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Abstract
AIM: To compare prevalence of chronic renal dysfunction (CRD) according to serum creatinine (sCr) vs estimated glomerular filtration rate (eGFR) among maintenance liver transplant patients.

METHODS: The ICEBERG study was an observational, retrospective, cross-sectional, and multicenter study. Consecutive adult patients (aged 18 years or older) with liver transplantation (LT) performed at least two years previously were recruited. Multi-organ transplant recipients were excluded. Chronic renal dysfunction was defined according to sCr based criteria in routine clinical practice (≥ 2 mg/dL) and eGFR using MDRD-4 equation (< 60 mL/min per 1.73 m2). Agreement between sCr definition and eGFR assessment was evaluated using the Kappa index. Cox regression analysis was applied to identify predictive factors for developing CRD after LT.

[bookmark: _GoBack]RESULTS: A total of 402 patients were analyzed (71.6% males). Mean ± SD age at transplant was 52.4 ± 9.8 years. Alcoholic cirrhosis without hepatocellular carcinoma was the most common reason for LT (32.8%). Mean time since LT was 6.9 ± 3.9 years. Based on sCr assessment, 35.3% of patients [95% confidence interval (CI): 30.6-40.0] had CRD; 50.2% (95%CI: 45.3-55.1) according to eGFR. In 32.2% of cases, sCr assessment had underestimated CRD. Multivariate analysis showed the following factors associated with developing CRD: eGFR < 60 mL/min per 1.73 m2 at three months post-transplant [hazard ratio (HR) 4.76; 95%CI: 2.78-8.33; P < 0.0001); calcineurin inhibitor use (HR 2.31; 95%CI: 1.05-5.07; P = 0.0371); male gender (HR 1.98; 95%CI: 1.09-3.60; P = 0.0260); and ≥ 10 years post-transplantation (HR 1.95; 95%CI: 1.08-3.54; P = 0.0279). 

CONCLUSION: Seven years after LT, CRD affected half our patients, which was underestimated by sCr. An eGFR < 60 mL/min per 1.73 m2 three months post-LT was predictive of subsequent CRD.
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Core tip: We aimed to compare the prevalence of chronic renal dysfunction (CRD) according to serum creatinine (sCr) vs that based on estimated glomerular filtration rate (eGFR) among maintenance liver transplant patients. According to eGFR assessment, after seven years of post-transplant follow-up, half of patients have CRD, suggesting that the occurrence of renal dysfunction is significantly under-estimated by sCr assessment in routine practice. The study outlines the importance of early CRD detection using more sensitive tools. In this sense, eGFR at 3-mo post-transplantation provides a powerful independent predictive factor for the development of CRD in liver transplant recipients.

Varo E, Bañares R, Guilera M. Underestimation of chronic renal dysfunction after liver transplantation: ICEBERG study. World J Transplant 2015; In press


INTRODUCTION
Chronic renal dysfunction (CRD) is a common and dangerous complication following liver transplantation (LT)[1-3]. The majority of liver transplant recipients who survive beyond the first six months post-transplant develop CRD[4,5]. The reported incidence varies widely, from 20% to 80%[5-7], depending on the definition of CRD and the methodology used in studies[8].
The key causative factor for renal disorders in nonrenal transplant recipients has been attributed to calcineurin inhibitor (CNI) nephrotoxicity[2,9]. Nevertheless, other risk factors - including older age, hepatitis C virus (HCV) infection, the presence of diabetes mellitus or hypertension before transplantation, and pre-transplant renal dysfunction - are known to be independent predictors of CRD after LT[10-16].
Development of CRD after nonrenal organ transplantation is associated with a greater than 4-fold increase in the risk of death[12]. Therefore, early detection of CRD following LT is essential to delay the progression of renal disease and reduce its associated morbidity/mortality.
Serum creatinine (sCr) is the most established tool for estimating renal function. However, sCr alone may not be an accurate indicator of the degree of renal dysfunction. Not only is it a delayed marker of decreased kidney function[17], but it is also influenced by such nonrenal factors as gender, age, race, weight or protein intake and, additionally, is significantly decreased in patients with chronic liver disease[9,17]. Consequently, estimated glomerular filtration rate (eGFR) using a prediction equation that takes into account the sCr level and some of these independent factors has been recommended as a method for measuring renal function in these patients[18]. A number of creatinine-based equations have been developed for estimating GFR[19-23]. In adults, the modification of diet in renal disease (MDRD) equation[20] provides a clinically useful estimate of GFR[18].
This is a descriptive study primarily aiming to evaluate a national cohort of liver transplant patients still alive after a median follow-up of seven years and to assess CRD prevalence by comparing two measurements currently employed in routine practice: sCr and GFR estimated by MDRD-4. Secondary objectives were to analyze how renal function evolved, identify potential risk factors for developing CRD and assess to what extent the clinical diagnosis of CRD leads to a change in immunosuppressive therapy.

