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Abstract
Congestion is an integral component of cardiorenal syn-
drome and portends an adverse impact on the outcomes. 
Recent studies suggest that congestion has the ability of 

modulating the interactions between the kidney and the 
heart in this setting. Peritoneal dialysis (PD) is a home-
based therapeutic modality that is not only offered to 
patients with end-stage renal disease to provide solute 
clearance and ultrafiltration, but it has also been used in 
patients with refractory heart failure and fluid overload to 
help optimize volume status. Several uncontrolled studies 
and case series have so far evaluated the role of PD in 
management of hypervolemia for patients with heart 
failure. They have generally reported favorable results 
in this setting. However, the data on the outcomes of 
patients with end-stage renal disease and concomitant 
heart failure is mixed, and the proposed theoretical 
advantages of PD might not translate into improved 
clinical endpoints. Congestion is prevalent in this patient 
population and has a significant effect on their survival. 
As studies suggest that a significant subset of patients 
with end-stage renal disease who receive PD therapy are 
hypervolemic, suboptimal management of congestion 
could at least in part explain these conflicting results. PD 
is a highly flexible therapeutic modality and the choice of 
techniques, regimens, and solutions can affect its ability 
for optimization of fluid status. This article provides an 
overview of the currently available data on the role and 
clinical relevance of congestion in patients with cardiorenal 
syndrome and reviews potential options to enhance 
decongestion in these patients. 

Key words: Heart failure; Peritoneal dialysis; Congestion; 
Cardiorenal syndrome 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Congestion has been recognized as a dynamic 
state capable of modulating the interactions between 
the heart and the kidney in patients with cardiorenal 
syndrome. Optimization of volume status could significantly 
affect the outcomes of patients treated with peritoneal 
dialysis (PD) patients for end-stage renal disease and 
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pre-existing heart failure. Since PD is a highly modifiable 
therapeutic modality, it is conceivable that a regimen 
customized to the clinical characteristics and needs of the 
patients could improve their outcomes through efficient 
decongestion and optimization of volume status. 

Kazory A. Fluid overload as a major target in management of 
cardiorenal syndrome: Implications for the practice of peritoneal 
dialysis. World J Nephrol 2017; 6(4): 168-175  Available from: 
URL: http://www.wjgnet.com/2220-6124/full/v6/i4/168.htm  
DOI: http://dx.doi.org/10.5527/wjn.v6.i4.168

INTRODUCTION
Heart failure (HF) is a public health problem due to 
its increasing prevalence, associated morbidity, high 
mortality, and a remarkable financial burden on the 
healthcare system. Prevalence of HF increases with 
age; it is currently one of the most common chronic 
conditions with a lifetime prevalence reaching 20%-33% 
in the United States[1]. Despite advancements in 
diagnosis and treatment, the HF population is expected 
to expand to more than 8 million by 2030 due to the 
increase in the proportion of aging population as well 
as the improving number of patients surviving ischemic 
events[2].

Congestion is the hallmark of HF, is the primary 
reason for hospitalization of these patients, and can 
contribute to HF progression[3]. Renal dysfunction 
is a prevalent clinical finding in HF and portends an 
untoward impact on potential management options, 
course, and outcome. The population of patients pre-
senting with both heart failure and chronic kidney 
disease [i.e., cardiorenal syndrome (CRS)] is large 
and steadily growing[3,4]. The pathophysiology of HF 
is complex as there exist a multitude of mechanisms 
by which the heart and the kidneys interact in the 
setting of cardiac dysfunction. Congestion can directly 
affect the interactions between the kidney and the 
heart in CRS[4]. Indeed, several studies have so far 
highlighted the clinical significance of congestion, rather 
than renal dysfunction, as the primary driver of the 
adverse outcomes in patients with CRS. For example, 
in a study on 594 patients with acute HF, patients with 
concomitant congestion and deterioration in renal 
function had the worst outcomes while worsening 
kidney function alone (without lingering congestion) 
showed no adverse impact[5]. Similarly, in a study on 
HF patients who were admitted to the hospital for 
congestion, those with hemoconcentration (proxy for 
decongestion) presented more often with deterioration 
in renal function but their outcome (i.e., time to death) 
was still significantly improved compared to those who 
did not experience hemoconcentration during their 
hospitalization[6]. 

FLUID OVERLOAD IN CRS 
In chronic CRS, the maladaptive mechanisms in-
volved in HF, whether in the form of low forward flow 
or high backward pressure, could ultimately result 
in diminished water and sodium excretion, lingering 
venous congestion, endothelial cell activation, systemic 
inflammation, and progressive deterioration in renal 
function to the point of renal failure and end-stage 
renal disease (ESRD)[7]. In a subset of patients with HF, 
reduced cardiac output and fluid redistribution result in 
decreased renal perfusion. The aberrant compensatory 
mechanisms such as activation of the sympathetic 
nervous system, renin-angiotensin-aldosterone axis, and 
arginine vasopressin lead to enhanced renal water and 
sodium absorption in an effort to preserve renal perfusion, 
transglomerular pressure, and glomerular filtration 
rate. However, at long term, these mechanisms could 
induce deleterious effects on the heart and the kidney 
by promoting fibrosis, apoptosis, oxidative stress, 
activation of inflammatory mechanisms, and ventricular 
remodeling[8,9]. A number of studies have also found 
an association between high venous pressures and 
deterioration in renal function that could be even 
stronger than the impact of arterial blood pressure or 
cardiac index on renal function[10,11]. Increased pressure 
along renal veins is thought to reduce the net pressure 
gradient across the glomerulus leading to a decrease 
in glomerular filtration rate, diminished renal excretion 
of water and sodium, and progressively worsening 
congestion[10].   

Hence, systemic congestion is a key target in 
management of these patients, and its relief is con-
sidered a treatment success. Control of congestion not 
only is associated with improvement in clinical outcomes 
and reduction in the rate of hospitalization, but could 
also prevent progression of kidney disease associated 
with renal venous congestion[12].

While high dose intravenous diuretics remain the 
cornerstone of decongestive therapy in patients with 
acute HF and acute CRS, extracorporeal ultrafiltration 
has recently re-emerged as a potential alternative in 
this setting with a number of proposed advantages 
such as effective and predictable fluid removal, 
efficient sodium extraction, and reduction in the rate 
of re-hospitalization[13,14]. In the setting of chronic 
CRS, the studies have mainly focused on improving 
cardiac function, whether through medications or 
devices. The currently available pharmacologic options 
for decongestion are limited to diuretics that have 
been in use for several decades as well as the newly 
marketed neprilysin inhibitors[15]. However, the use of 
diuretics in HF remains largely empirical, with potential 
disadvantages and untoward effects such as variable 
dose-response rate and diuretic resistance[16]. Moreover, 
a number of practical aspects of their use such as 
concomitant administration of loop and distal diuretics 
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remain elusive, and an association between high doses 
of loop diuretics and adverse outcomes has also been 
proposed by observational studies[17].  

Peritoneal dialysis (PD) represents an intriguing 
home-based therapeutic option that provides the pos-
sibility of continuous, gentle, and customized removal 
of excess fluid and sodium in patients with HF who 
commonly present with various degrees of renal 
dysfunction. Herein, we explore the studies on the role 
of PD in management of CRS in two subsets of CRS 
patients separately; those non-ESRD patients with 
concomitant HF and chronic kidney disease (CKD) in 
whom PD is primarily used as an ultrafiltration modality 
for relief of refractory congestion rather than solute 
clearance, and those patients with HF and concomitant 
ESRD who have selected PD as a modality for chronic 
renal replacement therapy.

CKD and HF
Several studies so far have evaluated the role of PD 
in patients with chronic CRS and refractory volume 
overload in whom renal dysfunction is not severe 
enough to necessitate dialysis therapy for clearance 
of solutes. These trials have in general reported 
favorable outcomes. In a prospective single-center 
study including 118 patients with severe HF [New York 
Heart Association (NYHA) class Ⅲ and Ⅳ], Koch et al[18] 
evaluated the impact of intermittent automated PD 
(APD) therapy performed at least three times per week 
for 12 h per session. Mean baseline creatinine clearance 
was 19.2 mL/min and the patients were followed 
for slightly more than a year. The clinical symptoms 
of HF improved after starting PD as evidenced by 
improvement in the NYHA class at 6 mo, and fluid 
overload was also significantly reduced as shown by 
reduction in body weight from 78.7 to 74.7 kg (P < 
0.001). In another prospective study, PD therapy was 
used for management of 25 patients with HF (NYHA 
class Ⅲ/Ⅳ), CKD, persistent fluid overload, and at 
least two previous hospitalizations for acute HF[19]. 
The mean daily peritoneal ultrafiltration was 679 mL; 
PD was associated with significant improvement in 
the Minnesota Living With Heart Failure Questionnaire 
and NYHA class at 6 and 24 wk. An 84% reduction in 
the number of hospitalized days for acute HF was also 
observed. Later, Courivaud et al[20] published the largest 
study to-date in this field that included 126 patients 
with refractory HF. The mean estimated glomerular 
filtration rate was 33.5 mL/min per 1.73 m2 and the 
mean duration on PD was 16 mo. During the first year 
of PD therapy, left ventricular ejection fraction improved 
significantly (38% at baseline vs 42% at 1 year, P = 
0.001). The striking observation of the study was that 
PD therapy was associated with a 90% reduction in the 
duration of HF-related hospitalization (3.3 d/patient-
month before PD vs 0.3 d/patient-month after PD, P 
< 0.0001). Recently, a meta-analysis of the studies on 
the use of PD in refractory HF reported that PD was 
associated with a significant decline in hospitalization 

days and improvement in cardiac function defined by 
left ventricular ejection fraction and NYHA class[21]. Since 
congestion is the primary reason for hospitalization of 
patients with HF, the improvement in the hospitalization 
of these patients implies better management of fluid 
overload by PD. It can also have an important impact 
on the cost related to inpatient care of these patients. 
Overall, the currently available data suggest that PD is a 
clinically-relevant therapeutic option for removal of fluid 
in patients with chronic CRS who present with persistent 
congestion despite optimal medical therapy. Finally, it is 
notable that the favorable results of these studies are 
evident despite typical use of PD as the “last resort” for 
patients refractory to conventional therapies.

