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SUMMARY

Background
The timely diagnosis of acute kidney injury (AKI) in liver cirrhosis is chal-
lenging.

Aim
To evaluate whether quantification of glomerular filtration rate (GFR), proteinuria
and kidney injury biomarkers can accurately predict the development of AKI.

Methods
A prospective cohort analysis of patients with cirrhosis was performed. Mea-
sures of baseline kidney function included serum creatinine, iohexol clearance
and urine protein:creatinine ratio. Blood and urine samples were collected
daily. A retrospective analysis of cystatin C GFR and neutrophil gelatinase-
associated lipocalin (NGAL) measured 48 h prior to the diagnosis of AKI
was undertaken to evaluate their ability to predict the development of AKI.

Results
Eighteen of the 34 cirrhosis patients studied developed AKI. A GFR <60 mL/
min/1.73 m2 was identified in 56% with Iohexol clearance compared to 8%
using the four-variable modified diet in renal disease formula (P < 0.0001).
Prediction of AKI, 48 h prior to the development of AKI with cystatin C
GFR and serum NGAL concentration were similar; area under the receiver
operating curve (AUROC) values 0.74 (0.51–0.97), P = 0.04 and 0.72 (0.52–
0.92), P = 0.02 respectively. The development of AKI was strongly predicted
by urine protein:creatinine ratio above the cut-off of >30 (equivalent to
300 mg/day of proteinuria) sensitivity 82% (57–96) and specificity 80% (52–
96), AUROC 0.86 (0.73–0.98), P � 0.0001. [OR 21 (3–133), P � 0.002].

Conclusions
In patients with liver cirrhosis a urine protein:creatinine ratio >30 predicts AKI.
Iohexol clearance and cystatin C formulae identify a greater proportion of patients
with a GFR <60 mL/min/1.73 m2, which also predicts the development of AKI.
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INTRODUCTION
Acute kidney injury (AKI) is observed in approximately
20% of patients admitted to hospital with decompensated
chronic liver disease and ascites.1 The definition of AKI
has an internationally recognised set of criteria, initially
described as the RIFLE criteria,2 and subsequently
defined by the revised Acute Kidney Injury Network
(AKIN) classification and more recently by the Kidney
Disease Improving Global Outcomes criteria (Fig-
ure 1).3, 4 Small changes in baseline serum creatinine
concentration or urine output form the cornerstone of
these classifications with clear clinical consequence of
increased morbidity and mortality.

The development and implementation of AKI criteria
into clinical practice led to a re-evaluation of how kidney
injury should be diagnosed in patients with liver disease.
In 2010, a collaboration between the Acute Dialysis Qual-
ity Initiative and the International Ascites Club, resulted
in proposals for a new term of ‘Hepatorenal dysfunction’,
with type II hepatorenal syndrome (HRS) falling within
the heading of chronic kidney disease (CKD) whilst type
I HRS was recognised as a specific diagnosis within the
AKI spectrum.1 The quantification of kidney injury in
patients with cirrhosis is complicated by differences in
analytical methods used to measure serum creatinine and
patient factors that change over time influencing mea-
sured serum creatinine, such as muscle mass and creatine
production, both affected by progressive or advanced
liver disease. AKI can therefore develop or be established
before changes in creatinine concentration are recognised
because serum creatinine remains within the current
‘normal reference range’. For these patients, significant
AKI may be seen before the progression to HRS criteria
(serum creatinine >133 lmol/L), with the mortality bur-
den associated with AKI.5

Earlier identification of at-risk patients and those who
have not yet achieved criteria for HRS, may allow inter-
ventions to prevent or treat AKI.

Other methods utilised to assess renal function
include the estimated glomerular filtration rate (eGFR),
applying either the four- or six-variable modified diet in
renal disease (MDRD) equation incorporating nonrenal
variables to improve accuracy. In patients with cirrhosis,
examined pre-transplantation, neither equation performs
well in estimating renal function compared with gold
standard measures of glomerular filtration rate (GFR)
utilising I125-iothalamate clearance.6 Cirrhosis with estab-
lished CKD, i.e. GFR <60 mL/min/1.73 m2, can go
unrecognised in daily clinical practice if estimates of
GFR are relied upon.1

Assessment of glomerular and/or tubular structure is
routinely undertaken in cohorts of renal and diabetic
patients with the quantification of proteinuria utilising
spot urine protein:creatinine ratio. This has been shown
to reflect glomerular (podocyte) structural and/or func-
tional damage, it has important prognostic significance,
being strongly linked with progressive decline in kidney
function.7 It has not been examined in cirrhosis.

