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Abstract
In the clinical context of the patients with liver cirrho-
sis, accurate evaluation of the renal function is poten-
tially crucial. Indeed, it can lead to early diagnosis of 
both acute kidney injury and chronic kidney disease 
and to reliable characterization of the renal status of 
the patient before performing a liver transplantation. 
Despite some limitations, the assay of serum creati-
nine (SCr) is universally used to estimate glomerular 
filtration rate (GFR) because of its wide availability, its 
simplicity and because it is inexpensive. Nevertheless, 
several reports show that the value of this assay to es-
timate GFR is strongly challenged in cirrhotic patients, 
especially in patients with liver failure and/or severely 
impaired renal function. This has led to seek new alter-
natives to estimate more reliably the GFR in these pa-
tients. Although the reference methods, based on the 
utilization of exogenous markers, allow measuring GFR 
and thereby constitute the “gold standard” to evaluate 
renal function, they are not feasible in routine clinical 
practice. Several studies have shown that a cystatin 
C (CysC) based formula perform better than the SCr-

based estimates in cirrhotic patients and the estimation 
of GFR by these formulas could therefore lead to opti-
mize the management of the patients. A new estimate 
based on CysC has been recently developed using a 
large number of patients and the first results regarding 
the evaluation of its performance are promising, mak-
ing this new formula the best candidate for a reference 
estimate of the renal function in cirrhotic patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Cirrhotic patient management frequently re-
quires evaluation of renal function. However, these pa-
tients present some specific disturbances that affect the 
serum creatinine value, making its use to estimate glo-
merular filtration rate unsuitable. To get a more appro-
priate evaluation of the glomerular filtration rate, other 
methods are available such as the use of exogenous 
markers or assaying cystatin C in the blood, which avoid 
the drawbacks of the serum creatinine. Recently, a con-
venient new cystatin C based formula was tested and 
showed correct performance in cirrhotic patients, even 
in case of liver failure and/or severely decrease renal 
function.
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INTRODUCTION
Liver cirrhosis (LC) is a frequent disease with various 
causes and a severe prognosis. Thus, after a first episode 
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of  decompensation, the 5-year mortality in the absence 
of  liver transplantation (LT) is as high as 85%[1]. Renal 
impairment, whether acute or chronic, is a highly preva-
lent comorbid condition in cirrhotic patients, which is 
associated with a poor prognosis[2]. In this clinical con-
text, acute kidney injury (AKI)[3] is frequent and often of  
functional origin (around 70%). However, AKI of  other 
origin are not rare, mainly secondary to hepato-renal 
syndrome (HRS), drug nephrotoxicity or severe sepsis[4]. 
Chronic Kidney Disease (CKD) is not infrequent as 
well and can be of  various origins (glomerulonephritis, 
diabetic nephropathy or hypertensive nephrosclerosis). 
Although several studies assessed the frequency of  renal 
impairment in patients with cirrhosis, it is not always 
clear whether it was acute or chronic kidney disease. 
About the prevalence of  CKD, several studies suggest a 
prevalence of  CKD stage 3 or higher (i.e., estimated Glo-
merular Filtration Rate (eGFR) < 60 mL/min per 1.73 
m2) between 20% and 40%. In a study including more 
than 1400 cirrhotic patients who underwent an evaluation 
of  renal function by a reference method in pre LT clini-
cal assessment, 11.3% had a GFR below 40 mL/min[5]. In 
our cohort of  alcoholic cirrhotic patients, about 40% had 
a measured GFR below 60 mL/min per 1.73 m2[6]. Fi-
nally, in the study by Ojo et al[7] a prevalence of  26.8 % of  
stage 3-5 CKD was found in patients who subsequently 
received a liver transplant between 1990 and 2000 in the 
United States [however, in this study, analysis was based 
on the eGFR instead of  measured GFR (mGFR)]. Nev-
ertheless, it is likely that some of  these studies provide an 
underestimated prevalence of  CKD in cirrhotic patients 
because they included only candidates for LT, whereas 
the CKD prevalence may be higher in patients contra-
indicated for receiving a LT. Moreover, it is not always 
known whether the renal impairment might have been (at 
least partly) acute in these studies. About the frequency 
of  AKI in cirrhotic patients, some authors found that it 
could occur in 50% to more than 90% of  patients in the 
perioperative period of  LT and in 20% of  hospitalized 
patients with LC[4]. 

