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Introduction
The prevalence of renal insufficiency in patients with chronic 

liver disease is unknown; furthermore, no specific etiology has been 
demonstrated to be the predominant cause of renal insufficiency 
in these patients, and no factors predicting it have been identified, 
although particular diseases of the liver have been traditionally 
linked to specific forms of renal involvement. In this context 
however, it has been demonstrated that therapeutic paracentesis 
without the intravenous administration of albumin is associated 
with the development of hyponatremia and/or renal failure in 20% 
of cases [1]. Hypoalbuminemia has also been found to be a powerful 
indicator of increased risk of perioperative complications in elderly 
patients undergoing cardiac surgery, and a serum albumin less 
than 3.5 g/dl was found to be the most powerful predictor of 
postoperative renal dysfunction in those patients [2]. Accordingly, 
the aim of this study was first to determine the prevalence of renal 
insufficiency in patients with chronic liver disease at two inner city 
hospitals of Central Brooklyn, New York, and to examine whether 
hypoalbuminemia predicts future renal insufficiency in patients 
with chronic liver disease.

Methods
The study was a retrospective review of available consultations 

and laboratory values of patients with liver disease who had been 
evaluated by the Hepatology Service over a period of twelve months. 
Chronic liver disease was defined as an increased activity of liver 
associated enzymes, over the six months preceding the admission 
at which the first consultation was provided, and/or documented 
chronic liver disease by prior diagnosis with a liver biopsy or by 
documented history, with or without impaired synthetic liver 
function as suggested by low serum albumin concentration, and 
prolonged prothrombin time. Renal insufficiency was defined  

 
as a creatinine level of 1.5 mg/dl or more; the upper limit of 
normal reported by the institutional clinical laboratories. Patients 
with renal insufficiency were divided into three groups: Group 
I was comprised of patients in whom renal insufficiency was 
diagnosed before the diagnosis of chronic liver disease. In group 
II no, chronologic relation could be made between the timing of 
diagnosis of renal disease and that of liver disease: i.e. inability to 
determine which disease started first (i.e. renal versus liver), and 
in Group III renal insufficiency developed after the diagnosis of 
chronic liver disease was made. In group III patients, the serum 
albumin concentration was reviewed over the three months 
period prior to the documented onset of renal insufficiency, and 
an average serum albumin was calculated (ASA) and assessed 
as a predicting factor of renal insufficiency. To determine the 
prevalence of renal insufficiency, all patients with chronic liver 
disease were included in the analysis regardless of the time of 
occurrence of renal insufficiency in relation to the liver disease. 
Patients with liver and/or renal transplant as well as those who 
had renal insufficiency diagnosed before the onset of liver disease 
(group I patients) and/or documented to be caused by non-liver 
related conditions, as well as patients in whom the time of onset of 
renal insufficiency could not be determined in relation to the liver 
disease (group II patients), were not included in the analysis that 
assessed albumin as a predicting factor for renal insufficiency. The 
study was approved by the Institutional Review Board.

Statistical Analysis
The data were analyzed by linear discriminate analysis (LDA) to 

make predictions about group membership based on the values of 
albumin [3] and classification and regression tree methods (CART) 
to find the best “cutoff” point for the Albumin level [4].
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Results
94 patients met the inclusion criteria for chronic liver disease 

(Figure 1). 37 of these patients had renal insufficiency either acute 
with resolution or chronic persistent at any point in time in relation 
to their liver disease, leading to a prevalence of 39 %. (Figure 1). 
The number of patients with renal insufficiency in groups I, II 
and III were 3, 9 and 25, with a proportion of 8%, 24%, and 68% 
respectively (Figure 2). In group III serum albumin level was 
evaluated during the period extending up to 3 months prior to the 
onset of renal insufficiency, and average serum albumin (ASA) was 

calculated. 22 patients (88 %) had an ASA of =< 2.7g/dl, 16 patients 
(64 %) had an ASA =< 2.5 g/dl, 9 patients (36 %) had an ASA > 
2.5 g/dl, and only 3 patients (12 %) had an ASA > 2.7 g/dl, (Figure 
3 and Figure 4; group III patients). In contrast 57 (61 %) patients 
with chronic liver disease had no renal insufficiency at any point in 
time; most of these patients (42 i.e.74 %) had an ASA of > =2.7 g/dl, 
while only 15 patients (26 %) had an ASA of =< 2.7 g/dl, and 10 (17 
%) had an ASA of =< 2.5 g/dl, (Figure 3 and Figure 4; right boxes No 
RI). The sensitivity and specificity of an albumin of 2.7g/dl or less 
in predicting renal insufficiency was 88% and 73.6% respectively. 
And the positive predictive value was calculated at 59.5%.