MATERIALS AND METHODS
The ICEBERG study was an observational, retrospective, cross-sectional, multicenter study conducted in 21 LT outpatient clinics in Spain. Patients eligible for inclusion were consecutive patients seen at the clinic aged 18 years or older at transplantation, with at least two years of post-transplant data on renal function to better ensure stable renal function. Multi-organ transplant recipients were excluded. The study was approved by the ethics committee at Hospital Clínic of Barcelona (Spain). Signed informed consent was obtained from all patients prior to their inclusion.
Patients fulfilling the selection criteria were consecutively enrolled by the participating investigators, resulting in the inclusion of 409 patients between September and November 2009. Patient profiles consisted of current clinical and analytical data and medical records.
CRD diagnosis was recorded based on sCr and, alternatively, estimating GFR using the abbreviated MDRD-4 equation[20,21]: estimated GFR (mL/min per 1.73 m2) = 186 × (serum creatinine)-1.154 × (age)-0.203 × (0.742 if female) × (1.210 if African-American). The cut-off point to define CRD was ≥ 2 mg/dL for sCr and < 60 mL/min per 1.73 m2 for eGFR based on Kidney Disease Outcome Quality Initiative (K-DOQI) guidelines[18,24].
McNemar’s test was used to compare frequencies between subgroups for qualitative variables. Agreement between sCr definition and eGFR assessment was evaluated using the Kappa index. Cox regression analysis was applied to determine the predictors of CRD after LT. A P-value < 0.05 was considered significant. Statistical analyses were performed with SPSS (version 12.0, SPSS Inc., Chicago, Illinois, United States).

Statistical analysis
The statistical methods of this study were reviewed by Daniel Mosteiro (Senior Biostatistician) from TFS.