A proliferation of studies have been undertaken to
evaluate various AKI biomarkers in providing earlier
diagnosis of AKI. Most of these studies measured bio-
markers after a specific insult (cardiopulmonary bypass8

or liver transplantation9, 10) with relatively few undertak-
ing prospective evaluation in the 48 h prior to onset of
AKI.11 Two recent studies examined urinary neutrophil
gelatinase-associated lipocalin (NGAL) levels in patients
with cirrhosis with and without ascites and AKI or HRS
and evaluated its role as a predictor of mortality.12, 13

Urinary NGAL concentrations were significantly higher
in those with impaired kidney function, urinary tract
infections, CKD and HRS. In those with HRS, urine
NGAL concentrations were higher in those with sepsis.
Urine NGAL >110 ng/mL predicted mortality (OR >6),
adjusting for age and serum creatinine >133 lmol/L.13.

Neutrophil gelatinase-associated lipocalin, in both urine
and serum, is the most studied biomarker, but others,

Stage 1 Stage 1

Urine output criteriaSerum creatinine criteria

<0.5 mL/kg/h for >6 h

<0.5 mL/kg/h for >12 h

<0.3 mL/kg/h for 24 h or anuria for 12 h

Stage 2 Stage 2

Stage 3 Stage 3

Increase in serum creatinine 
of >26.4 µmol/L within 48 h or 
an  increase of 150% to 200% 

from baseline

Increase in serum creatinine to 200%
to 299% (>2 to 3-fold) from baseline

Increase in serum creatinine to 300% 
(>3-fold) from baseline or serum creatinine 
of 354 µmol/L with an acute increase of 44 

µmol/L or initiation of renal replacement 
therapy

Figure 1 | Acute kidney injury
network (AKIN) criteria for
the definition and
classification of AKI.
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cystatin C, gamma-glutamyl transpeptidase, interleukin-
18 and kidney injury molecule-1 (KIM-1) have also been
evaluated and some investigators propose a panel of bio-
markers to achieve greater accuracy in earlier diagnosis of
AKI.14

The aims of this study were threefold to: (i) measure
baseline kidney function in a cohort of patients admitted
with cirrhosis with a serum creatinine below the upper
limit of the normal reference range in the local biochem-
istry laboratory (<120 lmol/L) and compare with a gold
standard measure of GFR; (ii) assess the degree of pro-
teinuria using urine protein:creatinine ratio and (iii)
evaluate iohexol GFR and urine protein:creatinine ratio
on enrolment, biomarker concentrations measured at
both enrolment and 48 h before AKI (changes in serum
creatinine or urine output according to AKIN criteria;
Figure 1) in predicting the development of AKI.3

PATIENTS AND METHODS
Between January 2010 and January 2012, we recruited
consecutive patients with cirrhosis, admitted either with
complications of cirrhosis or for evaluation of suitability
for liver transplantation. Entry criteria were the presence
of cirrhosis diagnosed on liver biopsy or through clinical,
radiographic and biochemistry investigations and a serum
creatinine at or below the upper limit of normal, i.e.
<120 lmol/L plus one or more of the following; coagul-
opathy (international normalised ratio >1.5), serum bili-
rubin > 150 lmol/L or diuretic resistant ascites. Patients
with the following criteria, anuria (for 12 h), need for
renal replacement therapy (RRT), documented estab-
lished parenchymal kidney disease or obstructive uropa-
thy based on ultrasound examination were excluded.