The studies on the role of PD in chronic CRS have 
three major limitations: Lack of a reasonably matched 
control group, relatively short follow-up periods, and 
the possibility of a publication bias. A major concern 
regarding the use of PD in this patient population has 
long been that its morbidity might replace that of HF. 
In modern practice, with an acceptably low incidence 
of PD-related complications, this concern appears to 
be less relevant. Moreover, those studies that assessed 
the quality of life of the patients reported significant 
improvement after initiation of PD[22]. Concerning the 
impact on survival, there is no conclusive evidence 
to this date to suggest that PD could indeed alter the 
natural course of the disease state although there have 
been reports of improvement in cardiac function[20]. 

ESRD and HF
For those CRS patients in whom renal dysfunction 
progresses to ESRD, fluid removal can be achieved 
through either hemodialysis (extracorporeal ultra-
filtration) or PD (intracorporeal ultrafiltration). A number 
of advantages have been proposed for PD in this 
setting such as gentle and continuous fluid and solute 
removal being less likely to exacerbate neurohormonal 
activation as well as better preservation of residual 
renal function[23-25]. Importantly, it has been shown 
that patients undergoing fluid removal by hemodialysis 
experience myocardial stunning (i.e., persistent left 
ventricular dysfunction due to repeated transient 
demand myocardial ischemia) even in the absence of 
angiographically significant coronary artery disease[26]. 
Myocardial stunning at long run can lead to progression 
of HF via development of fixed systolic dysfunction[27]. 
It has been shown that PD is not associated with 
myocardial stunning and hence would be less likely to 
lead to progression of HF in ESRD patients[28]. 

Despite theoretical advantages of PD therapy in 
patients with ESRD and HF, studies have so far yielded 
conflicting results. Panday et al[29] retrospectively 
compared the outcomes of 139 ESRD patients with 
concomitant HF, and reported no difference in 2-year 
mortality, cardiac outcomes, or hospitalization between 
PD and hemodialysis. Two large registry-based studies 
on ESRD population (one from United States and 
one from France) found that PD can be associated 
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with an even increased risk of mortality compared to 
hemodialysis in HF patients while these two modalities 
are associated with similar outcomes in ESRD patients 
without HF[30,31]. Similarly, in a study on National Health 
Insurance Research Database in Taiwan including 
more than 35000 patients, Wang et al[32] reported 
that PD was associated with inferior survival in ESRD 
patients with concomitant HF. It is not clear whether 
these findings are related to unexplored underlying 
mechanisms, the interplay of a number of well-known 
factors [e.g., difficulty in management of volume status 
in ESRD patients with reduced residual renal function 
(RRF)], or could possibly reflect the inherent limitations 
of the registry-based data analysis (e.g., treatment-by-
indication bias). On the other hand, in a registry study 
from Lombardy in Italy, Locatelli et al. reported that the 
risk of de novo cardiovascular disease (HF and coronary 
artery disease) was similar between hemodialysis 
and PD[33]. More recently, a study based on Taiwanese 
national registry including more than 45000 patients 
with ESRD found that the risk of de novo HF in patients 
receiving hemodialysis is 29% higher than those 
undergoing PD therapy (CI: 1.13-1.47, P < 0.001) 
although the advantage seemed to disappear over 
time[34,35]. 

Despite the fact that the data is mixed, altogether 
they imply that the impact of PD as a dialysis modality 
on the outcomes of ESRD patients with “pre-existing 
HF” might be different from those without HF. 

VOLUME STATUS IN ESRD - FOCUS ON 
PD
Fluid overload is a prevalent finding in patients with 
renal dysfunction and is associated with adverse 
cardiovascular outcomes[36,37]. Recently, a multicenter 
study on more than 1000 incident PD patients revealed 
that fluid overload is present already at baseline 
when they start PD therapy[38]. Using bioimpedance 
spectroscopy, the investigators found that the median 
fluid overload was 2 L, and less than half of the patients 
(38.7%) were indeed euvolemic; 25.1% of the patient 
population also had HF. Unfortunately, initiation of 
PD therapy does not seem to markedly improve fluid 
overload in patients with ESRD; congestion appears 
to remain a prevalent problem in a subset of PD 
population. For example, in the multicenter cross 
sectional European Body Composition Monitoring 
(EuroBCM) study that included 639 patients receiving 
PD therapy (mean time on PD 32.6 mo), only 40% 
were found to be euvolemic[39]. Extracellular fluid 
volume expansion in PD patients has been shown to 
be directly associated with increase in inflammatory 
markers, an established underlying mechanism for 
deterioration in cardiac function[40,41]. This could in part 
explain the unexpected outcomes of ESRD patients with 
pre-existing HF who choose PD for renal replacement 
therapy. 

In recent years, there has been a renewed interest 
in the concept of optimization of fluid status in patients 
receiving renal replacement therapy due to the re-
cognition of its significant impact on survival[42,43]. 
Overhydration is associated with hypertension, left 
ventricular hypertrophy, and increased mortality in PD 
patients[44]. Moreover, high serum levels of pro-B type 
natriuretic peptide (BNP), a surrogate for fluid overload, 
is an independent predictor of mortality in these 
patients[45]. To examine whether fluid overload per se 
is associated with poor outcomes in PD population or 
it merely reflects potential untoward effects of other 
comorbidities such as HF, Jotterand Drepper et al[46] 
studied 54 prevalent PD patients and found that 
overhydration was a strong and independent predictor 
of mortality after adjustment for cardiac function 
(relative hazard of 7.8). Similarly, in a study on 529 
PD patients, O’Lone et al[47] found that overhydration 
measured by bioimpedance spectroscopy is an 
independent predictor of mortality. 

HYDRATION STATUS AND RESIDUAL 
RENAL FUNCTION
Since RRF has been reported to be associated with 
reduced mortality in PD patients, preservation of RRF 
has become one of the major goals in management 
of patients receiving PD therapy[48]. The apparent 
importance of RRF is likely a proxy for adequate volume 
control in these patients. Since intravascular volume 
depletion could lead to a loss of RRF, it has been 
suggested that PD patients should avoid intravascular 
volume depletion and preferably be maintained hyper-
volemic to help preserve RRF. However, in an interesting 
study on 237 ESRD patients, McCafferty et al[49] 
showed that extracellular volume expansion measured 
by bioimpedance did not have any association with 
preservation of RRF. Moreover, correction of severe 
overhydration does not seem to result in a significant 
drop in RRF[50]. Therefore, based on currently available 
data, overhydration in the setting of PD therapy could 
increase the risk of cardiac dysfunction and adverse 
outcomes without an apparent beneficial impact on 
preservation of RRF. 

VOLUME STATUS VS SOLUTE 
CLEARANCE
The clinical relevance of fluid overload and its impact 
on the outcomes in the setting of PD is to the point that 
euvolemia is likely to be even more important than 
small solute clearance as a marker of dialysis adequacy 
because fluid overload, but not small solute clearance, 
could predict outcomes[45,51]. In the landmark Canada-
United States study that included 601 PD patients, urine 
volume superseded renal small solute clearance as a 
predictor of mortality; every 250 mL increment in urine 
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volume was associated with a 36% reduction in the risk 
of death[48]. In an interesting study on 125 PD patients, 
Ateş et al[52] showed that total sodium and fluid 
removal were independent factors affecting survival 
while Kt/Vurea and total creatinine clearance were not. 
Similarly, in the European Automated Peritoneal Dialysis 
Outcome Study, the survival of 177 anuric patients 
who were treated with PD was associated with baseline 
ultrafiltration, but not with clearance of creatinine or 
membrane permeability status[53].

DECONGESTION: SODIUM VS WATER
The common pathway for several maladaptive 
mechanisms involved in the development of HF is 
aberrancy in renal excretion of sodium with resultant 
extracellular fluid expansion. Since sodium is the 
main determinant of extracellular fluid volume, any 
therapeutic modality with greater ability for extraction 
of sodium will be advantageous in the setting of HF and 
volume overload. In a landmark study on vasopressin 
antagonists, addition of a vasopressin receptor anta-
gonist to standard therapy of HF (with subsequent 
enhanced sodium-free water excretion) failed to 
reduce all-cause mortality, cardiovascular death, or 
re-hospitalization despite significant decongestion, 
highlighting the paramount role of sodium removal in 
this setting[54]. When applying therapeutic modalities for 
management of fluid overload, this distinction should 
be taken into consideration. In the PD therapy, during 
the first 60-90 min of the intraperitoneal dwell of the 
dextrose-containing PD solution, rapid transport of 
solute-free water takes place across the aquaporins 
while the remaining solute-rich water moves much 
more slowly through the small pores of the peritoneal 
membrane. Hence, the initial dissociation between the 
rate of water and sodium transport into the peritoneal 
cavity results in an early drop in the concentration 
of dialysate sodium, called sodium sieving. The slow 
diffusive movement of sodium continues and, if the 
dwell is long enough, the concentration of sodium in the 
dialysate will eventually approach that of serum. These 
mechanistic considerations should be accounted for 
when PD therapy is offered to ESRD patients with HF as 
there seem to be significant variations in the ability of 
this therapy for fluid and sodium removal based on the 
techniques as well as the regimens that are selected.

DECONGESTION: CAPD VS APD
The concept of sodium sieving is clinically relevant in 
that shorter dwells, such as those typically achieved 
with APD, might not provide enough time for adequate 
extraction of sodium; they could mainly result in 
removal of sodium-free water and lead to reduced net 
sodium removal and progressive congestion at long 
run. Longer dwells, such as those typically provided 
by continuous ambulatory peritoneal dialysis (CAPD), 
might be advantageous in the setting where sodium 

removal is the primary target (i.e., patients with HF 
and volume overload). In a study on 141 PD patients, 
sodium removal was found to be significantly greater 
in those receiving CAPD compared to APD group, 
and switching techniques from CAPD to APD led to 
significant reduction in sodium removal[55]. In another 
study, BNP (a surrogate for volume status) and left 
ventricular mass were reported to be significantly 
higher in the APD patients compared with CAPD[56]. It 
should however be noted that several other factors such 
as the PD solutions and the regimens as well as the 
clinical characteristics and dietary habits of the patients 
can affect these results. For example, in a study on 158 
prevalent PD patients (90 CAPD, 68 APD), Davison et 
al[57] used bioimpedance spectroscopy to assess and 
compare the hydration status of the patients. They 
reported no difference between APD and CAPD with 
regard to the ratio of extracellular fluid volume to total 
body water. Mean total daily removal of sodium was 
109 mmol for patients on CAPD and 130 mmol for APD 
(P = 0.23). Among CAPD patients, 41% had a sodium 
removal of less than 100 mmol/d compared to 33.8% 
in the APD group (P = 0.36). Blood pressure was also 
similar in the two groups. The results of this study can 
be in part explained by the fact that nearly 80% of the 
APD patients were on icodextrin for their long daytime 
dwell (hence improving fluid management), and also 
the number of nocturnal exchanges were decreased (i.e., 
allowing for longer dwells and less sodium sieving).      