RESULTS
A total of 402 patients were included in the analysis. Seven patients with missing values for sCr were excluded. Table 1 shows the main characteristics of the study sample. The vast majority of patients were male Caucasians, with a mean age of 52.4 ± 9.8 years at transplant and an average Model for End-Stage Liver Disease (MELD) score during the transplant evaluation of 15.9 ± 6.1 (125 patients were lacking data). Mean time post-transplantation was 6.9 ± 3.9 years (range: 2-20 years). At the time of transplantation, 17.7% of patients had diabetes mellitus and 9.0% hypertension. The main indication for LT was alcoholic cirrhosis without hepatocellular carcinoma (32.8%), while hepatocellular carcinoma was the impetus for transplantation in 22.9% of patients. Antibody induction therapy was used in 16.9% of patients (mainly anti-CD25). At the time of discharge, the most commonly used immunosuppressants were CNI (either cyclosporine or tacrolimus), prescribed as monotherapy (8.5%) or in combination with other immunosuppressive treatments (91.5%). Biopsy-confirmed acute rejection was diagnosed in 94 patients (23.4%) and, during the maintenance phase, diabetes and hypertension were diagnosed in 135 (33.6%) and 208 (51.7%) patients respectively. Additionally, 48 patients (11.9%) developed a malignancy following transplantation.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Based on sCr, CRD was diagnosed in 142 out of 402 patients (35.3%, 95%CI: 30.6 to 40.0) whereas, according to MDRD-4, CRD was diagnosed in 202 patients (50.2%, 95%CI: 45.3 to 55.1; P < 0.0001) (Figure 1). Of the 202 patients with eGFR below 60 mL/min per 1.73 m2, 63 (31.2%) had creatinine levels ≥ 2 mg/dL but 139 (68.8%) had creatinine < 2 mg/dL (Table 2). When examining the concordance between the sCr‑based definition and eGFR, diagnosis of CRD according to the former was established in 98.4% of patients with laboratory values of sCr ≥ 2 mg/dL and eGFR < 60 mL/min per 1.73 m2. However, 46.0% of CRD patients with sCr < 2 mg/dL and eGFR < 60 mL/min per 1.73 m2 were not correctly diagnosed. In this patient subgroup, 56.3% of patients had creatinine values above 1.25 mg/dL but below 2 mg/dL (Table 2). Among 31 patients with creatinine < 1.25 mg/dL and eGFR < 60 mL/min per 1.73 m2, only 3 cases (4%) were adequately diagnosed by the sCr. In summary, there was moderate agreement between the two definitions (Kappa coefficient: 0.65 (95%CI: 0.58-0.72); with 32.2% of patients with eGFR < 60 mL underdiagnosed using the sCr based assessment (Table 3).
The mean time point when CRD was clinically diagnosed according to sCr was 2.5 ± 3.7 years after transplantation; the time from transplantation to CRD diagnosis was less than 2 years in 62.7% of patients, from 2-5 years in 20.4% and over 6 years later in 16.9% of patients.
Figure 2 shows the changes in sCr levels and eGFR in liver recipients with and without clinical diagnosis of CRD one year post-transplant. Thereafter, patients with diagnosis of CRD showed higher levels of sCr and lower estimated GFR compared to those patients without CRD.
Multivariate Cox regression analysis showed that the following factors were associated with an increased risk of CRD: an eGFR value below 60 mL/min per 1.73 m2 at 3 mo post-transplant; CNI-based immunosuppressive therapy at discharge; recipient male gender; and time since transplantation (Table 4).
Following a diagnosis of CRD based on sCr, renal biopsy was performed in only four patients (2.8%). Renoprotective treatment [angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor blockers] was introduced in 43 out of 142 patients (30.3%), while 7 patients (4.9%) needed renal replacement therapy (5 hemodialyses, 1 renal transplant and 1 both). When CRD was diagnosed, changes in immunosuppressive therapy were initiated in 128 out of 142 patients (90.1%). All such changes were based on a reduction in CNI therapy. In addition, modifications to mycophenolic acid (MPA) therapy or introduction of mammalian target of rapamycin (mTOR) inhibitor therapy were undertaken in 45.1% and 12.0% of patients with CRD respectively.