Baseline variables were collected, age, gender, morning
urine protein:creatinine ratio, expressed as a ratio of
urine protein concentration (mg) to urine creatinine
concentration (mmol) with a normal ratio <15 (mg/
mmol), serum creatinine concentration and eGFR, using
the four-variable MDRD equation (=186 9 serum creati-
nine�1.154 9 age�0.203 9 (1.212 if black) 9 (0.742 if
female). Baseline serum creatinine concentration was
defined as the enrolment serum creatinine as this was
available for all patients. Where available we collected
pre-enrolment serum creatinine concentrations.

Iohexol clearance determined GFR was calculated by
performing a 4-h clearance study. In brief, a bolus of 5 mL
of iohexol, concentration 755 mg/mL, was administered at
time 0 min with venous sampling at 2, 3 and 4 h. GFR
was calculated from the dose divided by the area under the
curve.15 A high performance liquid chromatography

technique, validated in accordance with Food and Drug
Administration guidance, was used to determine serum
iohexol concentrations.16 An iohexol GFR cut-off of
<60 mL/min/1.73 m2 was used to identify patient with a
significantly low GFR. A direct comparison study of this
iohexol method was performed against an in-hospital gold
standard chromium-51-labelled ethylenediamine tetraace-
tic acid (51Cr-EDTA) in 12 patients with cirrhosis to
ensure accuracy and correlation.

Baseline liver-specific variables included aetiology of
chronic liver disease, Model for End-Stage Liver Disease
(MELD) score17 and Child-Pugh (CP) score.18 Sequential
Organ Failure Assessment (SOFA) score was utilised to
assess baseline organ function.19 To apply the cardiovas-
cular and respiratory SOFA score to ward-based patients,
several broad assumptions were necessary. We consid-
ered 0.5 and 1 mg of terlipression administered six
hourly to be equivalent to a cardiovascular score 3 and 4
respectively. Patients self-ventilating on room air were
assumed to have a ventilation score 0. Scores above 0
required arterial blood gas analysis to be available along-
side percentage-inspired oxygen.

Daily collection of serum, plasma and urine samples
was undertaken to provide aliquots for routine biochem-
istry analysis; additional aliquots were immediately
stored at �80° for subsequent analysis. Physiological
variables recorded included heart rate, blood pressure,
calculated mean arterial blood pressure and vasopressor
use, inclusive of terlipressin use.

Each patient was prospectively followed on a daily basis
until the development of AKI according to AKIN criteria
(Figure 1).3 All data were collected until onset of AKI, dis-
charge from hospital or death over variable time course.

Two AKI biomarkers, serum and urine NGAL and
serum cystatin C were evaluated. Serum creatinine and
cystatin C concentrations were measured in the main
biochemistry laboratory using the modified kinetic Jaff�e
reaction, which can measure serum creatinine in jaun-
diced samples20 and a latex-enhanced immunoturbidi-
metric assay21 respectively. The cystatin C-based
equation of Hoek et al.22 allowed the calculation of cyst-
atin C GFR from the cystatin C concentrations measured
before AKI. NGAL was assayed using a commercially
available NGAL Rapid ELISA 037 kit (Bioporto Diagnos-
tics, Gentofte, Denmark).

Statistical analysis
Continuous data were assessed for normality using the
D’Agostino-Pearson test. Measures of central tendency
were compared by Student t-test (ANOVA) or Mann–
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Whitney U-test (Kruskal–Wallis) for independent nor-
mally or non-normally distributed data. AKI biomarker
concentrations collected 48 h prior to the development of
AKI were compared with those collected on day 2 of
three consecutive daily concentrations in the control
group that did not develop AKI. Agreement between en-
rolment iohexol GFR and eGFR using cystatin C concen-
trations (Hoek formula) and serum creatinine concentrations
(four-variable MDRD formula) measured at 48 h before
AKI were compared using Bland–Altman plots.

The relationship between urine protein:creatinine ratio
and urine biomarker concentrations was determined. In
view of the nonparametric nature of our data, a log
transformation was performed before the correlation
coefficient using Pearson or Spearman test with scatter
diagrams could be performed.

Categorical data were compared using the chi-squared
test. The ability of a biomarker to predict an outcome
was assessed using the area under the curve generated by
receiver operator characteristic (AUROC) analysis. Data
were analysed using MedCalc version 10 (MedCalc Soft-
ware, Mariakerke, Belgium).