Figure 1: Chart showing the total number of patients who met the criteria for CLD, and the prevalence of RI in these patients. 
CLD= Chronic Liver Disease. RI= Renal Insufficiency.

Figure 2: All 3 groups of patients with CLD and RI and their corresponding proportions. 
CLD= Chronic Liver Disease. RI= Renal Insufficiency.
Group I: RI was diagnosed before the diagnosis of CLD could be made. 
Group II: no chronologic relation could be made as to which disease started first (i.e. renal versus liver). 
Group III: RI developed after the diagnosis of CLD.
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Figure 3: Comparison of group III patients and patients with no RI when ASA cutoff is 2.7 g/dl.RI=Renal Insufficiency. 
ASA=Average Serum Albumin.
Group I: RI was diagnosed before the diagnosis of CLD could be made. 
Group II: no chronologic relation could be made as to which disease started first (i.e. renal versus liver). 
Group III: RI developed after the diagnosis of CLD.
No RI= No renal insufficiency.

Figure 4: Comparison of group III patients and patients with no RI when ASA cutoff is 2.5g/dl. RI=Renal Insufficiency. 
ASA=Average Serum Albumin.
Group I: RI was diagnosed before the diagnosis of CLD could be made. 
Group II: no chronologic relation could be made as to which disease started first (i.e. renal versus liver). 
Group III: RI developed after the diagnosis of CLD.
No RI= No renal insufficiency.

Conclusion
Renal insufficiency is highly prevalent in patients with 

chronic liver disease. Most of these patients developed their renal 
insufficiency after the diagnosis of chronic liver disease has been 
made and an average serum albumin level of 2.7 g/dl or less, over 
up to three months prior to the onset of renal failure, is a sensitive 
predictor of the future development of renal insufficiency in this 
group of patients.

Discussion
Our study shows a high prevalence (39%) of renal insufficiency 

in patients with chronic liver disease. Most of these patients (68%) 

developed their renal insufficiency after the diagnosis of chronic 
liver disease was made (Group III). In this particular group the 
majority of patients (88%) had an average serum albumin of 2.7 
g/dl or less over the period extending up to 3 months prior to the 
onset of renal insufficiency. In contrast most of the patients who 
had no renal insufficiency (74.1 %), had an average serum albumin 
of more than 2.7 g/dl. Several factors could have contributed to 
the high prevalence of renal insufficiency in our study. A major 
factor is the inclusion of patients with chronic as well as acute and 
subsequently resolving renal insufficiency. However even when 
renal insufficiency resolves, it is still a significant complication that 
should be accounted for in order to develop strategies to prevent 
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it. One other important factor that could have contributed to the 
high prevalence of renal insufficiency is the inclusion of patients 
regardless of the chronologic relation of the renal insufficiency to 
the liver disease. On the other hand, creatinine clearance could not 
be directly measured due to the inconsistent availability of 24-hour 
urine creatinine samples, nor indirectly calculated due to absence 
of documentation of some patients’ body weights and inaccuracy 
of lean body weights measurements in patients with ascites. 
Subsequently this might have underestimated the true prevalence 
of RI in patients with CLD, since many patients with decompensated 
liver disease have low muscle mass due to protein-poor diet, and 
diminished hepatic biosynthesis of creatine, a substrate for skeletal 
muscle production of creatinine, and as a result may have normal 
serum creatinine levels despite renal insufficiency. In fact several 
studies have shown that measurement of the serum creatinine level 
or estimating creatinine clearance or glomerular filtration rate 
using creatinine-based equations (e.g. Cockcroft-Gault formula) is 
an insensitive method for assessing renal function in ESLD patients 
[5-7], and ideally it has been suggested that the GFR in ESLD patients 
should be measured with inulin or studies using radioisotopes such 
as [125I] iothalamate or chromium S1-ethylene diaminetetraacetic 
acid or (51Cr-EDTA) clearance [8]. 