The detrimental clinical impact of  the existence of  
either CKD and/or AKI on the outcomes of  cirrhotic 
patients has been highlighted by several studies. About 
the impact on mortality, a recent systematic review sum-
marized results from 74 studies that assessed the effect 
of  renal failure on early mortality in cirrhotic patients 
and found an increased risk of  death with a pooled 
odds ratio of  7.6. Whether the renal failure was acute or 
chronic in some studies included in the systematic review 
was not clear but an increased risk of  death was found in 
studies in which renal failure was defined as an acute re-
nal failure and in those which renal failure was not clearly 
defined as chronic or acute (pooled odds ratio of  6.38 
and 7.39 respectively). Although analysis in this study 
found significant heterogeneity (consequence of  the het-
erogeneous definition of  the renal failure used in some 
studies) the majority of  the studies found an increased 
odds ratio, which strongly suggests a negative impact of  
impaired renal function, either acute or chronic, on the 

survival of  cirrhotic patients[8]. In case of  subsequent LT, 
the presence of  prior CKD or the occurrence of  AKI 
has also a negative impact on both survival and “renal” 
prognosis of  the patients. Indeed, it is known that the 
occurrence of  perioperative AKI or the existence of  
preLT CKD decreases the survival of  liver transplant 
recipient[4]. Furthermore, pre-transplant CKD promotes 
the development of  post-transplant CKD and/or is as-
sociated with increased risk of  End-Stage Renal Disease 
(ESRD) requiring renal replacement therapy (RRT) 
during follow-up[4,7]. In summary, the cirrhotic patients 
may face clinical situations with increased risk of  acute 
and/or chronic renal disease and the occurrence of  renal 
disease is known to have strong prognostic implication. 
Therefore, it appears that accurate evaluation of  renal 
function is important firstly to optimize the management 
of  these patients and secondly to properly determine pa-
tients prognosis in order to prioritize access to LT. Taken 
together, the previously cited data suggest that the level 
of  renal function is a parameter of  crucial importance 
that should be determined (sometimes iteratively) in the 
clinical evaluation of  cirrhotic patients in order to opti-
mize their management.

DIAGNOSIS OF AKI
According to the recent Kidney Disease Improving 
Global Outcomes (KDIGO) guidelines about AKI, the 
diagnosis of  AKI should be based on Serum Creatinine 
(SCr) increase and urine output, whereas RIFLE criteria, 
which were former reference in the field and are still 
largely used, were additionally based on GFR decrease. 
Although SCr is the historical marker, cheap and widely 
available, it is just a marker of  renal function and thus in-
creases tardily after the beginning of  injury[4]. New mark-
er such as Neutrophil Gelatinase Associated Lipocalin 
(NGAL) is able to detect renal parenchymal damage be-
fore SCr increase and thus allows, theoretically, to initiate 
early treatment that might mitigate the severity of  AKI. 
It is a crucial point to optimize management of  cirrhotic 
patients with AKI because some authors found that the 
mortality is related to the severity of  renal failure[8,9]. So 
far, some studies suggested an interest of  using NGAL 
assay in cirrhotic patients in the diagnosis of  renal dys-
function, In the study by Verna et al[10] the authors found 
the ability of  elevated NGAL level to predict indepen-
dently short-term mortality in cirrhotic patients. More-
over, Fagundes et al[11] showed that NGAL increase was 
useful to differentiate AKI due to acute tubular necrosis 
from CKD and HRS as well as to differentiate HRS from 
CKD. However, to our knowledge, no studies clearly 
showed a positive clinical impact of  the NGAL use in 
the management of  the cirrhotic patients and more stud-
ies are needed to ascertain the clinical interest of  this new 
marker in this context.

DIAGNOSIS OF CKD
According to the KDIGO clinical practice guidelines for 
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the evaluation and management of  CKD, CKD is de-
fined as the existence since at least 3 mo of  abnormalities 
of  kidney function and/or structure with implications for 
health. The persistence of  GFR below 60 mL/min/1.73 
m2 is one of  these abnormalities and in case of  the exis-
tence of  other criteria, calculation of  GFR is requested 
to determine the stage of  the CKD[12]. Therefore, calcula-
tion of  GFR is a key element in detection and/or staging 
of  CKD. So, we will focus on the methods that might al-
low evaluating reliably the renal function and on the stud-
ies that assessed the performance of  these methods.