Ethics approval
The Coventry Research and Ethics Committee and the
King’s College Hospital Research and Development
Department approved the study (REC number 09/
H1210/72). Patients gave their written informed consent
prior to enrolment.

RESULTS

Patient baseline characteristics and clinical outcomes
Thirty-four patients with cirrhosis were enrolled and
studied. Baseline characteristics are shown in Table 1.
The aetiology of cirrhosis was alcohol (37%), immune-
mediated (autoimmune hepatitis, primary biliary cirrho-
sis and primary sclerosing cholangitis) (23%), viral hepa-
titis (17%), cryptogenic cirrhosis (11%) and
miscellaneous causes (12%). All patients had Child-Pugh
B or C liver disease, 65% (22 of 34) had grade 2 to 3
ascites.24 Of the 34 patients enrolled, 18 (53%) developed
AKI based on serum creatinine (n = 16) or urine volume
criteria (n = 2). Ninety-four per cent of the patients (17/
18) had stage 1 AKI and one patient (1/18) had stage 3
AKI at the time of sample analysis.

A similar time course was observed for both specimen
collection days between groups (Table 1). The mean
lead-time from enrolment to the development of AKI
was 4.5 � 2 days. Baseline serum creatinine concentra-

tion, measured on the day of enrolment, correlated well
with serum creatinine concentration measured pre-enrol-
ment, r = 0.72, P = 0.002. There was a median (IQR,
interquartile range) of 14 days (6–48) between pre-enrol-
ment and enrolment data points. Median pre-enrolment
serum creatinine concentration was 86 lmol/L (74–102)

Table 1 | Baseline characteristics of the 34 chronic
liver disease patient

No-AKI
n = 16

AKI
n = 18 P value

Baseline variables
Age (years) 48 � 12 53 � 14 0.27
Gender (M:F) 8:12 8:6 0.5
Ascites* 9:7 13:5 0.54
MAP (mm Hg) 82 (10) 79 (14) 0.51
HR (beats/min) 90 (13) 96 (13) 0.2
MELD 18 (13–22) 22 (15–26) 0.28
CP score 11 (9–11) 10 (9–11) 0.86
SOFA score 4 (2) 10 (3) 0.003
Serum creatinine
(lmol/L)

68 � 22 78 � 20 0.18

eGFR (mL/min/
1.73 m2)

96 (81–134) 66 (55–96) 0.01

Iohexol GFR (mL/
min/1.73 m2)†

74 � 28 52 � 22 0.02

Cystatin C GFR 73 � 17 60 � 22 0.09
Urine protein:
creatinine
(mg/mmol)

17 (13–29) 55 (36–189) 0.0005

Sodium (mmol/L) 135 � 6 136 � 7 0.6
Bilirubin (lmol/L) 94 (51–213) 106 (40–393) 0.65
INR 2.1 (1.5–2.7) 2.0 (1.8–2.5) 0.96
Platelets (9109/L) 112 (78–166) 96 (73–137) 0.27
Albumin (g/L) 31 � 5 27 � 7 0.56
CRP (mg/L) 11.5 (6–32) 54 (9–144) 0.07
Outcome
RRT 0:16 12:6 0.0002
ICU admission 6:12 12:4 <0.05
Alive:Dead 15:1 6:12 0.001
Liver transplantation 9:7 16:2 0.08

AKI, acute kidney injury; CP, Child-Pugh; CRP, C-reactive pro-
tein; eGFR, estimated glomerular filtration rate; HR, heart rate;
INR, international normalised ratio; MAP, mean arterial pres-
sure; MELD, Model for End-Stage Liver Disease; RRT, renal
replacement therapy; SOFA, Sequential Organ Failure Assess-
ment.

Independent t-test for parametric data with standard deviation
in parenthesis and Mann–Whitney U-test for nonparametric
data with interquartile range in parenthesis.

Chi-square for categorical data.

* Grade 2 to 3 ascites defined according to International Asci-
tes Club.24

† Twenty-seven iohexol clearance-derived GFR measurements,
four patients declined the test.
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vs. baseline (enrolment) creatinine 74 lmol/L (56–86),
P = 0.3 (Wilcoxon-paired test).