ENHANCING SODIUM REMOVAL
Since sodium concentration of most conventional PD 
solutions (i.e., 132 mmol/L) is close to that of serum, 
sodium removal is mainly convective; diffusion does 
not typically play an important role in this setting. In 
an attempt to improve sodium extraction through 
increased diffusion gradient, a number of studies have 
evaluated the impact of low-sodium PD solutions on 
various endpoints. For example, in a recent randomized 
controlled trial on 108 patients, Rutkowski et al[58] used 
PD solution containing 125 mmol/L of sodium and 
compared it with the control group. They found that 
low-sodium solution could significantly increase sodium 
removal (by 1.1 g/d, P < 0.001) and improve blood 
pressure control. Although low-sodium solutions can 
prove helpful in specific settings and select patients (i.e., 
those with HF), their widespread use is hindered by a 
number of factors such as reduced osmolality of the 
solution and consequent decrease in ultrafiltration thus 
offsetting their benefit.

APD, once used mainly for patients who were 
rapid transporters, has become the modality of choice 
by many patients and physicians in the developed 
countries due to it being not only convenient and 
adaptable to the lifestyle of patients but also modifiable 
to fit a wide range of clinical characteristics and needs. 
In the United States, more than 70% of patients are 
treated with this technique[59]. As previously mentioned, 
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there is concern with regard to the ability of APD to 
adequately extract sodium and to address congestion 
in these patients. There are a number of strategies 
that are based on the mechanisms of water and 
solute transport in PD and can potentially improve 
fluid and sodium extraction by APD. This could be of 
special importance in specific clinical settings such as 
HF where decongestion, rather than clearance, is the 
primary target of this therapy. Decreasing the number 
of nocturnal cycles could increase the dwell time hence 
reducing sodium sieving. This is likely to improve 
sodium removal and, if the patient is on low sodium 
diet, could provide negative or even sodium balance 
especially through concomitant use of loop diuretics 
for those with significant RRF. Adding an exchange in 
the evening for select APD patients (i.e., those with 
slow peritoneal transport characteristics) could also 
ensure adequate small solute clearance while further 
increasing sodium removal. Use of icodextrin, a high 
molecular weight glucose polymer developed specifically 
for use as an alternative osmotic agent to dextrose 
during the once-daily long-dwell exchange, allows for 
sustained fluid removal and optimization of volume 
status due to reduced back diffusion[60]. Icodextrin has 
the advantage that it does not activate aquaporins; all 
the ultrafiltration takes place at the intercellular small 
pores where sodium fluxes with water (i.e., no sodium 
sieving). This process allows for more efficient sodium 
removal compared to an equal volume of ultrafiltration 
with a dextrose-based solution. Therefore, icodextrin 
could prove helpful in clinical settings such as HF where 
enhanced sodium removal is of particular importance. 
In a multicenter randomized controlled trial on 50 
PD patients with urine volume of less than 750 mL/d 
and high solute transport, Davies et al[61] reported an 
average increase of 61.7 mmol in daily sodium removal 
and an average increase of 399 mL in ultrafiltration 
in patients receiving icodextrin instead of a glucose-
based solution. Basile et al[62] reported their experience 
with the use of icodextrin (1 to 2 exchanges a night) in 
patients with end-stage HF and severe volume overload 
over a follow up period of 2 years. After starting PD, 
the patients experienced a significant decrease in their 
mean weight by 11.3 kg (P < 0.007), an increase in 
urine output (from 587 to 1700 mL/d, P < 0.003), and 
significant reduction in the number of days hospitalized 
for HF (from 4.4 to 0.7 d/mo, P < 0.04). Therefore, 
the initial results with the use of icodextrin seem to 
be promising. A combination of the above-mentioned 
strategies (simultaneous or successive) could be used 
to enhance effective sodium removal by APD and help 
further improve patients’ volume status. Whether these 
approaches would translate to better outcomes is to be 
determined by future studies.

CONCLUSION
While lingering congestion remains an unresolved issue 
in a significant subset of patients with CRS, PD therapy 

has been offered as a clinically-relevant alternative to 
conventional therapies for optimization of volume. In 
those patients who present with ESRD and pre-existing 
HF, there is mixed data with regard to the role of PD 
therapy and its impact on survival. Whether this is 
related to suboptimal management of overhydration 
or other factors remains elusive. Optimization of 
volume status appears to be at least as important as 
providing clearance in patients receiving PD therapy, 
and sodium removal plays an integral role in this regard 
especially in those with concomitant HF. Clinicians could 
take advantage of the known strategies to enhance 
extraction of sodium-rich effluent in these patients. 
Future studies are needed to assess whether these 
methods would indeed lead to improvement of the 
outcomes. 
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Abstract
Our meta-analysis published in 2010 provided evidence 
that low levels of serum albumin (hypoalbuminemia) are 
a significant independent predictor of acute kidney injury 
(AKI) and death following AKI. Since then, a large volume 
of additional data from observational clinical studies has 
been published further evaluating the relationship between 
serum albumin and AKI occurrence. This is an updated 
review of the literature to re-evaluate the hypothesis 
that hypoalbuminemia is independently associated 
with increased AKI risk. Eligible studies published from 
September 2009 to December 2016 were sought in 
PubMed (MEDLINE) and forty-three were retained, the 
great majority being retrospective observational cohort 
studies. These included a total of about 68000 subjects 
across a diverse range of settings, predominantly cardiac 
surgery and acute coronary interventions, infectious 
diseases, transplant surgery, and cancer. Appraisal of 
this latest data set served to conclusively corroborate 
and confirm our earlier hypothesis that lower serum 
albumin is an independent predictor both of AKI and 
death after AKI, across a range of clinical scenarios. The 
body of evidence indicates that hypoalbuminemia may 
causally contribute to development of AKI. Furthermore, 
administration of human albumin solution has the po-
tential to prevent AKI; a randomized, controlled study 
provides evidence that correcting hypoalbuminemia may 
be renal-protective. Therefore, measurement of serum 
albumin to diagnose hypoalbuminemia may help identify 
high-risk patients who may benefit from treatment with 
exogenous human albumin. Multi-center, prospective, 
randomized, interventional studies are warranted, along 
with basic research to define the mechanisms through 
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Core tip: The relationship between hypoalbuminemia and 
acute kidney injury (AKI)-related morbidity/mortality is 
now confirmed. This association is consistently evident 
in a wealth of observational studies conducted across a 
wide range of clinical settings, and suggests a causal link. 
Prospective studies adequately powered to assess severe 
AKI, mortality and causality are needed, as is evaluation 
of the trigger and appropriate target serum levels and 
albumin dose necessary to confer renal protection. Basic 
research is also warranted to define the mechanisms 
through which albumin affords nephroprotection. Serum 
albumin should be measured to identify patients with 
increased AKI risk who may benefit from treatment 
correcting underlying hypoalbuminemia.

Wiedermann CJ, Wiedermann W, Joannidis M. Causal rela-
tionship between hypoalbuminemia and acute kidney injury. 
World J Nephrol 2017; 6(4): 176-187  Available from: URL: 
http://www.wjgnet.com/2220-6124/full/v6/i4/176.htm  DOI: 
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INTRODUCTION
Acute kidney injury (AKI), formerly referred to as acute 
renal failure (ARF), is a syndrome in which kidney 
function deteriorates rapidly over a period of hours or 
days. It is characterized by increased serum creatinine 
level (of ≥ 0.3 mg/dL in 48 h and/or 1.5-fold within 7 d) 
and decreased urine output. The staging system for AKI 
has evolved from the risk, injury, failure, loss of kidney 
function, and end-stage kidney disease (RIFLE) criteria, 
to the acute kidney injury network (AKIN) scheme, and 
most recently to the Kidney Disease Improving Global 
Outcomes (KDIGO) score (for a review of AKI diagnosis, 
see[1]).

AKI is an acute systemic disease with major con-
sequences for other organs besides the kidney, and 
is associated with significant short-term effects (e.g., 
fluid, electrolyte, and acid-base abnormalities, uremic 
toxin accumulation, cytokine elevation, systemic 
inflammation) and long-term adverse outcomes (e.g., 
myocardial infarction, chronic kidney disease, end-
stage renal disease, mortality)[2,3]. Need for dialysis and 
transplantation are increased, as is length of hospital 
stay[4,5].

AKI is recognized as a major global health problem, 
with increasing incidence in both high- and low-income 
nations, and high associated healthcare costs[6,7]. It is 
a common disorder encountered in multiple settings, 

occurring in 21% of hospital admissions worldwide 
and in more than 13 million people each year[5], es-
pecially critically ill patients[1], where incidence rates 
well above 50% were reported in the recent pros-
pective AKI-EPI study[8]. The International Society of 
Nephrology’s 0by25 initiative sets out a framework to 
eradicate preventable death from AKI by 2025 based on 
the 5 Rs: Risk, Recognition, Response, Renal Support, 
and Rehabilitation[5]. 

The etiology of AKI includes community-acquired 
causes (common in developing countries), such as 
infections (malaria, dengue, gastroenteritis, pneumonia), 
acute glomerular disease, underlying chronic disease 
(kidney, cardiac, diabetes), and trauma, as well as 
hospital-acquired causes (especially in industrialized 
nations), such as surgery, hemorrhage, infection, septic 
shock, drug toxicity, and underlying chronic disease 
(reviewed in[7]). The pathogenesis of AKI is multifactorial 
and several risk factors have been identified, both 
modifiable (e.g., dehydration, intravascular volume 
depletion, hypotension, anemia, hypoxia, body mass 
index) and non-modifiable (e.g., age, sex, prior invasive 
procedures, high-risk surgery, and comorbid disorders 
such as cancer and lung, liver or gastrointestinal dis-
ease)[5,9].

Hypoalbuminemia, or low levels of serum albumin 
(often defined as < 3.5-4.0 g/dL or ≤ 3.5 mmol/L), 
is a well-established risk factor for increased morbidity 
and mortality[10] and has also been associated with an 
increased risk of AKI occurrence; it is modifiable by 
infusion of human albumin solution. Our systematic 
review and meta-analysis published in 2010 found 
evidence, from observational studies in surgical and 
ICU patients, that low serum albumin is a significant 
independent predictor of AKI [pooled odds ratio (OR) 
= 2.34, 95%CI: 1.74-3.14] and of death following AKI 
(pooled OR = 2.47, 95%CI: 1.51-4.05)[9]. 