METHODS OF EVALUATION OF THE 
RENAL FUNCTION
The GFR is the universally used index to quantify kid-
ney function (with value given in mL/min). It can be 
measured by using a reference method of  GFR measure-
ment, or estimated, by using an endogenous marker (typi-
cally SCr) and different formulas (also called equations). 
In case of  GFR measurement, the principle is to deter-
mine the body clearance of  a substance with supposed 
exclusive renal elimination. The substance used is also 
supposed to be freely filtered and neither secreted nor re-
absorbed along the renal tubule. In all probability, no ex-
trarenal excretion of  the substance occurs and it cannot 
be stored or be bound to plasma proteins: then it can be 
assumed that the plasmatic clearance is only due to renal 
clearance. Thus, the GFR can be inferred, at least theo-
retically, from the plasma disappearance of  the substance. 
Considering the renal clearance of  a marker occurs only 
through glomerular filtration, then the following rela-
tionship is satisfied: the amount that leaves the body per 
unit of  time is strictly equal to the quantity of  the same 
substance that appears in the urine per unit of  time: [S]p 
X GFR = [S]u X Vu (with [S]p and [S]u respectively the 
plasma and urine concentration of  the substance and Vu 
the volume of  urine during a certain amount of  time)[13]. 

Secondarily, a normalization on arbitrarily fixed body 
surface area (BSA) set to 1.73 m2 is commonly done on 
the assumption that the GFR is positively correlated with 
the basal metabolism rate of  individuals which is propor-
tional to their stature[14]. Some authors have questioned 
this normalization[15] and standardization on other criteria 
(for example, the volume of  total body water) has been 
proposed[16]. Nevertheless, the adjustment on the body 
surface remains widely used. The formula most common-
ly used to determine the BSA is the Dubois formula[17].

REFERENCE METHODS: HOW TO 
MEASURE GFR?
These methods utilize exogenous markers, which should 
present several properties to be considered as “ideal mark-
ers”. These properties include free filtration in the glom-
erulus without secretion nor reabsorption by the tubule, 
unable to bind to plasma proteins and with exclusive elim-
ination by the kidneys. Moreover, the dosage of  the com-

pound must be accurate, inexpensive, and without interfer-
ence with other plasma components. Finally, there should 
be no side effects for the patient[13]. The commonly used 
exogenous markers in clinical practice are inulin, iohexol 
and iothalamate. Several methods can be used to measure 
the GFR. The method originally proposed by Homer 
Smith is still one of  the most frequently used. It is based 
on the continuous infusion of  exogenous marker by vary-
ing the infusion rate until a stable plasma concentration 
is reached[13]. Urine collection over several time periods is 
then performed and the final GFR is the mean value of  
these measurements. Three samples are generally collected 
but up to five may be necessary. Although being a “gold 
standard” method, it has several drawbacks. It is time con-
suming, requires trained and experienced staff, the marker 
can be relatively expensive and the assay of  inulin is sen-
sitive to changes in glucose. Finally, the utilization of  a 
bladder catheter may be required to exclude the impact of  
a problem of  bladder voiding that can artificially reduce 
the GFR value[13]. Because of  these drawbacks, other in-
vestigators have proposed simpler methods without urine 
collection. The proposed technique is to measure the 
infusion rate of  the marker required to obtain a constant 
plasma concentration of  the marker. Assuming that elimi-
nation is exclusively renal then the value of  the infusion 
rate permits determination of  the GFR value. Another in-
creasingly used technique is to measure the disappearance 
of  the marker in the plasma after a bolus infusion. This 
technique requires using a model of  the behavior of  the 
marker in the body to deduce the GFR value. Obviously, 
the reliability of  the GFR measurement strongly relies on 
how realistic the model used is. Some investigators have 
demonstrated these bolus techniques allow appropri-
ate assessment of  the GFR by retrieving just two blood 
samples. In some studies just one assay was sufficient dur-
ing the decrease phase of  the marker concentration in the 
plasma. However, the single sample methods require care-
ful timing of  sample retrieval that must be chosen based 
on the expected level of  renal function. Alternatively, 
the sample is taken according to the presence of  certain 
clinical conditions: at least several hours after injection 
are required for normal renal function, whereas a sample 
after a longer period of  time is needed when renal impair-
ment is expected or if  ascites is present[18]. Alternatively, 
radioactive (isotopic) markers can be used instead of  usual 
marker: the most commonly used isotopic markers are the 
125I-iothalamate, 51Cr-EDTA and 99Tc-iodohippuran[13]. In 
cirrhotic patients, some authors have reported a risk of  
overestimation of  the GFR when alternative methods to 
urine collection are used, due to the possible existence of  
extra-renal clearance of  the marker[19]. This seems to be 
true when the samples of  plasma are taken too early after 
the bolus marker administration. Indeed, investigators 
have recently stressed the faster initial decrease and slower 
subsequent decrease in plasma marker concentration in 
patients with fluid overload[20]. In such cases, late measures 
might correct the overestimation by compensating for the 
faster initial decrease, but this remains to be confirmed. 
Therefore, the most reliable reference method appears to 
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the MELD score to properly classify the patients with 
the most severe cirrhosis[20,29-31]. It is well established that 
the MELD score penalizes patients that, in absence of  
any renal impairment, exhibit lower SCr, especially wom-
en[30,32]. In a study from our group in patients with severe 
alcoholic cirrhosis, we found lower SCr in women than in 
men, despite lower GFR in female patients[6]. Some stud-
ies have shown that replacing the SCr by eGFR or mGFR 
allowed more accurate classification of  patients awaiting 
LT according to their risk of  death[33,34]. This raises ques-
tions about the need to refine the MELD score in order 
to achieve a fairer assessment amongst cirrhotic patients 
awaiting LT.