Eleven of the 18 patients with AKI fulfilled HRS crite-
ria1 based on changes in serum creatinine concentration,
occurring at a median of 2 (0–2) days after the develop-
ment of AKI. Of the eleven, six patients developed creat-
inine-based criteria for HRS, but had proteinuria
>500 mg/day assessed by spot urine protein:creatinine
ratio >50. AKI insults were multi-factorial involving pre-
renal insults (9/18), large volume paracentesis (1/18),
systemic inflammatory response syndrome with or with-
out detectable bacteraemia (but treated with empirical
antibiotic therapy) (8/18). No episodes of postrenal
injury were identified.

Sixteen of the 18 patients who developed AKI were
admitted to the intensive care unit. Enrolment SOFA
scores were significantly higher in those patients who
subsequently developed AKI compared with those who
did not (Table 1). Although no differences were seen
comparing both MELD and CP scores.

Acute kidney injury resolved with medical interven-
tion in four patients suggestive of reversible prerenal
aetiology. Twelve patients developed AKI, due to either
acute tubular necrosis (7/12) or HRS type 1 (5/12) that
required the initiation of RRT. Of these 12 patients that
received RRT two recovered kidney function, three
underwent liver transplantation with recovery of renal
function and seven died of multi-organ dysfunction. The
hospital mortality of patients with AKI was 67% com-
pared to 6% among patients without AKI. The leading
cause of death was multiple-organ failure.

Baseline serum creatinine and eGFR performed poorly
in predicting the development of AKI, with AUROC val-
ues of 0.66 (0.46–0.85) with a cut-off of >63 lmol/L
(P = 0.12), and 0.63 (0.44–0.82) with a cut-off of
<92 mL/min/1.73 m2 (P = 0.19), respectively. Serum cre-
atinine concentration and eGFR displayed improved per-
formance at 48 h prior to the development of AKI with
AUROC values of 0.65 (0.46–0.85) with a cut-off of
67 lmol/L and 0.67 (0.48–0.86) with a cut-off of 77 mL/
min/1.73 m2, P = 0.12 and 0.08 respectively.

Baseline iohexol GFR assessment was undertaken in
27 patients entered into the study, seven patients
declined. This method showed good accuracy compared
with the in-hospital gold standard 51Cr-EDTA with a
mean difference �1.3 (�18 to +16) mL/min/1.73 m2

using Bland–Altman plot analysis. Of these 27 patients
undergoing iohexol GFR assessment, 56% had an iohexol
GFR <60 mL/min/1.73 m2 despite all having a serum
creatinine <120 lmol/L.

Estimated GFR was also calculated with both cystatin
C GFR (Hoek) formula and four-variable MDRD for-
mula, incorporating cystatin C and serum creatinine
concentrations measured 48 h prior to the development
of AKI. A GFR <60 mL/min/1.73 m2 was identified in
(11/29) 38% of patients when using cystatin C-based for-
mula compared to (4/34) 12% with the MDRD formula
measured at 48 h prior to the development of AKI.

Bland–Altman analysis of both cystatin C and MDRD
formula, used to estimate GFR at 48 h prior to the
development of AKI, indicated that the cystatin C-based
formula was most accurate with a mean difference (bias)
of �2 (�40 to +35) mL/min/1.73 m2 compared to ioh-
exol GFR. The four-variable MDRD equation was nei-
ther accurate nor precise, displaying a mean difference
(bias) of �34 (�92 to +24) mL/min/1.73 m2.

Baseline (enrolment) iohexol GFR and cystatin C GFR
(measured 48 h prior to AKI according to AKIN crite-
ria) displayed similar ability to predict AKI as judged by
AUROC values of 0.73 (0.54–0.93), (cut-off <55 mL/
min/1.73 m2) P = 0.02 and 0.71 (0.5–0.92), (cut-off
<58 mL/min/1.73 m2), P = 0.05 respectively.