Identifying the etiology of renal insufficiency in patients with 
chronic liver disease is a major challenge and may often require 
renal biopsy. Hence traditionally specific renal diseases have 
been associated with well characterized liver pathologies; in this 
context, membranoproliferative glomerulonephritis (MPGN) 
has been described as a complication of chronic hepatitis C 
along with HCV related cryoglobulinemia [9,10]. Membranous 
and membranoproliferative glomerulonephritis (MPGN) are 
seen in patients with hepatitis B. IgA nephropathy is reported in 
association with alcoholic liver disease, and renal tubular acidosis in 
patients with Wilson’s disease and chronic cholestasis such as that 
secondary to primary biliary cirrhosis [11]. Diabetic nephropathy 
and nonalcoholic steatohepatitis (NASH) are commonly seen in 
the same patient. Sarcoidosis, characterized by the presence of 
non-caseating granulomas, affects mostly the lungs although liver 
involvement is common as well as renal disease, which is mainly 
related to hypercalcemia [12]. Hepatic involvement is present 
in over 90% of patients with systemic amyloidosis, and kidney 
involvement is the leading cause of death, occurring in up to half 
of these patients [13]. Acute tubular necrosis is well established in 
patients with shock who also develop ischemic liver injury. Aspirin 
which causes renal papillary necrosis and acute tubular necrosis is 
also known to induce dose-related liver damage [14,15]. In addition, 
any NSAID including selective cyclo-oxygenase (COX)-2 inhibitors 
such as celecoxib may trigger renal insufficiency in patients with 
liver disease by blocking prostaglandin production [16,17].

In addition to the conditions stated above, many chronic liver 
disease patients particularly those with decompensated cirrhosis 
are exposed to therapies and clinical circumstances that place them 
at risk for developing renal failure including invasive diagnostic 

procedures, imaging studies requiring nephrotoxic contrast 
dyes, nephrotoxic medications, and therapies leading to volume 
depletion. It is well known that albumin is a negative acute phase 
reactant and could be falsely low in inflammatory conditions. 
However, by studying the average serum albumin levels over a 
long period of time (i.e. up to 3 months) we attempted to overcome 
at least in part the effect of transiently low albumin levels that 
could be seen temporarily during phases of inflammation. Since 
renal insufficiency itself adds to the morbidity and mortality of 
patients with liver disease [18], predicting the development of 
renal insufficiency in patients with chronic liver disease would 
not only have an important prognostic value but also a therapeutic 
significance if measures could be implemented to prevent this 
complication. Hence since hypoalbuminemia is associated with 
decreased effective intravascular volume, and subsequently 
decreased renal perfusion, having identified a cutoff serum 
albumin concentration (2.7 g/dl) below which the risk of renal 
insufficiency becomes significantly elevated is an important finding 
in this study. The administration of albumin on a short term basis 
may be helpful to prevent renal insufficiency in patients with 
ascites undergoing large volume paracentesis [19], as well as in 
patients with hepatorenal syndrome and spontaneous bacterial 
peritonitis [20], thus, it is possible that albumin infusions have a 
similar beneficial effect on the renal function of patients with low 
serum albumin, regardless of the etiology of liver disease. However, 
the intravenous administration of albumin is not a practical long-
term option. Our observation of serum albumin level as a predictor 
of renal insufficiency needs to be confirmed and supported by 
controlled, large and prospective studies that may involve the 
identification of a predominant etiology of renal insufficiency, 
and the development of new strategies to reduce the risk of this 
complication. These strategies could include such simple measures 
as discontinuing potentially nephrotoxic medications, and assuring 
adequate hydration, or more complicated interventions such as 
short-term intravenous albumin administration or the evaluation 
of existing pharmacological treatments like vasoconstrictors 
as midodrine, or terlipressin [21] that would improve systemic 
hemodynamics. Finally since a large proportion of patients with 
chronic liver disease are nowadays being managed at least in the 
initial stages by internists and primary care physicians, awareness 
of the risk of renal damage in these patients, and knowing how to 
predict that risk and managing it after it develops, may all need to 
become an integral part of the role of these physicians.
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