CREATININE CLEARANCE
It is a simple method to estimate GFR, based on the 
assumption that creatinine has the characteristics of  a 
perfect renal marker. It requests the patients are able 
to collect accurately the urines from a 24 h period. Al-
though very convenient, it has several limitations: mainly, 
the occurrence of  tubular secretion of  creatinine (which 
leads to overestimation of  the GFR) and the possible 
inadequate urine collection by the patients, that is on a 
longer or shorter than 24h time period. Calculation of  
the eGFR requires normalization to BSA. Studies that 
tested the performance of  this method showed a clear 
trend to overestimate mGFR by 4%-80%[25,27,35-37] (Table 
1). In a meta-analysis including data from seven stud-
ies with 193 cirrhotic patients, Proulx et al[38] found a 
mean bias of  +13 mL/min per 1.73 m2 between GFR 
estimated by the Creatinine Clearance method (CrCl) 
and GFR measured by the inulin clearance. The authors 
also found that the bias tended to be higher in patients 
with lower GFR with a mean overestimation of  18% in 
patients with GFR > 60 mL/min per 1.73 m2 and of  
49% in patients with GFR < 60 mL/min per 1.73 m2. 
The relationship between GFR level and overestimation 
could be explained by the secretion of  creatinine by the 
tubule in patients with CKD. However, the importance 
of  this overestimation does not seem to be related to the 
severity of  cirrhosis. Some investigators have suggested 
that pharmacological inhibition of  creatinine secretion by 
means of  cimetidine could help to get more robust esti-
mation of  GFR with the CrCl[13,39]. However, limitations 
such as the effective level of  tubular secretion inhibition 
that can be obtained with cimetidine remain. Cimetidine 
can have varying effects depending on several factors and 
the clinical safety of  cimetidine administration is a mat-
ter of  concern. To our knowledge there is no study that 
evaluated the performance of  CrCl with cimetidine ad-
ministration in cirrhotic patients. In conclusion, because 
of  its limitations, the CrCl method is not largely used to 
estimate GFR in current clinical practice.

SERUM CREATININE BASED FORMULA 
TO ESTIMATE GFR
They are probably the most widely used in current clini-

be the “classic” Homer Smith method with the collection 
of  urine and prior administration of  an exogenous marker 
until reaching the equilibrium concentrations. However, 
as stated above, this is time consuming and necessitates 
trained staff. 