Ninety-one per cent of patients (29/32) had baseline
proteinuria as defined by an enrolment urine protein:
creatinine ratio greater than normal (>15). It was signifi-
cantly higher in those who developed AKI [AKI median
urine protein:creatinine ratio 55 (36–189) vs. No-AKI 17
(13–29), P = 0.0005].

Six of thirty-two patients (19%) with alcohol-related
or immune-mediated liver disease had a urine protein:
creatinine ratio >100, the equivalent of greater than 1 g/
day. Two of the six displayed nephrotic range protein-
uria (urine protein:creatinine ratio >300) and four had a
urine protein:creatinine ratio of between 100 and 200.
Statistical significance between the AKI and No-AKI
groups was maintained after the omission of patients
with both proteinuria, equivalent to greater than 1 g/day
and nephrotic range proteinuria P � 0.0015 and 0.016.

Proteinuria of greater than 500 mg/day, the equivalent
of a protein:creatinine ratio of >50, represents the cut-off
for exclusion of HRS, based on current International
Ascites Club criteria. The omission of patients with pro-
teinuria above this cut-off resulted in a non-significant
difference in median protein:creatinine ratio (IQR) 16.5
(13–26) vs. 35 (16–40) between the two groups AKI or
no-AKI (n = 21, P = 0.1).

Baseline (enrolment) urine protein:creatinine ratio was
strongly predictive of the development of AKI, above a
cut-off of 30 (equivalent to 300 mg/day of proteinuria)
sensitivity 82% and specificity 80% [OR 21 (3–133),
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P � 0.002], AUROC 0.86 (0.73–0.98), P � 0.0001. Sev-
enteen patients (53%) had protein:creatinine ratio >30,
of whom 53%, developed AKI compared to only 12%
(four patients) who did not develop AKI (Figure 2). The
omission of all patients with a protein:creatinine ratio of
either >100 or 50 did not affect the cut-off of 30 or sig-
nificance for predicting AKI, P = 0.002 and 0.05.

A comparative AUROC analysis of baseline measures,
including urine protein:creatinine ratio, iohexol GFR,
serum creatinine concentration and eGFR at predicting
AKI demonstrated urine protein:creatinine ratio to be
superior to baseline serum creatinine concentration or
eGFR (P = 0.07 and 0.035, respectively, Figure 3). Ioh-
exol GFR did not outperform urine protein:creatinine
ratio (P = 0.1).

Median sequential biomarker data
Median biomarker concentrations were compared
between patients with and without AKI (Table 2). This
analysis of cystatin C and NGAL values was performed
on samples collected in the days taken up to, but not
including the day of AKI.

Median cystatin C and normalised urine NGAL con-
centrations prior to AKI insult were significantly differ-
ent between groups (P = 0.04 and 0.028 respectively).
Serum NGAL and C-reactive protein (CRP) were higher
in the AKI group, but this did not reach statistical signif-
icance (P = 0.09 and 0.07 respectively). A significant cor-
relation between CRP measured before the development
of AKI and serum NGAL was identified, P = 0.002. No
correlation between SOFA scores and serum NGAL was
evident, P = 0.4.

Predicting AKI with serum NGAL concentrations
measured at 48 h prior to AKI displayed fair discrimina-
tive performance with AUROC values of 0.72 [0.52–0.92,
P = 0.02 (cut-off 241 ng/mL)]. This was superior to
either serum creatinine or eGFR.

A positive correlation between urine NGAL and urine
protein:creatinine ratio was identified. In view of the
nonparametric nature of our data, a log transformation
was performed for urine NGAL and urine protein:creati-
nine ratio [r = 0.496 (95% CI 0.164–0.727), P = 0.005,
Figure 4].