DISCUSSION
Early identification of renal dysfunction after LT is essential to delay the progression of chronic kidney disease and improving long-term patient health[11,16]. In our study of LT patients, CRD was a common post-transplant complication with a prevalence ranging from 35.3% to 50.2% depending on the criteria applied. It is worth noting that the study shows how CRD is markedly underestimated by the sCr based assessment still used in clinical practice. Three out of ten patients with criteria for CRD based on eGFR using the MDRD-4 equation[21] had been underdiagnosed. It is important to note that sCr values from 1.25 to 2 mg/dL can frequently be misinterpreted despite concomitant abnormal eGFR values. Our results indicate that clinical diagnosis of renal dysfunction in routine clinical practice relies frequently on the less sensitive measurement of increased sCr concentration when, in fact, the eGFR may provide a better tool for detecting early renal dysfunction[24]. However, our findings are within the range of CRD prevalence reported by previous studies that had already shown CRD to be a common post-LT complication[5-7,12]. For instance, in the adult Finnish LT population, almost 40% of patients had an eGFR below 60 mL/min at three years post-transplantation[7], and according to Gayowski et al[6], 28% of liver transplant recipients developed late-onset renal failure, defined as sCr levels persistently exceeding 2.0 mg/dL six months post-transplantation. However the lack of a standard definition for CRD explains differences in prevalence among studies.
We performed a retrospective analysis of liver recipients to identify risk factors for the development of CRD. Several studies have reported that eGFR, either at the time of LT or during the early stages following transplantation, is an independent predictor of post-transplant chronic kidney disease[10,11,25-28]. Our study validated these results and showed that a low eGFR three months post-transplant was associated with an increased risk of CRD [hazard ratio (HR) = 4.76 for eGFR < 60 mL/min per 1.73 m2 vs eGFR ≥ 60 mL/min per 1.73 m2]. This finding is particularly interesting since it suggests that it may be possible to identify those patients at high risk of developing CRD within the first three months after transplantation with an easy-to-use tool such as the MDRD-4 equation.
After examining a variety of demographic and clinical variables, in contrast to previous studies, we found that male gender was a predictive factor of CRD (HR = 1.98 for male vs female). Curiously, other studies have reported just the opposite, with female gender being associated with a higher risk for developing CRD after LT[10,12,29]. However, Ojo et al[12] defined chronic renal failure as an eGFR ≤ 29 mL/min per 1.73 m2, instead of using a CRD cut-off point (eGFR < 60 mL/min per 1.73 m2), which could explain the different outcomes discussed above. 
In the current study, time since transplantation was also significantly associated with the risk of developing CRD (HR = 1.95 for transplantations performed prior to 1999 vs those carried out after that date), as had previously been reported by other authors[12]. In fact, this might largely be explained by the more persistent nephrotoxic effects of immunosuppression in those patients with better survival rates and longer follow-up available[9].
In contrast to previous studies[12,15,16], we found that such comorbidities as hypertension or diabetes mellitus prior to transplantation were not predictors of CRD. HCV-related disease has also been reported to be a risk factor affecting renal function[10,12], though this did not prove significant in our study. Differences in comorbidity profile and therapeutic management among different patient cohorts may account for the disparities in the results.
The introduction of ACE inhibitors and angiotensin receptor blockers may be of particular benefit in liver transplant recipients due to the renoprotective effects they confer[30,31]. Nevertheless, based on routine clinical practice criteria, the introduction of renoprotective treatment after clinical diagnosis of CRD was moderately low (approximately 30% of patients). Moreover, renal biopsy was performed in a low percentage of patients (2.8%) and few patients (4.9%) required renal replacement therapy, similar to what has been previously reported[32].
CNI-associated chronic nephrotoxicity has been widely reported[9,30,31] and CNI-based regimens at discharge have already been identified as independent predictors of CRD following transplantation[12,15], which is consistent with our own results (HR = 2.31 for CNI vs non-CNI). Moreover, CNI reduction in combination with MMF has been shown to improve eGFR in de novo LT, as well as in patients with moderately impaired renal function[33-35]. In our study, a strategy based on the reduction or withdrawal of CNI therapy was carried out in approximately 80% of liver recipients with diagnosis of CRD based on the sCr definition, while MPA therapy modification was undertaken in nearly half of them.
The present study has several strengths. Firstly, the relatively large sample size of a country-based cohort and secondly, the patients are representative of routine clinical practice in Spain. Several indicators, such us the high percentage of changes in immunosuppressive therapy and the low percentage of patients requiring renal replacement therapy among patients with CRD, demonstrate adequate clinical management in current practice. Thirdly, patients were enrolled by consecutive sampling. All this should outweigh the limitations inherent to retrospective studies which can lead to patient selection bias and inaccurate data collection. Moreover, we were able to compile data over a prolonged time period (almost 20 years), which allowed us to examine long-term changes in renal function. However, the laboratory criteria used to define CRD were arbitrarily established using a cut-off point of 2 mg/dL that has been used in other studies in solid organ transplantation[36]. Furthermore, local creatinine assessment techniques were not analized. Thus, heterogeneity in diagnosis cannot be ruled out. In addition, the use of creatinine secretion inhibitors was not an exclusion criterion. Also, the use of a simplified MDRD equation for GFR estimation also carries some limitations[37,38] although it has been validated in liver transplant patients[39]. Additionally, the study focused only on CRD defined two years after liver transplant and did not differentiate between other common functional renal disorders such as hepatorenal syndrome (HRS). Nevertheless, we have been able to provide detailed independent data on eGFR and creatinine in order to better understand the interpretation of these parameters in the clinic-based liver transplant setting. Another constraint worth mentioning is the lack of MELD scores, which have been used since 2002, in a third of the patients. Consequently, we were not able to evaluate how the introduction of these prioritization criteria might have influenced worsening of renal function in these patients[40]. Lastly, data on the effects of immunosuppression could only be analyzed on the basis of drug class; once the CRD diagnosis according to sCr was established, we could not assess whether or not these therapeutic interventions had any effects on renal function.
In conclusion, our study corroborates that CRD is a prevalent condition following LT and that the occurrence of renal dysfunction is significantly under-assessed in routine practice. The significant divergence between a currently used sCr based definition and an eGFR assessment of CRD may stem from the absence of broadly accepted criteria among physicians, thus hindering their ability to accurately identify the disorder. In this sense, estimated GFR at 3-mo post-transplantation provides a powerful and independent predictive factor for the development of CRD in LT patients. The use of more accurate diagnostic measurements will not only permit earlier detection of renal dysfunction, but also facilitate appropriate therapeutic intervention, which could yield significant benefits for long-term renal function and patient survival.
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COMMENTS
Background
Chronic renal dysfunction (CRD) is a common complication following liver transplantation. Serum creatinine is the most established tool for estimating renal function. However, serum creatinine alone may not be an accurate indicator of the degree of renal dysfunction. The abbreviated modification of diet in renal disease (MDRD-4) equation could provide a clinically useful estimate of glomerular filtration rate.