SERUM CREATININE
This endogenous marker of  renal function is used uni-
versally as it is simple to measure, inexpensive and easily 
accessible. Initially, SCr was used for the assessment of  
renal function due to the assumption that its production 
remains broadly stable over time if  the body weight was 
also stable. In addition, it was assumed that SCr produc-
tion among gender-, weight- and age-matched patients 
was comparable. However, in patients with severe cirrho-
sis, daily creatinine production is decreased comparing 
with patients from the general population for two main 
reasons. Liver failure is responsible for decreased creatine 
production while some degree of  malnutrition causes de-
creased conversion of  creatine to creatinine. Therefore, 
the potential of  SCr to be a reliable marker of  renal func-
tion is strongly challenged in this clinical setting[21]. Ad-
ditional difficulty when interpreting the value of  SCr in 
cirrhotic patients comes from the interference, when us-
ing the Jaffe assay, of  “non-creatinine” chromogens pres-
ent in the plasma (typically bilirubin)[22]. Recently, Kuster 
et al[23] showed that comparing with an enzymatic assay, 
even a compensated Jaffe assay accounted for an average 
decrease of  6.14 µmol/L of  the SCr in cirrhotic patients. 
This resulted in a median overestimation of  GFR esti-
mated by CKD-EPI formula and a reduced MELD score 
in patients with SCr > 1 mg/dL. Finally, it is known that 
there is a significant secretion of  creatinine by the tubule 
in patients with decreased renal function, which increases 
when the CKD becomes more severe[24]. Several studies 
sought to determine the ability of  SCr to estimate renal 
function and to detect CKD in cirrhotic patients, by us-
ing a reference method to measure GFR (Table 1). They 
showed that a large proportion of  cirrhotic patients with 
moderate to large decrease in GFR had normal or just 
slightly increased SCr[25-28]. Moreover, some studies also 
found a non-significant correlation between 1/SCr or log 
SCr with GFR or poor performance of  1/SCr for detect-
ing a decrease in GFR[26-27]. Apart from questioning the 
level of  SCr that should be considered as really “normal” 
in cirrhotic patients, other previously cited factors con-
tribute to jeopardizing the capacity of  SCr as a reliable 
marker of  the true GFR in cirrhotic patients. Therefore, 
what is the true clinical meaning of  SCr in patients with 
severe cirrhosis? Assuming the absence of  measurement 
error, SCr reflects a mix of  clinical parameters includ-
ing the degree of  liver dysfunction, malnutrition and the 
patient GFR. Nevertheless, it was included in the MELD 
score, now widely used to prioritize patients in the ac-
cess to LT, because of  its (expected) capacity to serve 
as a proper marker of  renal function. However, because 
of  all the limitations previously cited, some authors have 
since highlighted the limitations of  the use of  SCr into 
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cal practice to assess the GFR because estimation can be 
obtained quickly and easily. The parameters of  the popu-
lation used to work out the main SCr based formulas are 
given in Table 2. This information is important to take 
into account to understand the poor global performance 
of  these formulas in cirrhotic patients. Indeed, it appears 
unlikely that some cirrhotic patients were included in the 
populations used to elaborate these formulas.

Historically, the Cockcroft and Gault formula (CG) 
was the most popular before the MDRD formula was 
published in the early 2000s. It was developed in the early 
70s using population data from 249 men. Furthermore, 
it is important to note that the reference method used 
to develop this formula was the CrCl method, which 
is not really a reference method[40]. This formula is not 
adjusted to the patient BSA and the adjustment has, 
theoretically, to be done afterwards (even if  the relevance 
of  this adjustment remains to be assessed in cirrhotic 
patients). Repeated testing of  the CG formula in cir-
rhotic patients confirmed poor performance in most of  

the studies[5,6,25,28,35,37,41-43]. Similarly to the CrCl, the CG 
clearly tends to overestimate GFR, especially in some 
clinical contexts. According to major studies in the field, 
this overestimation may be between 5 and 51 mL/min, in 
some instances reaching 80% of  the mGFR value. This 
overestimation seems to be more important for lower 
GFR and more severe cirrhosis as well[5,28,37]. Another 
point of  concern is the impact of  BSA normalization 
of  the eGFR when evaluating CG performance. Not 
every study utilized normalized eGFR, which may have 
a confounding effect on the results. Intuitively, the over-
estimation in patients with large retention of  ascites that 
are artificially overweight may decrease. Apart from our 
group[6], several other authors have underlined the limita-
tions of  the CG formula in the assessment of  renal func-
tion in cirrhotic patients[18,29].

The MDRD formula was developed in 1999 in a 
large-sized North American population, which was 
more heterogeneous than the one used to derive the 
CG formula (Table 2). In addition, the authors utilized 

Table 1  Summary of the results of the main studies which evaluated the performance of renal function markers and/or glomerular 
filtration rate estimates estimates comparatively to a reference method in patients with cirrhosis

Ref. Number of patients Reference method Performance of the estimate(s)

Papadakis et al[25], 1987 23 (mGFR = 66) Inulin Difference between mean mGFR and ClCr and CG -24 and -52 mL/min respectively 
in group with decreased mGFR (+10 and +4 in patients with normal mGFR)

Caregaro et al[35], 1994 56 (mGFR = 86.7) Inulin Difference between mean mGFR and ClCr and CG -14.6 and -4.9 respectively. Mean 
overestimation was 51% and 40% respectively in patients with GFR < 80

Roy et al[36], 1998 30 (mGFR = 30) Inulin Mean relative overestimation 80% with ClCr when moderate to severe CKD
Orlando et al[37], 1999 20 Inulin Mean relative overestimation of 4% and 23% respectively for ClCr and CG in Child C 

patients. Relative difference only +3% and -6% respectively in Child A patients
Woitas et al[26], 2000 44 (mGFR = 37) Inulin Sensitivity to detect GFR < 90, 85.7% and 28.5% respectively for elevated CysC and 