Since then, a large volume of additional clinical data 
has been published on hypoalbuminemia and AKI, across 
an expanded range of settings. Therefore, we performed 
an updated review of the literature to define the role 
of hypoalbuminemia and albumin administration in the 
development and prevention of AKI. Detailed discussion 
of the potential nephroprotective mechanisms of albumin 
is beyond the scope of the present review but was the 
subject of a separate review[11].

RESEARCH
Literature was sourced by conducting a systematic 
search of the PubMed (MEDLINE) database using 
phrases and synonyms for “kidney injury”, “albumin”, 
“hypoalbuminemia” and “mortality” (Table 1). The 
search was limited to articles published from September 
2009 to December 2016 (inclusive), i.e., since the 
end of the search period used in our 2010 systematic 
review[9].

Only studies meeting the following selection criteria 
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were retained for inclusion in the present review: 
Reported original data on associations between serum 
albumin levels (absolute levels, variously defined by 
authors as < 3.5 or < 3.0 or < 2.5 g/dL, or percentage 
prevalence of hypoalbuminemia) and the development 
of AKI (during the different observation periods, 
depending on the indication), or on mortality in patients 
with both AKI and hypoalbuminemia.

From included studies, data were extracted on 
clinical setting/population, study design and size, 
assessment of albumin levels/hypoalbuminemia, AKI 
occurrence/risk, and mortality (Tables 2-5).

INCLUDED STUDIES
Our search retrieved a total of 206 entries on PubMed 
(MEDLINE). The titles and abstracts of all hits were 
screened and research articles that did not report 
relevant data as stated in the selection criteria were 
discarded, along with any review/opinion articles. A total 
of 43 research articles were retained for inclusion in the 
present review (Figure 1). The great majority of these 
were retrospective in nature (37 of 43 studies), except 

for a single interventional randomized controlled trial 
(RCT), conducted in off-pump coronary artery bypass 
(OPCAB) surgery, and five prospective observational 
studies: Two in cardiac settings, one in HIV-infected 
patients, one in liver transplant recipients, and one 
in patients with hepatocellular carcinoma (HCC) with 
ascites. In total, the data set comprises approximately 
68000 patients across a range of clinical settings, as 
described and discussed below.

CARDIAC SURGERY AND ACUTE 
CORONARY INTERVENTIONS
AKI is a common complication following cardiac surgery, 
and is associated with significant morbidity, mortality, 
and hospital costs (reviewed in[12]). We identified eight 
studies, involving more than 4000 subjects, which 
explored the role of albumin in AKI occurring after 
cardiac surgery or coronary intervention (Table 2).

In the only interventional drug study among the 
43 retained articles, Lee et al[13] recently performed 
a single-center, randomized, parallel-arm, double-
blind trial which evaluated the effects of exogenous 
20% human albumin solution vs saline on the in-
cidence of postoperative AKI in adult patients with 
hypoalbuminemia (< 4.0 g/dL) undergoing off-pump 
coronary artery bypass (OPCAB) surgery. Dose was 
100, 200, or 300 mL immediately before surgery, 
stratified according to preoperative serum albumin 
level of 3.5-3.9, 3.0-3.4, or < 3.0 g/dL, respectively. 
In the saline group, rate of postoperative AKI (KDIGO-
criteria patients) appeared to increase as postoperative 
serum albumin level decreased (29.5%, 31.1%, 41.7% 
for 3.5-3.9, 3.0-3.4, < 3.0 g/dL, respectively). The 
incidence of postoperative AKI (KDIGO criteria) was 

Table 1  PubMed (MEDLINE) search strategy

1 Search: "acute kidney injury" OR AKI OR "acute renal failure" OR 
ARF
2 Search: mortality OR survival OR death
3 Search: "serum albumin" OR hypoalbuminemia* OR 
hypoalbuminaemia*
4 Filter: Publication date from 2009/09/01 to 2016/12/31
5 Search: #1 AND #2 AND #3 AND #4

The search was conducted without applying restrictions to language or 
publication type.

Records identified through
PubMed (MEDLINE) search
n  = 206

Records excluded as per 
selection criteria
n  = 163

Studies retained for 
inclusion in review
n = 43

Cardiac               Infection             Transplant             Cancer                 Other                 Total

No. of studies                   8                        8                        6                          6                     15                       43

PRO, INT                          1                        -                         -                          -                        -                         1

PRO, OBS                         2                        1                         1                          1                       -                         5

RET, OBS                          5                        7                         5                         5                      15                      37

Total studies                4344                   5623                    5032                    7028                 46235                 68262

Figure 1  Flow diagram summarizing the literature screening and the designs and settings of the included studies. The numbers presented for the sizes of the 
data sets include control populations and do not represent only patients with acute kidney injury/acute renal failure and/or hypoalbuminemia. OBS: Observational; INT: 
Interventional; PRO: Prospective; RET: Retrospective.
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lower in the albumin group compared with the saline group (17.6% vs 31.7%; P = 0.031). Multivariate 

Table 2  Included studies on cardiac surgery and acute coronary interventions

Ref. Population/
setting

Study design Overall study 
size

Albumin measurement Hypoalbuminemia-related outcomes

AKI/ARF Mortality

Lee et al[13] OPCAB 
surgery

Prospective RCT 220 Postoperative albumin 
3.5-3.9 vs < 3.0 g/dL

Increased rate: 29.5% vs 41.7%. 
AKI rate lower with albumin 

vs control (13.7% vs 25.7%; P = 
0.048)

ND

Grodin et al[20] Acute heart 
failure

Prospective, observational 456 Admission albumin 
level (continuous and 

stratified by median ≥ 
3.5 g/dL)

NS NS

Moguel-González 
et al[16]

Cardiac 
surgery

Prospective, observational, 
longitudinal

164 Preoperative albumin < 
4.0 g/dL

Increased risk: OR = 3.852 
(95%CI: 1.101-13.473; P = 0.063)

ND

Lee et al[14] OPCAB 
surgery

Retrospective, 
observational, propensity 

score matching

1182 (incl. 
323 matched 

pairs)

Preoperative albumin < 
4.0 g/dL

Increased risk: OR = 1.83 (95%CI: 
1.27-2.64); P = 0.001; propensity 

analysis: OR = 1.62, (95%CI: 
1.12-2.35); P = 0.011

ND

Murat et al[21] ACS and PCI Retrospective, 
observational

890 Albumin level at 
hospitalization

Low albumin (3.52 g/dL vs 3.94 
g/dL) predictive of CI-AKI: OR = 

0.177 (95%CI: 0.080-0.392; P < 0.001)

ND

Kim et al[17] Thoracic aorta 
repair with 

CPB

Retrospective, 
observational, propensity 

score matching

702 (incl. 
183 matched 

pairs)

Preoperative albumin < 
4.0 g/dL

Increased risk: OR = 2.50 (95%CI: 
1.39-4.50; P = 0.002)

ND

Findik et al[15] CAB surgery Retrospective, 
observational

530 Preoperative albumin < 
3.5 g/dL

Increased rate: OR = 1.661 
(95%CI: 1.037-2.661); P = 0.035

ND

Go et al[19] LVAD 
implantation

Retrospective, 
observational

200 < 2.5 g/dL (low) vs 2.5-3.5 
g/dL (mid-range) vs > 3.5 

g/dL (normal) 

Increased ARF: 42.9% vs 16.5% 
vs 17.3%; P = 0.05

NS

ACS: Acute coronary syndromes; AKI: Acute kidney injury; ARF: Acute renal failure; CI-AKI: Contrast-induced acute kidney injury; CPB: 
Cardiopulmonary bypass; LVAD: Left ventricular assist device; ND: Not disclosed; NS: Not significant; OPCAB: Off-pump coronary artery bypass; OR: 
Odds ratio; PCS: Percutaneous coronary intervention; RCT: Randomized, controlled trial.

Table 3  Included studies on infectious diseases

Ref. Population/
setting

Study design Overall study 
size

Albumin 
measurement

Hypoalbuminemia-related outcomes

AKI/ARF Mortality

Prakash et al[22] HIV Prospective, 
observational

3540 Albumin level at 
hospitalization

ND 2.14 g/dL in patients who died 
vs 3.2 g/dL in survivors; P < 

0.001
Vannaphan et 
al[34]

Severe 
falciparum 

malaria

Retrospective, 
observational

915 Albumin < 3.5 g/dL Associated with ARF (P < 0.001) ND

Lee et al[39] Acute viral 
hepatitis A

Retrospective, 
observational

391 Albumin < 3.0 g/dL OR = 8.24 (95%CI: 2.53-26.86; P 
< 0.0001)

ND

Lee et al[35] Scrub typhus Retrospective, 
observational

246 Admission albumin 
< 3.0 g/dL vs ≥ 

3.0 g/dL

Increased rate of non-oliguric 
ARF (40.4% vs 11.1%; P < 0.001)

ND

Mehra et al[40] Dengue fever Retrospective, 
observational

223 Admission Albumin 
level

Lower albumin (2.65 g/dL) in 
patients with vs without AKI 

(3.09 g/dL; P < 0.001)

ND

Vikrant et al[36] Scrub typhus Retrospective, 
observational

174 Admission albumin 
level

ND 2.4 g/dL in patients who died vs 
2.9 g/dL in survivors; P < 0.001

Ceylan et al[41] Antibiotic 
therapy

Retrospective, 
observational

112 Albumin level at 
start of colistin 

therapy

Lower albumin (2.4 g/dL vs 2.7 
g/dL) predicts colistin-induced 

AKI: OR = 0.643 (95%CI: 
0.415-0.994; P = 0.047)

ND

Trimarchi et 
al[37]

H1N1 
pneumonia

Retrospective, 
observational

22 Albumin level at 
study inclusion

NS ARF in 10 of 12 deaths: 1.82 
g/dL in patients who died vs 2.61 

g/dL in survivors; P < 0.01

AKI: Acute kidney injury; ARF: Acute renal failure; ND: Not disclosed; OR: Odds ratio; NS: Not significant.
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logistic regression revealed a renal-protective effect 
of albumin therapy (OR = 0.42, 95%CI: 0.21-0.83; P 
= 0.012). Administration of albumin increased urine 
output during surgery (median 550 mL vs 370 mL; P = 
0.006). No differences were observed between the two 
groups in the incidence of severe AKI, need for renal 
replacement therapy (RRT), or mortality.