Research frontiers
Serum creatinine not only is a delayed marker of decreased renal function, but it is also influenced by nonrenal factors. Consequently, estimated glomerular filtration rate (eGFR) using a prediction equation that takes into account the serum creatinine level and some of these independent factors, such as gender, age or race, has been recommended as a method for measuring renal function.

Innovations and breakthroughs
The study results suggest that there is a significant divergence between the diagnosis of CRD based on a serum creatinine assessment and the eGFR, under daily practice conditions. According to eGFR assesment, CRD is present in almost half percent of liver recipients after approximately seven years of post-transplant follow-up. However, the rate of CRD is significantly under-estimated according to serum creatinine assessment in daily practice.

Applications
Overall, our study outlines the importance of early CRD detection among liver transplant recipients via the use of more sensitive tools. In this sense, eGFR at 3-mo post-transplantation is a powerful independent predictive factor for the development of CRD in liver transplant recipients.

Terminology
Chronic renal dysfunction is defined as kidney damage or glomerular filtration rate < 60 mL/min per 1.73 m2 for three months or more, irrespective of the cause.

Peer-review
The data provided show that CRD is more prevalent than expected in liver transplants, and that a change from calcineurin Inhibitors to mammalian target of rapamycin inhibiting drugs may alleviate the renal damage.
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Table 1 Demographics and clinical characteristics of the 402 liver transplant recipients
	Variables
	n (%)

	Age at transplant (yr), mean ± SD
	52.4 ± 9.8

	Gender (male)
	288 (71.6)

	Ethnicity (Caucasian)
	400 (99.5)

	Donor age, mean ± SD
	47.0 ± 18.9

	Time since transplantation (years), mean ± SD
	6.9 ± 3.9

	Pre-transplant comorbidities
	

	Diabetes mellitus
	71 (17.7)

	Hypertension
	36 (9.0)

	Dyslipidemia
	13 (3.2)

	Coronary heart disease
	8 (2.0)

	Reason for transplantation
	

	Alcoholic cirrhosis without hepatocellular carcinoma
	132 (32.8) 

	Hepatocellular carcinoma (in HCV or HBV-related liver cirrhosis, alcoholic cirrhosis or non-cirrhotic liver)
	92 (22.9)

	HCV-related liver cirrhosis without hepatocellular carcinoma
	74 (18.4)

	Cholestatic liver disease
	24 (6.0)

	HBV-related liver cirrhosis without hepatocellular carcinoma
	23 (5.7)

	Acute liver failure
	9 (2.2)

	Others 
	45 (11.2)

	Induction therapy
	68 (16.9)

	Immunosuppressive treatment (at discharge)
	

	Monotherapy
	34 (8.5)

	Cyclosporine 
	14 (3.5)1

	Tacrolimus 
	20 (5.0)1 

	Combined therapies
	368 (91.5)

	Cyclosporine-based 
	155 (38.6)1 

	Tacrolimus-based 
	149 (37.1)1 

	mTOR inhibitor-based
	63 (15.7)1 

	Others 
	1 (0.3)1


1Percentages with respect to the total population. HCV: Hepatitis C virus; HBV: Hepatitis B virus; mTOR: Mammalian target of rapamycin.