SCr
Demirtaş et al[27], 2001 26 (HRS) 

(mGFR = 33.5)

99Tc-DTPA Difference between mean mGFR and ClCr +7

Orlando et al[28], 2002 36 (mGFR = 71.5) Inulin Mean overestimation was 75% and 30% respectively for CG and ClCr in patients with 
decreased GFR (14% and 9% in patients with normal GFR). Sensitivity to detect GFR 
< 72 were 73%, 23%, 53% and 86% respectively for elevated CysC and SCr, CG and 

ClCr
Gonwa et al[5], 2004 1447 (Pretransplant) 

(mGFR = 90.7)

125I-Iothalamate P30 were 60.8% and 66.7% for respectively CG and MDRD4. Difference between 
means mGFR and CG and MDRD4 +23.5 and +21.9 respectively

Pöge et al[41], 2006 44 (mGFR = 35.3) Inulin Mean absolute bias and P30 was 51.7/4.5%, 48.3/6.8%, 33.3/11.4% and 33.9/13.6% 
for respectively CG, MDRD4, Hoek and Larsson GFR formula

MacAulay et al[42] 2006 57 (mGFR = 83) 99Tc-DTPA
Iohexol

Mean difference between formula and mGFR was lower for MDRD6 comparing with 
CG (+3.5 vs +15.4). However, mean absolute difference was high and similar (23.4 vs 
23.6) and poor precision was found with both eGFR (root mean square error 31.5 vs 

30.5 for respectively MDRD6 and CG)
Francoz et al[31], 2010 157 (mGFR = 85) Inulin Mean absolute bias ± SD was 17 ± 32, 16 ± 29 and 8 ± 22 for CG, MDRD4 and CKD-

EPI respectively. In patients with GFR < 70, CKD-EPI bias rose to 19 ± 20
Rognant et al[6], 2010 148 

(Alcoholic Cirrhosis) 
(mGFR = 77)

Median absolute bias ± SD and P30 was 23 ± 23/33.3% and 22 ± 20/40% for CG and 
MDRD4 respectively

Kim et al[43], 2011 89 (normal SCr) 
(mGFR = 73)

99Tc-DTPA Difference between mean mGFR and ClCr, CG and MDRD6 was -14.4/+ 19.1 and 
-40.1 respectively. AUC of ROC to detect GFR < 60 was 0.721, 0.561, 0.463 and 0.659 

for 1/CysC, ClCr, CG and MDRD6 respectively
Xirouchakis et al[47], 2011 74 (mGFR = 81.7) 51Cr-EDTA Concordance correlation coefficient was 0.61, 0.38 and 0.46 for respectively MDRD4, 

Larsson and Hoek estimates. P30 was 64% for MDRD4 and 68% for Hoek.
Gerhardt et al[48], 2011 44 (mGFR = 35.3) Inulin Median absolute bias and P30 was 40.1/6.8% and 42.5/6.8% for respectively 

MDRD175 and CKD-EPI
De Souza et al[49], 2013 202 (Pretransplant) 

(mGFR = 83)
Inulin Concordance correlation coeffcient and P30 was 0.75/78.7, 0.56/42.6, 0.62/56.4, 

0.8/83.2 and 0.82/78.2 for respectively Hoek, MDRD175, CKD-EPI, CKD-EPI CysC 
and mixed CKD-EPI formula

Acronyms description can be found in the text. GFR: Glomerular filtration rate; HRS: Hepato-renal syndrome; CKD: Chronic kidney disease; CG: Cockcroft 
and Gault formula; SCr: Serum creatinine.
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a measured GFR as the reference method and provided 
an eGFR normalized to BSA[44]. Initially, several MDRD 
formulas were developed, with the simplest or 4-variables 
MDRD including SCr, age, gender and ethnical origin. 
This formula rapidly became the most popular compared 
to the 6-variables MDRD formula, which additionally 
requires blood urea nitrogen and serum albumin concen-
tration to estimate GFR[45]. In 2007, the formula with 4 
variables (MDRD4) has been re-expressed for SCr mea-
sured with assay traceable to the IDMS reference assay. 
This formula is also known as MDRD 175, which refers 
to the first multiplicative factor of  the equation[46]. The 
performance of  these formulas has been tested several 
times in cirrhotic patients[5,6,34,41,42,43,47-49]. The studies have 
shown, as for the CG, a clear tendency to overestimate 
mGFR with a bias between 15 and 48 mL/min per 1.73 
m2 depending on the average GFR of  the patients includ-
ed in the studies. As for the CG formula, the level of  the 
bias is inversely proportional to the level of  the mGFR. 
Agreement between MDRD eGFR and measured GFR 
assessed via the accuracy 30% (which is the proportion 
of  patients with eGFR between mGFR minus 30% and 
mGFR plus 30% and is also called P30) is poor. Indeed 
P30 was between 6.8 % and 42.6 % depending on the 
study. Importantly, MDRD formulas did not seem to 
perform better than CG formula, whereas, our recent 
study suggested that the performance of  MDRD6 is pos-
sibly better than other SCr based formulas (but remained 
lower comparing with CysC based formulas). In 2009, 
the Levey group, which developed the MDRD formula, 
published a new formula for estimating GFR. It was 