These findings are interesting for a number of 
reasons. First, the inverse relationship apparent between 
serum albumin level and postoperative AKI rate, in the 
setting of a randomized double-blind trial, provides the 
highest-quality and most compelling evidence yet that 

serum albumin level is an independent driver of AKI 
risk. This corroborates an earlier retrospective analysis 
in 1182 consecutive adult patients undergoing OPCAB, 
conducted by the same group[14]. Moreover, the data 
from Lee et al[13] further underline the importance of the 
relationship between albumin level and renal health, as 
correction of hypoalbuminemia by exogenous albumin 
supplementation resulted in smaller increases in serum 
creatinine and conferred a degree of protection against 
AKI occurrence. That no significant treatment effect on 
severe AKI was observed (≥ KDIGO stage 2) might 
reflect an underpowered analysis due to the relatively 

Table 4  Included studies on transplant surgery

Ref. Population/
setting

Study design Overall study 
size

Albumin measurement Hypoalbuminemia-related outcomes

AKI/ARF Mortality

Tinti et al[45] Liver 
transplantation

Prospective, 
observational

24 Preoperative albumin level Lower albumin (3.1 g/dL vs 3.7 
g/dL) predictive of ARF (P = 0.02)

ND

Moore et al[48] Renal 
transplantation

Retrospective, 
observational

2763 Albumin < 4.0 g/dL Predictive of transplant failure: 
HR = 1.71 (95%CI: 1.18-2.49; P < 

0.001)

ND

Sang et al[46] LDLT Retrospective, 
observational, 

propensity score 
matching

998 (incl. 
249 matched 

pairs)

Albumin < 3.0 g/dL vs ≥ 
3.0 g/dL before surgery

Albumin < 3.0 g/dL associated 
with increased AKI: OR = 0.42 

(95%CI: 0.28-0.64; P < 0.001)

Survival rate lower 
with postoperative 
albumin < 3.0 g/dL 

(P = 0.02)
Park et al[47] LDLT Retrospective, 

observational
538 Preoperative albumin level Albumin < 3.5 g/dL: OR = 1.76 

(95%CI: 1.05-2.94; P = 0.032)
ND

Yang et al[49] Renal 
transplantation

Retrospective, 
observational

375 Preoperative albumin < 
3.5 g/dL vs 3.5-3.9 g/dL vs 
4.0-4.4 g/dL vs ≥ 4.5 g/dL

Lowest risk of graft failure with ≥ 
4.5 g/dL: HR = 0.536 (P = 0.029) vs 

< 3.5 g/dL 

ND

Chen et al[44] Liver 
transplantation

Retrospective, 
observational, 

matching

334 (incl. 
118 matched 

pairs)

Preoperative albumin ≤ 3.5 
g/dL

OR = 2.785 (95%CI: 1.427-5.434; 
P = 0.003); risk factor for 

posttransplantation AKI or ARF

ND

AKI: Acute kidney injury; ARF: Acute renal failure; HR: Hazard ratio; LDLT: Living donor liver transplantation; ND: Not disclosed; OR: Odds ratio.

Table 5  Included studies on cancer

Ref. Population/
setting

Study design Overall 
study size

Albumin measurement Hypoalbuminemia-related outcomes

AKI/ARF Mortality

Hsu et al[51] HCC with 
ascites

Prospective, 
observational

591 Albumin < 3.3 g/dL Independently associated with 
ARF: OR = 7.3 (95%CI: 1.47-35.7; 

P = 0.009)

ND

Kim et al[50] Gastric cancer 
surgery

Retrospective, 
observational

4718 Preoperative albumin 
< 4.0 g/dL

Independent predictor of AKI: 
OR = 1.40 (95%CI: 1.11-1.77; P = 

0.005)

ND

Mizuno et al[55] Chemotherapy-
induced 

hypotension

Retrospective, 
observational

972 Hypoalbuminemia 
defined as ≤ 3.5 g/dL

Associated with low BP: OR = 1.497 
(95%CI: 1.070-2.095; P = 0.019). Low 

BP associated with AKI

ND

Lahoti et al[56] AML or HR-
MDS

Retrospective, 
observational

537 Albumin level at 
baseline (median 3.3 

g/dL)

Hypoalbuminemia predictive of 
AKI: OR = 0.7 (95%CI: 0.5-0.99; P 

= 0.049)

ND

Haynes et al[57] Multiple 
myeloma

Retrospective, 
observational

107 Albumin ≥ 3.5 g/dL 
vs < 3.5 g/dL

ND Higher albumin predictive of 
survival: HR = 0.56 (95%CI: 

0.35-0.91; P = 0.02)
Fischler et al[59] Cancer Retrospective, 

observational
103 Albumin level at start 

of CVVHDF
ND Low albumin (median 2.5 g/dL 

vs 3.05 g/dL) associated with 
mortality: OR = 3.341 (95%CI: 

1.229-9.077); P = 0.02

AKI: Acute kidney injury; AML: Acute myelogenous leukemia; ARF: Acute renal failure; BP: Blood pressure; CVVHDF: Continuous venovenous 
hemodiafiltration; HCC: Hepatocellular carcinoma; HR: Hazard ratio; HR-MDS: High-risk myelodysplastic syndrome; ND: Not disclosed; OR: Odds ratio.

Wiedermann CJ et al . Hypoalbuminemia and acute kidney injury



181 July 6, 2017|Volume 6|Issue 4|WJN|www.wjgnet.com

low sample size/event rate. Alternatively, either albumin 
supplementation is beneficial only in milder AKI, or the 
dosing regimen was insufficient.

Lee et al[13] did not investigate the mechanism(s) 
underlying the renal-protective effect they observed 
with albumin administration but speculated whether this 
might be attributable to augmentation of intravascular 
volume over correction of hypoalbuminemia. Indeed, 
both hemodynamic and pharmacodynamic mechanisms 
may contribute to the beneficial renal effects of albumin, 
supporting a possible causal link. Pharmacodynamic 
properties of human albumin with renal-protective 
potential include mitigation of nephrotoxicity of medi-
cations, restoration of balanced net fluid balance, 
protection against loss of glycocalyx, and maintenance 
of glomerular filtration (reviewed in[11]). Further studies 
are needed to ascertain in which clinical indications such 
properties might be beneficial. In addition, data from 
large-scale RCTs are needed to define trigger and target 
levels and dosing for pre-emptive albumin therapy as 
a strategy for protecting against postoperative renal 
morbidity and mortality.

Whereas in the RCT performed by Lee et al[13] no 
differences were evident between the albumin and 
saline treatment groups with respect to subsequent 
need for RRT or mortality, precedent does exist for the 
impact of albumin level on both of these outcomes. 
Findik et al[15] recently performed a retrospective review 
of data collected prospectively from 530 adults with 
normal renal function who underwent isolated CAB 
surgery. Their analysis divided the patient population 
based on preoperative serum albumin level and found 
that RRT (P = 0.018) and death within 30 d (6.8% vs 
2.4%; P = 0.037) after surgery were more frequent in 
the group with albumin < 3.5 g/dL. Mean duration of 
ventilatory support (7.9 h vs 11.4 h; P = 0.001), ICU 
stay (66.0 h vs 59.0 h; P = 0.026), and hospital stay (7.7 
d vs 7.1 d; P = 0.022) were also greater in the lower 
albumin group.

Beyond CAB surgery, a prospective, observational, 
longitudinal study of 164 adult patients undergoing any 
type of elective cardiac surgery used univariate logistic 
regression analysis to identify low serum albumin (< 
4 g/dL), among other variables [high preoperative 
blood urea nitrogen (BUN), creatinine, and uric acid], 
as a major risk factor for postoperative development of 
AKI[16]. Similarly, Kim et al[17] also identified preoperative 
albumin level < 4.0 g/dL as an independent risk factor 
for AKI in 183 patients who underwent surgery on the 
thoracic aorta with cardiopulmonary bypass (CPB) and 
subsequently developed AKI, matched by propensity 
score with controls without AKI. The authors suggested 
that correction of preoperative hypoalbuminemia 
might protect against AKI in the studied population. 
However, when patients converted to CPB were 
included in the randomized analysis performed by Lee 
et al[13], the effect of albumin treatment was unclear. 
Further research is needed to evaluate the effects of 
exogenous albumin treatment in patients undergoing 

cardiac surgery with CPB, though such studies will be 
complicated by the fact that CPB itself is associated with 
AKI and contributes to its pathogenesis (reviewed in[18]).

In a single-center, retrospective review, Go et al[19] 
aimed to establish the impact of different serum albumin 
strata (< 2.5 g/dL, low; 2.5-3.5 g/dL, mid-range; > 3.5 
g/dL, normal) on outcomes after left ventricular assist 
device (LVAD) implantation in 200 patients. Consistent 
with findings in cardiac surgery patients, lower albu-
min was associated with significantly increased 
rates of postoperative ARF (Table 2) and prolonged 
hospitalization (median 28.5 d vs 16 d vs 15.5 d; P = 
0.008). Survival at 6 mo, 1 year, and 5 years appeared 
to reflect albumin levels (79%, 79%, 49% with low; 
84%, 78%, 51% with mid-range; 94%, 88%, 60% 
with normal), though this trend was not statistically 
significant (P = 0.22). The authors concluded that 
hypoalbuminemia (in this case defined as < 2.5 g/dL) 
should not be considered a contraindication to LVAD 
candidacy, and called for more data on the utility of 
albumin levels for predicting morbidity and mortality 
after LVAD implantation.

Two studies reported data on albumin levels in 
patients undergoing acute coronary interventions. In 
a prospective, observational study of 456 acute heart 
failure patients undergoing decongestive therapy, no 
significant associations were found between serum 
albumin levels at admission and clinical outcomes, 
either short-term (worsening renal function, worsening 
heart failure, clinical decongestion by 72 h) or longer-
term (60-d mortality, re-hospitalization, unscheduled 
emergency room visits)[20]. The authors concluded that 
serum albumin levels might not be relevant in guiding 
decongestion strategies. They also acknowledged 
that their post-hoc analysis used a carefully selected 
cohort drawn from the DOSE-AHF and ROSE-AHF 
trials that were inadequately powered to detect clinical 
end points according to baseline albumin, and that 
their findings may not be generalizable. A separate 
study, by Murat et al[21], retrospectively looked at the 
impact of serum albumin levels on AKI occurrence in a 
cohort of 890 patients with acute coronary syndromes 
(ACS) treated with percutaneous coronary intervention 
(PCI). Serum albumin was inversely associated with 
AKI risk and, along with a number of other variables 
[age, female gender, creatinine kinase-myocardial 
band, and glomerular filtration rate (GFR)], was inde-
pendently predictive of AKI occurrence. This was the 
first such report in ACS patients receiving PCI and 
requires confirmation by prospective, randomized trial. 
Nonetheless, these preliminary findings suggest that 
measurement of serum albumin, widely available and 
relatively inexpensive, should be included in the risk 
stratification of ACS patients before undergoing PCI.