Table 2 Chronic renal dysfunction based on serum creatinine definition and estimated glomerular filtration rate assessment (modification of diet in renal disease-4)
	
	
	CRD diagnosis according to serum creatinine definition, n (%)

	
	
	Yes
	No
	Total

	CRD diagnosis according to eGFR (MDRD-4), n (%)
	Creatinine ≥ 2 mg/dL and eGFR < 60 mL/min per 1.73 m2 
	62 (98.4)1
	1 (1.6)1
	63 (31.2)2

	
	Creatinine < 2 mg/dL and eGFR < 60 mL/min per 1.73 m2:
	75 (54.0)1
	64 (46.0)1
	139 (68.8)2

	
	Creatinine < 1.25 mg/dL 
	3 (4.0)3
	28 (43.8)3
	

	
	Creatinine 1.25 - < 1.50 mg/dL
	19 (25.3)3
	30 (46.9)3
	

	
	Creatinine 1.50 - < 2.0 mg/dL
	53 (70.7)3
	6 (9.4)3
	

	
	Total
	137 (67.8)2
	65 (32.2)2
	202 (100)


1Row percentages; 2Percentages with respect to the total number of patients with CRD diagnosis according to eGFR; 3Column percentages. CRD: Chronic renal dysfunction; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal disease.

Table 3 Chronic renal dysfunction: concordance between serum creatinine definition and estimated glomerular filtration rate assessment (modification of diet in renal disease-4)
	
	
	CRD diagnosis according to serum creatinine definition, n (%)

	
	
	Yes
	No
	Total

	CRD diagnosis according to eGFR assessment (MDRD-4), n (%)
	Yes 
	137 (67.8)1
	65 (32.2)1
	202 (50.2)2

	
	No 
	5 (2.5)1
	195 (97.5)1
	200 (49.8)2

	
	Total
	142 (35.3)2
	260 (64.7)2
	402 (100)


1Row percentages; 2Percentages with respect to the total population. CRD: Chronic renal dysfunction; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal disease.

Table 4 Predictive factors associated with developing chronic renal dysfunction in liver transplant recipients
	Variables
	HR (95%CI)
	P-value

	Three months post-transplant eGFR (< 60 vs ≥ 60 mL/min per 1.73 m2)
	4.76 (2.78-8.33)
	< 0.0001

	CNI treatment at discharge (CNI vs non-CNI)
	2.31 (1.05-5.07)
	0.0371

	Recipient gender (male vs female) 
	1.98 (1.09-3.60)
	0.0260

	Year of transplantation ( 1999 vs > 1999) 
	1.95 (1.08-3.54) 
	0.0279



Other analyzed but non-significant variables were: donor gender (male or female), reason for transplantation (hepatitis C virus-related or not), antibody induction therapy at transplantation (yes or no), biopsy-confirmed graft rejection (yes or no), post-transplant diabetes mellitus (yes or no), post-transplant hypertension (yes or no), and pre-transplant eGFR (< 60 or ≥ 60 mL/min per 1.73 m2). eGFR: Estimated glomerular filtration rate; CNI: Calcineurin inhibitors.
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Figure 1 Prevalence of chronic renal dysfunction based on serum creatinine (A) and estimated glomerular filtration rate (modification of diet in renal disease-4) (B) in 402 liver transplant recipients.
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Figure 2 Changes in serum creatinine levels (A) and estimated glomerular filtration rate (B) in 402 liver recipients with or without clinical diagnosis of chronic renal dysfunction from one year post-transplantation (grey and black lines respectively). CRD: Chronic renal dysfunction; eGFR: Estimated glomerular filtration rate.
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