based on the same parameters as the MDRD4 and used 
measurements of  the GFR collected from more than 
8000 patients[50]. The mean mGFR of  the population 
was higher than for the MDRD formula (68 mL/min 
per 1.73 m2). The main advantage of  this new and more 
complicated formula named CKD-EPI, is the lower un-
derestimation of  the eGFR comparing with the MDRD 
for GFR higher than 60 mL/min per 1.73 m2. However, 
an improvement is not observed in some categories of  
patients such as the elderly. Therefore, some authors chal-
lenged the supposed clinical improvement in the patient 
management brought by the CKD-EPI comparing with 
the MDRD[51]. In cirrhotic patients, studies that tested the 
CKD-EPI formula found a slightly better performance 
comparing with CG and MDRD although eGFR was 
higher than the mGFR in every study[34,48,49]. For example, 
in the study by Francoz et al[34] the mean bias was +8 
mL/min per 1.73 m2 vs +17 and +16 mL/min per 1.73 
m2 respectively for CG and MDRD4. However, the mean 
bias was similar to MDRD in patients with GFR below 
70 mL/min per 1.73 m2 (+19 mL/min per 1.73 m2) sug-
gesting strong overestimation of  GFR in patients with 
CKD. Assessing the agreement by the mean of  P30, our 
group recently found better results for CKD-EPI with 
the P30 being 56.4 % vs 42.6% for MDRD175[49]. How-
ever, a recent study highlighted the poor performance 
of  the CKD-EPI formula in patients with severely de-
creased GFR (mean mGFR of  35.3 mL/min per 1.73 
m2) with low P30 at 6.8%, similar to those of  MDRD[48]. 
Taken together, these data suggest that CKD-EPI may 
give a fairly good estimation of  GFR in cirrhotic patients 

Table 2  Description of the characteristics of the studies used to develop the common glomerular filtration rate estimates

Name of the study Number of patients Country Reference method Marker(s) Mean GFR Comments

CG 1976   249 Canada 24 h ClCr SCr 30-130 No normalization on BSA
Male patients only in the population of the 

study
MDRD 1999 1628 United States Renal clearance 

125I-Iothalamate
SCr 39.8 ± 21.2 Characteristics of the study population:

Male 60%
Black patients 12%

> 55 yr 42%
Diabetic patients 6%

Re-expressed in 2007 to be used with IDMS 
traceable creatinine assay (MDRD 175)

CKD EPI (PCr) 2009 8254 United States Various (urinary 
clearance of 

exogenous markers)

SCr 68 ± 40 Characteristics of the study population:
Male 57%

Black patiens 32%
> 65 yr 13%

Diabetic patients 29%
Hoek 2003   123 The 

Nederlands
Renal clearance 
125I-Iothalamate

CysC Median = 
81

Characteristics of the study population:
Male 48%

Median age 50 yr
Diabetic patients 24%

CKDEPI (Cys C and 
mixed PCr + CysC) 
2012

5352 United States Various (urinary or 
plasma clearance of 
exogenous markers)

CysC 
alone and 
both CysC 

and SCr

68 ± 39 Characteristics of the study population:
Male 58%

Black patients 40%
Age > 65 yr 13%

Diabetic patients 32%
Patients with BMI > 30 31%

Acronyms description can be found in the text. GFR: Glomerular filtration rate. CKD: Chronic kidney disease; CG: Cockcroft and Gault formula; BMI: Body 
mass index.
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with normal renal function. In patients with decreased 
renal function it presents the same limitations as CG and 
MDRD, which is mainly to overestimate the GFR.

