5]. Obviously in anuric patients with end-stage renal
disease, calcium excretion is completely absent; in such
anuric dialysis patients, the calcium load can only be
lowered by using a low dialysate calcium concentration
and/or a high ultrafiltration volume during dialysis.

The need for phosphate binders

Even though in CKD 1–3 serum phosphate concentrations
usually still remain within the normal range, although at
the expense of increased fibroblast growth factor (FGF)
23 and intact parathyroid hormone (iPTH) [6], it has
nevertheless become obvious that even in the presence of
moderately reduced renal function, phosphate plays a
crucial role in the development of soft tissue calcification
[7]. The propensity to calcify soft tissues, specifically vas-
cular tissue, is accelerated by a positive phosphate
balance. Importantly, however, in addition, it is promoted
by additional local and systemic factors including calcifi-
cation inducers and inhibitors, local apoptosis, matrix
degradation etc. [8, 9]. This may explain the observation
that the prevalence of vascular calcification is increased
dramatically even prior to end-stage kidney disease [10].
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