INFECTIOUS DISEASES
Our review identified eight studies conducted across a 
total of more than 5500 subjects with infections and 
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data on albumin levels and renal injury (Table 3). The 
only prospective study was an observational analysis 
of AKI in HIV-seropositive adults[22]. AKI was noted in 
138/3540 (3.9%) patients and in most cases was AKIN 
stage Ⅱ (42.1%) or Ⅲ (48.5%). Mean serum albumin 
at baseline was 2.92 g/dL. Low serum albumin was one 
of few variables found to be significantly associated with 
death of HIV-infected patients following AKI. Prerenal 
factors (e.g., clinical/laboratory evidence of volume 
depletion or reduced renal blood flow), ischemic acute 
tubular necrosis (ATN), and sepsis were among the 
most frequent causes of AKI in this population. These 
observations are consistent with clinical trials suggesting 
efficacy and mortality benefit of albumin therapy for 
volume resuscitation in sepsis patients[23-30], as well 
as mechanistic data indicating a role for albumin in 
preservation of renal tubular cells[31-33].

The largest study on AKI occurrence in an infectious 
disease setting to be published during the review period 
was a 10-year retrospective analysis of AKI occurrence 
in 915 severe falciparum malaria patients[34]. AKI is a 
major contributor to morbidity and mortality in severe 
malaria infection, and hypalbuminemia (< 3.5 g/dL) 
was significantly more prevalent in patients with AKI 
(135/195; 69%) vs those without AKI (308/720; 43%). 
The authors concluded that although causality could 
not be deduced, correction of ARF risk factors such 
as hypoalbuminemia should be incorporated into the 
management of patients with severe malaria.

Two retrospective studies reported associations 
between serum albumin level and AKI outcomes in 
scrub typhus infection. Lee et al[35] divided a population 
of 246 adults with scrub typhus into two groups based 
on serum albumin level. Their analysis revealed that 
serum albumin < 3.0 g/dL was closely related to AKI 
occurrence as well as various other complications 
(e.g., confusion, pulmonary edema, pleural effusion, 
arrhythmia), leading to longer mean hospital stay 
(additional 5.5 d) and higher direct hospital costs 
(additional United States $1222). Whereas this study 
found no difference in mortality with lower vs higher 
albumin (overall deaths 9/246; 3.7%), a subsequent 
study by Vikrant et al[36] did detect a difference. This 
later study was smaller overall than that conducted 
by Lee et al[35] but provided a larger cohort of scrub 
typhus patients with AKI and substantially more deaths 
occurred (28/174; 16.1%), providing greater power 
to assess mortality. Mean serum albumin was 2.8 g/dL 
and hypoalbuminemia, again defined as < 3.0 g/dL, 
was present in 56.9% of study subjects. Serum albumin 
was significantly higher in survivors vs non-survivors 
(mean 2.9 g/dL vs 2.4 g/dL; P = 0.001).

An association between lower serum albumin and 
mortality has also been observed in critically com-
promised patients with H1N1 pneumonia. In a 2-mo, 
retrospective, ICU study, both hypoalbuminemia and 
AKI were significantly associated with death (P < 0.01), 
and serum albumin appeared to be lower in those with 
vs without AKI (1.95 g/dL vs 2.59 g/dL), though this 

difference did not reach statistical significance in this 
small cohort (n = 22)[37]. Larger, multivariate analysis 
is required to confirm these results. The authors 
suggested that rhabdomyolysis (life-threatening muscle 
disintegration) is likely to be the main pathophysiologic 
mechanism of renal dysfunction in this setting, and a 
separate study subsequently linked hypoalbuminemia 
with AKI in patients with severe rhabdomyolysis[38].

Other reports on low serum albumin as a predictive 
factor for AKI include a chart review and multivariate 
analysis of data from 391 patients with acute viral 
hepatitis A[39]. AKI was present in 45 (11.5%) patients, 
and the AKI group had significantly decreased albumin 
levels compared with the non-AKI group at presentation 
(mean 3.3 g/dL vs 3.8 g/dL; P < 0.0001) and at peak 
during illness (mean 2.7 g/dL vs 3.4 g/dL; P < 0.0001). 
Among 223 patients with dengue fever, AKI developed 
in 24 (10.8%) and was associated with lower serum 
albumin (2.65 g/dL vs 3.09 g/dL; P < 0.001)[40]. Low 
serum albumin (median 2.4 g/dL vs 2.7 g/dL) has also 
been shown to be independently predictive of acute 
renal injury in patients receiving antibiotic therapy 
with colistin (n = 112)[41], consistent with previous 
observations[42,43].

TRANSPLANT SURGERY
Hypoalbuminemia is common before and after liver 
transplantation, especially in patients with cirrhosis[44], 
and there is a growing body of research exploring the 
implications of this. Our searches retrieved six relevant 
studies (including > 5000 subjects) published since 
September 2009 that reported albumin levels in relation 
to AKI occurrence after transplantation (Table 4). Four 
of these were in the setting of liver transplantation 
(approximately 2000 subjects), while 2 studies focused 
on renal transplant recipients. All six studies were 
non-interventional and all except one were conducted 
retrospectively.

In the only prospective study, data on 24 patients 
were collected from health records before, during and 
after deceased donor orthotopic liver transplantation 
(OLT)[45]. Reduced pre-OLT serum albumin level was 
found to be associated with ARF (RIFLE classification), 
whereas no other pre-OLT parameters (e.g., creatinine, 
GFR, serum sodium, serum bilirubin) were. Interestingly 
though, higher Model for End-Stage Liver Disease 
(MELD) score (mean 22 vs 18; P = 0.02) was also 
associated with AKI, leading the authors to speculate 
that the significance of hypoalbuminemia and higher 
MELD score as risk factors in this population might 
reflect the close relationship between renal and hepatic 
function in cirrhosis.

The largest of the three retrospective, observational 
studies assessing hypoalbuminemia in liver trans-
plantation was a propensity score analysis of 998 
consecutive living donor liver transplantation (LDLT) 
patients in a single center[46]. This analysis aimed to 
ascertain the influence of early postoperative serum 
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albumin level on subsequent development of AKI. Serum 
albumin < 3.0 g/dL within 48 h postoperatively was 
identified by multivariate analysis as an independent 
risk factor for AKI (AKIN or RIFLE classification; Table 4), 
the first such report in the setting of LDLT. Furthermore, 
ICU (P = 0.006) and hospital (P < 0.001) stays were 
prolonged in the low albumin group and overall mortality 
was also higher (P = 0.02), making this one of the few 
studies retained from our literature review to report 
data associating serum albumin level with mortality. The 
findings of Sang et al[46] are consistent with an earlier, 
smaller retrospective study by Chen et al[44] in which 
multivariable analysis of 118 matched pairs of liver 
transplantation patients with/without postoperative renal 
injury demonstrated that preoperative hypoalbuminemia 
(≤ 3.5 g/dL) was strongly predictive of AKI within the 
first week after surgery. Similarly, Park et al[47] also 
identified by multivariate analysis that preoperative 
serum albumin < 3.5 g/dL was an independent, mo-
difiable risk factor for AKI (RIFLE classification) in patients 
(n = 538) undergoing LDLT. Interestingly, the authors 
also identified MELD score > 20 as a significant risk 
factor for post-LDLT AKI (OR = 2.01, 95%CI: 1.17-3.44; 
P = 0.011), as in the study by Tinti et al[45], providing 
further evidence of renal-hepatic interactions in patients 
undergoing liver transplantation.

Notwithstanding the inherent limitations of retro-
spective, observational analysis, Sang et al[46] postu-
lated that, when considering their results together 
with evidence accruing from other studies, hypoalbu-
minemia may be one of the major contributors to 
AKI development. Park et al[47] noted the reported 
nephroprotective capacity of albumin, through enhanced 
renal perfusion and reduced apoptosis/increased 
proliferation of renal tubular cells[31-33]. However, they 
questioned whether exogenous augmentation of 
serum albumin could modify renal dysfunction within 
a short timeframe and reduce the risk of postoperative 
AKI. Sufficiently powered, prospective, interventional, 
randomized trials will be required to answer this 
question. Additional research will also be needed to 
further elucidate the mechanism(s) by which albumin 
can positively influence renal function, in LDLT surgery 
and other settings.

Fewer studies provide evidence on albumin levels in 
renal transplantation; however, these studies enrolled 
more subjects than those discussed above in the 
setting of liver transplantation. One large retrospective 
study, by Moore et al[48], analyzed data from 2763 adult 
kidney transplant recipients who were enrolled into the 
Long Term Efficacy and Safety Surveillance study and 
survived for ≥ 12 mo post transplantation. Multiple 
regression analysis revealed that hypoalbuminemia in 
the preceding 6 mo was independently associated with 
renal transplant failure, both in the death-censored 
analysis [< 3.5 g/dL, hazard ratio (HR) = 2.19, 95%CI: 
1.58-3.05; P < 0.001] and overall (Table 4). Yang et 
al[49] also found a relationship between serum albumin 
level and likelihood of renal graft failure. In their single-

center study of 375 renal transplant recipients, the 
relative risk of graft failure was lowest in the group 
with highest serum albumin (≥ 4.5 g/dL) before 
transplantation. Chronic rejection (36.2%) and delayed 
graft function (12.8%) were most frequent in patients 
with albumin < 3.5 g/dL, though these results were 
not statistically significant. The authors concluded that 
hypoalbuminemia before kidney transplantation is 
associated with more serious complications and worse 
short- and long-term graft outcomes.

CANCER
An association between hypoalbuminemia and AKI 
morbidity/mortality has also been noted in cancer 
studies. We identified six relevant studies published 
during the search period, involving a total of more 
than 7000 patients, the majority of whom had gastric 
cancer[50] (Table 5).