DISCUSSION
This study prospectively examined a cohort of patients
with cirrhosis who at presentation were thought to have
normal kidney function (as defined by a serum creati-
nine below the upper limit of the normal reference range
<120 lmol/L) yet considered at high risk of developing
AKI.
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Figure 2 | Interactive dot-line diagram: comparison of all
protein:creatinine ratio measurements in liver cirrhosis
patients with and without acute kidney injury (AKI).
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Figure 3 | Comparative area under the receiver
operating curve (AUROC) of baseline protein:creatinine
ratio, serum creatinine and estimated glomerular
filtration rate (eGFR) to predict development of acute
kidney injury (AKI). An AUROC comparison graph for
32 patients with baseline urine protein:creatinine ratio,
serum creatinine concentration and eGFR. Urine
protein:creatinine ratio displays good discriminative
performance for future AKI insults. When compared
directly with baseline serum creatinine and eGFR, there
is a statistically significant difference compared to
eGFR, P = 0.035 and trend towards significance
compared to baseline serum creatinine, P = 0.07.
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This study demonstrates that proteinuria is common
in patients with cirrhosis (91%) and that the quantifica-
tion of proteinuria is important. A urine protein:creati-
nine ratio >30 is both a sensitive and specific marker for
predicting hospital AKI and mortality.

An GFR <55 mL/min/1.73 m2, measured using a gold
standard validated method, iohexol clearance, identifies
patients at-risk of AKI. Cystatin C-based formulae for
estimating GFR were more accurate and precise com-
pared with the four-variable creatinine-based MDRD for-
mula and identified a greater proportion of patients with
a low GFR <60 mL/min/1.73 m2. Cystatin C formulae
may offer a simpler alternative to gold standard clear-
ance methods for determining GFR in cirrhosis and

appear to predict development of AKI when determined
at 48 h prior to the insult. Serum cystatin C concentra-
tion measured daily may additionally identify patients
at-risk of AKI.

The evaluation of proteinuria using the urine protein:
creatinine ratio is simple, easily applicable and appears
to be a potentially useful test in assessing risk of AKI in
patients with cirrhosis. Urine protein:creatinine ratio
out-performed other biomarkers and was highly predic-
tive when >30 for the development of AKI. This em-
phasises the importance of identifying cirrhotic patients
with a small degree of proteinuria.

In health, protein is prevented from entering tubular
fluid by a complex glomerular barrier, which is usually
highly effective.27 Glomerular disease results in defects
in this barrier leading to substantial increases in urinary
protein, which has been shown to contribute to tubular
cell apoptosis. This has been linked to the up-regulation
of kidney tubular biomarkers, like NGAL and KIM-1.28

In liver disease declining kidney function has been asso-
ciated with increased biomarker concentrations.29 In
type 1 diabetics, a correlation between low micro-
albuminuria and lower KIM-1 concentrations has been
reported.30

The observed high incidence of mild proteinuria in
patients with cirrhosis developing AKI requires further
investigation. It may represent unrecognised glomerular
disease, which is not uncommon in patients with cirrho-
sis. Hepatic IgA nephropathy is recognised with alcohol-
related liver disease and hepatitis C is associated with
glomerulonephritis.31 Such glomerular diseases are often
clinically silent and may explain the observation that the

Table 2 | A comparison of serum and urine AKI
biomarkers, isolated 48 h and median concentrations,
before the development of AKI

Biomarker No-AKI AKI P value

Baseline serum
creatinine
(lmol/L)

66 (55–78)
n = 16

78 (65–88)
n = 18

0.12

(48 h) Serum
creatinine
(lmol/L)

66 (50–86)
n = 16

79 (71–96)
n = 18

0.13

Baseline eGFR
(mL/min/1.73m2)

105 (83–115)
n = 16

89 (66–109)
n = 18

0.2

(48 h) eGFR 100 (83–133) 77 (67–107) 0.09
Median cystatin
C (mg/L)

1.08 (0.28)
n = 15

1.38 (0.44)
n = 15

0.04

(48 h) Cystatin
C (mg/L)

1.04 (0.85–
1.18)
n = 15

1.28 (1.0–1.8)
n = 15

0.09

Median serum
NGAL (ng/mL)

154 (116–228)
n = 15

235 (171–510)
n = 18

0.09

(48 h) Serum
NGAL (ng/mL)

143 (94–236) 271 (166–551) 0.05

Median CRP
(mg/L)

11 (6–32)
n = 17

54 (9–144)
n = 16

0.07

Median urine
NGAL (ng/mL)

60 (39–100)
n = 16

87 (44–144)
n = 15

0.17

(48 h) Urine
NGAL (ng/mL)

65 (32–114) 79 (57–171) 0.17

Median normalised
urine NGAL
(ng/mg urine
creatinine)

78 (48–142)
n = 10

154 (109–
257)
n = 7

0.028

AKI, acute kidney injury; CRP, C-reactive protein; eGFR, glo-
merular filtration rate; NGAL, neutrophil gelatinase-associated
lipocalin.