CYSTATIN C BASED FORMULA TO 
ESTIMATE GFR
These formulas were developed more recently. The main-
ly used formulas so far, are the Hoek[52] and the Larsson 
formula[53]. However, the Levey group published two new 
CKD-EPI formulas in 2012, one based on CysC (CKD-
EPI CysC) and another based on both SCr and CysC 
(mixed CKD-EPI)[54]. While the CKD-EPI formulas 
were developed on a large group of  patients, the Hoek 
formula was developed from a small group of  123 pa-
tients (Table 2). 

In cirrhotic patients, some investigators tested the 
ability of  these formulas to estimate the GFR appro-
priately[41,47,49]. Although one study, in a small group of  
patients with severely decreased renal function, found a 
poor performance of  the Hoek formula (reflected by an 
important overestimation of  the GFR and low accuracy 
with P30 of  11.4 %)[41], subsequent studies showed a 
better performance, at least comparing with SCr based 
formulas. In the study by Xirouchakis et al[47] P30 was 
observed to be 68%. Recent work by our group showed 
that the P30 could be even better at 78.7% but it dropped 
to 66.7% in patients with refractory ascites and to 53.8% 
in patients with GFR below 60 mL/min per 1.73 m2. 
Nonetheless, performance remained higher than those of  
the SCr based formulas[49]. Concerning the two newly de-
veloped CKD-EPI formulas (CKD-EPI CysC and mixed 
CKD-EPI), we are the first to evaluate their performance 
in our recent study including 202 cirrhotic patient can-
didates for LT in whom an inulin renal clearance was 
performed[49]. We found that CKD-EPI CysC had the 
best performance compared to the other formulas tested 
in the study (i.e., Hoek, MDRD 175, mixed CKD-EPI 
and “classic” CKD-EPI). The Hoek and CKD-EPI CysC 
formulas exhibited the lowest difference between eGFR 
and mGFR (respectively +4.3 and +4.4 mL/min per 1.73 
m2). However, the agreement, measured by the concor-
dance correlation coefficient (CCC) and the P30, were 
improved for the CKD-EPI CysC formula (respectively 
0.8 and 83.2% vs 0.75 and 78.7% for Hoek). Similarly to 
the Hoek formula, the P30 was lower in patients with 
refractory ascites (66.1%) and in case of  GFR < 60 mL/
min per 1.73 m2 (73.1%). The ability to detect a GFR 
< 60 mL/min per 1.73 m2 was the best for Hoek and 
CKD-EPI CysC formulas (both AUC of  the ROC curve 
at 0.86). The ability to detect GFR < 90 mL/min per 1.73 
m2 was better in MDRD6 (0.77) and mixed CKD-EPI 
(0.78) formulas. Finally, regarding the new mixed CKD-
EPI formula, its interest seems to be limited in cirrhotic 
patients with stage 3 to 5 CKD because of  a poor agree-
ment in cirrhotic patients with stage 3 to 5 CKD reflect-
ed by low P30 at 38.5% and overestimation of  mGFR 
with a difference between mean eGFR and mean mGFR 

of  +14.6 mL/min per 1.73 m2. However, the mixed 
CKD-EPI performed similarly to CKD-EPI CysC in 
patients with refractory ascites (P30 = 63.9%) and even 
better than all other formulas in patients with GFR > 90 
mL/min per 1.73 m2 (P30 = 98.7% and P10 = 54.7%). 
In conclusion, these recent data suggest that the CysC 
based formula, especially the CKD-EPI CysC formula, 
yielded less biased eGFR than SCr based formulas, with a 
clear better performance in cirrhotic patients with CKD. 
Therefore, this formula should be used preferentially in 
cirrhotic patients with GFR < 60 mL/min per 1.73 m2 
and in those with refractory ascites. However, in patients 
with normal renal function, our results suggest that the 
mixed CKD-EPI has the best performance. 

CONCLUSION
Accurate and reliable assessment of  GFR is warranted 
in cirrhotic patients in order to achieve optimal clinical 
management. Indeed, AKI and/or CKD are frequent 
complications in this context, impacting seriously on the 
prognosis of  the patients. Moreover, several clinical con-
ditions require the use of  eGFR to adapt the treatment. 
Most of  the available formulas estimating GFR exhibit 
limited suitability, particularly in case of  a decreased renal 
function and/or severe cirrhosis, limiting their interest. 
The development of  formulas based on CysC rather than 
SCr for estimating GFR opened the possibility to get a 
more robust and simple estimate of  the GFR in daily 
clinical practice. Before developing a widespread use of  
CysC based eGFR in cirrhotic patients, however, further 
studies should be undertaken to confirm the clinical value 
of  these formulas, especially those of  the new CKD-EPI 
CysC.
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