One of these studies was prospective (n = 591) and 
included data on incidence and risk factors of AKI in a 
subset of 87 patients with HCC with ascites undergoing 
transarterial chemoembolization (TACE) at a single 
center[51]. Lower serum albumin was more common in 
HCC patients with vs without ascites (mean 3.2 g/dL vs 
3.8 g/dL; P < 0.001). Furthermore, hypoalbuminemia 
(< 3.3 g/dL) occurred in 82% vs 38% of ascitic HCC 
patients who did (n = 11) vs did not (n = 76) develop 
AKI after TACE (P = 0.009). Logistic regression 
analysis among HCC patients with ascites found that 
hypoalbuminemia was the only risk factor independently 
predictive of post-TACE AKI. Based on earlier reports, 
the authors speculated whether nephroprotection by 
albumin might result from increased renal blood flow 
and GFR[52], decreased changes in electrolyte and serum 
creatinine levels[52], or plasma expansion[53,54].

The largest retained study in cancer patients was 
a retrospective analysis of AKI occurrence after partial 
or total gastrectomy for gastric cancer (n = 4718)[50]. 
Multivariate analysis identified hypoalbuminemia (< 
4 g/dL), along with male gender, hypertension, chro-
nic obstructive pulmonary disease, use of diuretics, 
vasopressors, or contrast agents, and packed red 
blood cell transfusions, as an independent predictor 
of postoperative AKI (Table 5). Prevalence of hypoal-
buminemia tended to increase with severity of AKI 
(KDIGO staging). The authors acknowledged that the 
mechanisms through which hypoalbuminemia causes 
AKI are not fully understood, but noted that albumin 
plays a critical role in maintaining the integrity and 
function of renal tubular cells[32,33].

Smaller retrospective studies also found significant 
associations between serum albumin level and AKI 
development in cancer settings. Mizuno et al[55] demon-
strated significantly lower serum albumin in patients 
receiving cisplatin as first-line chemotherapy who had 
low (n = 229) vs normal (n = 743) blood pressure (mean 
3.73 g/dL vs 3.87 g/dL; P = 0.001), suggesting that 
hypoalbuminemia associates with low blood pressure, 
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leading to renal hypoperfusion and thereby promoting 
ischemic AKI. Hypoalbuminemia was similarly asso-
ciated with AKI in patients with acute myelogenous 
leukemia or high-risk myelodysplastic syndrome 
undergoing induction chemotherapy (n = 537; 187 with 
AKI)[56]. In a 20-year, single-center, retrospective study 
of patients with multiple myeloma and acute severe 
renal failure (n = 107), serum albumin ≥ 3.5 g/dL was 
one of three factors (along with use of chemotherapy, 
and dialysis independence) found to be independently 
associated with survival[57], though serum albumin is 
already incorporated into the International Staging 
System for multiple myeloma[58]. A recent multivariate 
analysis of 103 consecutive ICU patients with cancer 
(any type) and AKI revealed low albumin level to 
be statistically associated with in-hospital mortality, 
leading to the conclusion that hypoalbuminemia (and 
presumably correction thereof) must be considered 
before initiating RRT in cancer patients[59].

OTHER INDICATIONS
The majority of the recent studies generating data on 
hypoalbuminemia and AKI occurrence were conducted 
in the settings of cardiac/coronary interventions, 
infectious diseases, transplantation, or cancer, as de-
scribed above. However, a further fifteen studies, all 
retrospective and observational in nature and involving 
a total of more than 46000 patients, also reported 
data on albumin levels and kidney outcomes, across 
numerous other patient populations.

By far the largest albumin data set among all of the 
literature retained for this review was a retrospective 
analysis of 37143 patients in the American College 
of Surgeons National Surgical Quality Improvement 
Program who underwent primary total knee arthroplasty 
(TKA) and had serum albumin data available[60]. 
Mortality was higher in patients with albumin < 3.5 
g/dL vs ≥ 3.5 g/dL (0.64% vs 0.15%; OR = 3.17, 
95%CI: 1.58-6.35; P = 0.001), as were AKI (0.32% 
vs 0.06%, OR = 5.19, 95%CI: 1.96-13.73; P = 0.001) 
and a range of other major perioperative complications. 
The authors drew encouragement from these findings 
since hypoalbuminemia may be more easily modifiable 
than other risk factors (e.g., morbid obesity). Results 
from two subsequent studies also involving thousands 
of patients undergoing TKA (primary[61] or revision[62]) 
were consistent with these findings.

In a recent analysis of 408 patients with amyloidosis, 
serum albumin < 2.5 g/dL at admission was highly 
associated with requirement for RRT within 30 d of 
autologous stem cell transplantation (P < 0.001)[63]. A 
smaller study in amyloidosis patients receiving high-
dose melphalan with stem cell transplantation yielded 
similar results[64]. Recent evidence in other clinical 
scenarios comes from isolated studies involving a total 
of more than 2500 patients. Hypoalbuminemia has 
been associated with AKI-related morbidity/mortality in 
patients with severe rhabdomyolysis[38], pyogenic liver 

abscess[65], contrast-induced nephropathy[66], hospital-
acquired AKI[67,68], and in critically ill patients requiring 
continuous RRT[69], geriatric patients[70-72], and those 
undergoing open ventral hernia repair[73].

Taken together, the recent evidence discussed 
herein clearly demonstrates that hypoalbuminemia 
is an important consideration for AKI risk in a broad 
range of patients. However, each clinical scenario is 
multifactorial and presents its own complexities, and 
comorbidities that might also impact the development 
of AKI and thus be confounders in assessing the 
relative importance/contribution of serum albumin level 
in AKI. In diverse clinical settings there is a need for 
controlled, interventional studies to evaluate exogenous 
albumin therapy aimed at correcting hypoalbuminemia 
and reducing the risk of subsequent AKI, mortality, 
and other adverse outcomes. Also required will be 
mechanistic studies to define the pathways involved in 
nephroprotection by albumin.

LIMITATIONS
Limitations of this review include the fact that most of 
the included studies were observational with patient 
populations in the various clinical settings that are still 
quite heterogeneous. In addition definitions of AKI 
were often creatinine-dependent and based on different 
classification systems for AKI including RIFLE, AKIN, 
and KDIGO. As the systematic search of the literature 
was restricted to PubMed (MEDLINE), additional studies 
may be missing.

CONCLUSION
The association between hypoalbuminemia and develop-
ment of AKI and subsequent morbidity/mortality can 
be regarded as confirmed. This robust association is 
consistently evident in a wealth of observational studies 
conducted across a wide range of clinical settings and 
involving tens of thousands of patients, and may be 
interpreted as an indication of a causal link.

Furthermore, a prospective RCT conducted in car-
diac surgery patients, demonstrated for the first time 
that correction of low albumin level is associated with 
lower increase in creatinine, suggesting improved 
renal function with human albumin therapy and also 
supporting a causal link. These observations justify 
further interventional studies with albumin therapy, 
in cardiac surgery (including CPB) and other settings, 
such as transplantation other than liver or renal. Multi-
center, prospective studies adequately powered to 
assess severe AKI, mortality and causality would be 
valuable, as would evaluation of the appropriate trigger 
and target serum levels and albumin dose necessary 
to confer renal protection. Basic research is also 
warranted to define the mechanisms through which 
albumin affords protection from renal injury. Moreover, 
because the development of AKI in high-risk patients is 
multifactorial, modification of a single risk factor might 
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not be sufficient for prevention. Therefore, further 
research is needed to advance our understanding of the 
combinatorial nature of AKI pathogenesis.

In the meantime, the large volume of data already 
available underscores the need to be alert to risk factors 
for AKI. Serum albumin level should be monitored to aid 
early identification of patients who may be at increased 
risk and who may stand to benefit from treatment to 
correct hypoalbuminemia.
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Abstract
AIM
To investigate the therapeutic potential of tesevatinib 
(TSV), a unique multi-kinase inhibitor currently in Phase 
Ⅱ clinical trials for autosomal dominant polycystic kidney 
disease (ADPKD), in well-defined rodent models of 
autosomal recessive polycystic kidney disease (ARPKD). 

METHODS
We administered TSV in daily doses of 7.5 and 15 mg/kg 
per day by I.P. to the well characterized bpk model 
of polycystic kidney disease starting at postnatal day 
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(PN) 4 through PN21 to assess efficacy and toxicity in 
neonatal mice during postnatal development and still 
undergoing renal maturation. We administered TSV 
by oral gavage in the same doses to the orthologous 
PCK model (from PN30 to PN90) to assess efficacy and 
toxicity in animals where developmental processes are 
complete. The following parameters were assessed: 
Body weight, total kidney weight; kidney weight to body 
weight ratios; and morphometric determination of a 
cystic index and a measure of hepatic disease. Renal 
function was assessed by: Serum BUN; creatinine; and a 
12 h urinary concentrating ability. Validation of reported 
targets including the level of angiogenesis and inhibition 
of angiogenesis (active VEGFR2/KDR) was assessed by 
Western analysis.

RESULTS
This study demonstrates that: (1) in vivo pharmacological 
inhibition of multiple kinase cascades with TSV reduced 
phosphorylation of key mediators of cystogenesis: EGFR, 
ErbB2, c-Src and KDR; and (2) this reduction of kinase 
activity resulted in significant reduction of renal and biliary 
disease in both bpk and PCK models of ARPKD. The 
amelioration of disease by TSV was not associated with 
any apparent toxicity.

CONCLUSION
The data supports the hypothesis that this multi-kinase 
inhibitor TSV may provide an effective clinical therapy 
for human ARPKD.

Key words: Autosomal recessive; Autosomal dominant; 
Polycystic kidney disease; Therapy; Kinase inhibition; 
Multi-kinase inhibitor; Phosphorylation; Renal cysts; 
Biliary; G-protein coupled receptor

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This study examined the effect of a multi-
kinase inhibitor, tesevatinib (TSV) on cyst development 
and growth in rodent models of autosomal recessive 
polycystic kidney disease (ARPKD). Tesevatinib which 
targets epidermal growth factor receptors, Src and KDR is 
currently in clinical trials for autosomal dominant polycystic 
kidney disease (ADPKD) and given the molecular and 
cellular interactions of the ADPKD and ARPKD genes and 
proteins we sought to determine if TSV would ameliorate 
ARPKD TSV was tested in two well described models of 
ARPKD, the BPK a phenocopy, and an orthologous rat 
model of ARPKD, the PCK. Of particular interest was the 
effect of TSV’s inhibition of VEGFR2 or KDR during early 
post-natal development and renal maturation.