Medians expressed with interquartile range (25:75) or mean
expressed with standard deviation.

(48 h) – measured 48 h prior to the development of AKI.
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Figure 4 | Correlation between the protein:creatinine
ratio and urine neutrophil gelatinase-associated
lipocalin concentrations.
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no-AKI group had a median protein:creatinine ratio
greater than 15. Equally it may represent a marker of
early decline in renal function as seen in diabetic
patients. The finding of low level proteinuria even in
those who did not develop AKI on that admission may
suggest a need for regular screening and quantification
for proteinuria in both out-patient and in-patient popu-
lations.

Serum NGAL performed in line with a previously
published meta-analysis where cut-off and AUROC val-
ues, 25–550 ng/mL and AUROC 0.71–0.93 were
reported.32 We also demonstrated a correlation between
serum NGAL and CRP, but not SOFA scores in the AKI
group. The exact reasons are not clear. However, it is
possible that the association with CRP is due to underly-
ing inflammation and/or sepsis which may have occurred
before the onset of organ dysfunction.33 It may also sug-
gest that inflammation has a greater influence on both
serum and urine NGAL biomarker levels than organ
dysfunction. High serum NGAL concentration will
directly affect urine NGAL concentrations as it is freely
filtered at the glomerulus. A ratio of urine to serum
NGAL concentrations has been suggested as a method to
correct for this effect.

There are important clinical implications attached to
the methods chosen to accurately evaluate baseline kid-
ney function. This will affect both the screening and
management of patients with cirrhosis, in the out-patient
setting, at admission with acute decompensation or at
assessment for transplantation. It may also influence
decisions regarding the institution of specific treatment
for impaired renal function, immunosuppression regi-
mens and prospects of combined liver and kidney trans-
plantation. The observation that GFR, renal blood flow
and urinary sodium clearance increases with terlipressin
given to patients with a normal creatinine and ascites
that was not diuretic resistant highlights its role as a
potential therapeutic agent prior to the onset of recogni-
sed HRS.34 Earlier identification of patients at-risk, i.e.
with low GFRs and mild degrees of proteinuria may
allow timely decisions regarding withdrawal of diuretic
therapy, volume challenge with an appropriate fluid and
terlipressin administration to prevent AKI or to reduce
its magnitude.

All of our patients received gelatine-based fluid
and albumin for volume resuscitation; none received
starch-based solutions. The choice of fluid in resuscita-

tion has recently been highlighted as an important factor
given the adverse effects on kidney function and
increased requirement for RRT associated with hydroxy-
ethyl starch-based fluid.35

The major weakness of this study is the low number
of patients followed sequentially, and incomplete data
points. The use of AKIN criteria for the diagnosis of
AKI has only recently been proposed for the use in
patients with cirrhosis.1 Single daily collections of blood
and urine may not be frequent enough given biomarkers
like NGAL are up regulated within hours of AKI. Finally,
single measurement of urine protein:creatinine ratio at
enrolment did not enable us to establish either the per-
sistence of proteinuria or its pre-existing level. Urine
protein:creatinine ratio should be considered to be
included as part of a routine screening tool, in patients
with cirrhosis, to risk stratify those patients who are at
increased risk of AKI.

In conclusion, urine protein:creatinine ratio appears
to be a sensitive, specific and an easily applicable mar-
ker of risk for the development of AKI in liver cirrho-
sis. A protein:creatinine ratio >30 is a significant risk
factor for AKI. Similarly, an iohexol GFR or cystatin
C-based GFR <60 mL/min/1.73 m2 is associated with
an increased risk of AKI. Our results show that eGFR
formulae using cystatin C are more accurate than those
that incorporate creatinine concentration and may offer
a simpler alternative to gold standard GFR clearance
studies.
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