Sweeney WE, Frost P, Avner ED. Tesevatinib ameliorates pro-
gression of polycystic kidney disease in rodent models of autosomal 
recessive polycystic kidney disease. World J Nephrol 2017; 6(4): 
188-200  Available from: URL: http://www.wjgnet.com/2220-6124/
full/v6/i4/188.htm  DOI: http://dx.doi.org/10.5527/wjn.v6.i4.188

INTRODUCTION
Renal cystic diseases encompass a broad group of 
disorders with variable phenotypic expression. The term 
polycystic kidney disease (PKD) explicitly refers to two 
genetically defined renal cystic diseases: Autosomal 
recessive polycystic kidney disease (ARPKD) and 
autosomal dominant polycystic kidney disease (ADPKD).

ARPKD (OMIM 263200) belongs to a group of con
genital hepatorenal fibrocystic diseases characterized by 
dual renal and hepatic involvement[15]. ARPKD has an 
incidence estimated at 1/20000 to 1/40000 with a wide 
spectrum of phenotypic expression[2,46]. ARPKD occurs 
as the result of a mutations in a single gene, polycystic 
kidney and hepatic disease 1 (PKHD1)[7,8]; encodes 
a protein called fibrocystin or polyductin (FPC)[9,10]; 
and is commonly diagnosed in utero through early 
childhood[2,3,5].

ADPKD is generally an adultonset multisystem 
disorder, characterized by bilateral renal cysts, vascular 
abnormalities including intracranial aneurysms, and 
cysts in other organs including the liver. ADPKD is 
increasingly diagnosed in childhood and adolescents[2,11]. 
Substantial variability in the severity of renal disease 
and other extrarenal manifestations occurs even within 
the same family. ADPKD is more common than ARPKD 
with an incidence of estimated at 1 in 600 and 1 in 
1000 live births[12]. ADPKD is a heterogenetic disorder 
caused by mutations in either the PKD1 gene (85%) 
(OMIM173900) encoding the protein polycystin 1 (PC1), 
or in the PKD2 gene (15%) (OMIM173910), encoding 
polycystin 2 (PC2). The recent report of a third ADPKD 
gene has been reported but it represents a very small 
number of ADPKD patients that did not map to PKD1 
or PKD2 locus[13]. ADPKD is characterized by the 
progressive development and expansion of fluidfilled 
cysts derived from renal tubule epithelia and typically 
leads to ESRD by late middle age[14,15]. 

Clinically, a significant overlap of symptoms between 
ARPKD and ADPKD has been observed in children. 
Recent investigations at the cellular and molecular 
level provide compelling rationale for this clinical ob
servation as ARPKD and ADPKD share many common 
pathophysiological features[2,5,16]. Such studies reveal: 
(1) PKHD1, PKD1 and PKD2 proteins are expressed 
in multimeric “cystoprotein” complexes at specific 
locations within epithelial cells[5,1719]; (2) complex 
interactions between all three genes and their protein 
products occur at a molecular and cellular level[15,2023]; 
(3) cyst formation not only requires a PKD mutation 
but also requires simultaneous cell proliferation; (4) 
cyst development in both ARPKD and ADPKD begins in 
utero[2426]; and (5) clinical manifestations of both disorders 
are seen in newborns, children, and adolescents[3,5,2730]. 
These findings suggest that therapeutic interventions 
at an early stage of disease may provide the best 
opportunity for beneficial longterm clinical outcomes 
for patients with PKD[3,5,31].

Cyst initiation and expansion are complex pheno
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mena comprised of multiple interacting processes. The 
precise mechanisms leading to enlarged cystic kidneys 
and liver abnormalities are unclear. However, various 
cellular defects have been identified that are common 
to cystic renal epithelia in both ARPKD and ADPKD. 
These include: (1) abnormalities of expression, function 
and polarity of one or more members of the epidermal 
growth factor (EGF) family of receptors and ligands [the 
(EGFR)axis]; (2) abnormal activity of cSrc (pp60c
Src); decreased intracellular calcium leading to aberrant 
intracellular cAMP signaling; (3) abnormal structure 
and/or function of the primary cilia; (4) alterations in 
cellcell, and cellmatrix interactions; and (5) activation 
of interstitial macrophages leading to progressive 
fibrosis.

Tesevatinib (TSV, previously been known as XL7647, 
XL647, PRIM001 and KD019) is a unique multikinase 
inhibitor that is being utilized in a phase II clinical trial for 
treatment of ADPKD (https//ClinicalTrials.gov/ADPKD: 
NCT01559363)[32,33]. The basis of this therapeutic ap
proach is that the use of a multikinase inhibitor provides 
“combination therapy” targeting multiple abnormal 
signal transduction events in PKD. TSV is a particularly 
appealing candidate for therapy due to its inhibition 
profile of c-Src (pp60c-Src) which decreases activity of 
both the EGFR axis and cAMP pathways[34] as well as its 
inhibition of KDR that will target abnormal angiogenesis 
necessary for cyst growth. 

MATERIALS AND METHODS
Animal models
All animal experiments were conducted in accordance 
with policies of the NIH Guide for the Care and Use 
of Laboratory Animals and the Institutional Animal 
Care and Use Committee of the Medical College of 
Wisconsin.

The BALB/c-(Bicc1/Bicc1) model
The BALB/c(Bicc1/Bicc1) (BPK) model, a murine phenocopy 
of ARPKD, has been extensively characterized[3537]. 
Affected animals die at postnatal day (PN) 23 (aver
age) with a range of PN21 to PN25. Extrarenal 
manifestations include biliary ductal ectasia (BDE). BPK 
animals were identified utilizing a PCR based genotyping 
method that has been described in detail[38]. BALB/c 
wildtype (WT) controls were utilized in all experiments.

Both WT and cystic (bpk) male mice were admi
nistered the HCL salt of TSV, by intraperitoneal (IP) 
injections at 7.5 and 15 mg/kg per day starting at PN4. 
Kidney and liver (left lobe) tissues were harvested 
at PN21, 2 h following the last dose, and assessed 
for the following: Body weight; total kidney weight 
(TKW); kidney weight to body weight (KW/BW) ratios; 
morphometric determination of a cystic index (CI); 
target validation was confirmed by western analysis; 
and renal function was assessed by determining serum 
BUN; creatinine (CR); and urinary concentrating ability 

(UCA). 
A colony of bpk animals have been inbred in 

the Avner laboratory since 1991 without significant 
phenotypic drift.

PCK rat model
The PCK rat is an orthologous model of human ARPKD 
characterized by slowly progressing renal cyst formation, 
impairment of renal function and development of congenital 
hepatic fibrosis. The PCK arose from a spontaneous 
mutation in the rat homolog of human PKHD1 in a Sp
rague Dawley colony in Japan at the Education and 
Research Center of Animal Models for Human Diseases of 
Fujita Health University and subsequently transferred to 
Charles River United States[10,39]. 

Similar to human disease, previous reports in PCK 
rats have demonstrated an increased renal expression of 
active ErbB2 (pY1221/1222)[34], active cSrc (pY418)[34,40] 
and hepatic sensitivity to EGFR inhibition[41]. Therefore, 
the PCK is a valuable orthologous model for testing 
therapeutic intervention in ARPKD. 

Male PCK and Sprague Dawley controls were ad
ministered TSV daily by oral gavage, from PN30 to 
PN90 (61 doses). Similar to the bpk, PCK and SD 
kidney and liver (left lobe) tissues were harvested two 
hours following the final dose and assessed for the 
following parameters: Body weight; total kidney weight 
(TKW); KW/BW ratios; morphometric determination of 
a CI; target validation by western analysis; and renal 
function was assessed by determining serum BUN; CR; 
and UCA.

A colony of PCK and SD animals has been main
tained at the Medical College of Wisconsin 2004 without 
significant phenotypic drift.

TSV
TSV (formerly named XL7647, XL647, PRIM001 and 
KD019) is an orally bioavailable compound with a MW of 
663.59 g/mole. TSV is a 4-anilinoquinazoline bearing an 
octahydrocyclopentapyrrol substituted methoxy group at 
the C7 position. It is a monop-toluenesulfonic acid salt 
with a MW of 663.59 g/m. Data from pharmacodynamics 
in vivo experiments show that inhibition spectrum of 
TSV includes key tyrosine kinases (EGFR, HER2/ErbB2, 
cSrc) that promote epithelial cell proliferation and 
VEGFR2/KDR which promotes angiogenesis and/or 
neovascularization[32,33]. 

TSV preparation and administration
Compound solutions EtOH:PEG 400:distilled water 
(5:45:50) were prepared under sterile conditions at 
concentrations of 5 mg/mL (for 7.5 mg/kg per day 
dose) or 10 mg/mL (for 15 mg/kg per day dose) to 
keep injection volumes equivalent despite the different 
dosing levels. Solutions were prepared in vehicle and 
stored at 4 ℃ for 3 d. Solutions were made fresh every 
4 d.

BPK (cystic) and BALB/c (wildtype control) litter
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mates received TSV at 7.5 or 15 mg/kg per day 
by intraperitoneal (i.p.) injections. This dosage was 
based on company supplied pharmacologic and 
pharmacokinetic data of TSV treatment in mice and 
preliminary doseresponse studies (data not shown). 
Animals were treated from PN4 to PN21 (18 doses). 
Kidney and liver were routinely harvested at P21 (2 
h post last injection) and heart, spleen, pancreas, 
stomach, and thymus were periodically harvested at 
PN21 to evaluate possible toxicity of vehicle or TSV. Both 
BALB/c and bpk animals were divided into four groups 
each for testing and analysis. These groups included: 
(1) untreated or sham wildtype control; (2) wildtype 
treated with vehicle only; (3) wildtype treated with TSV 
at 7.5 mg/kg per day; (4) wildtype treated with TSV at 
15 mg/kg per day; (5) untreated or sham cystic (bpk); 
(6) vehicle treated bpk; (7) TSV treated bpk at 7.5 
mg/kg per day beginning at PN4 to PN21; and (8) bpk 
treated with TSV at 15 mg/kg per day beginning at PN4 
to PN21. 

PCK treatment
SD and PCK males were administered TSV by oral 
gavage from PN30 to PN90. SD sham, vehicle treated 
and TSV treated at 7.5 and 15 mg/kg per day along 
with the same groups of PCK animals were examined. 
Two hours following the last dose, renal and the left 
lobe of the liver were routinely harvested at P90 (2 h 
post last substitute dose for injection). Heart, spleen, 
pancreas, stomach, and thymus were periodically 
harvested at PN90 to evaluate possible toxicity of vehicle 
or TSV. The same parameters evaluated in bpk were 
assessed in the PCK. First urine samples were collected 
in metabolic cages after 88 d to assess UCA after 12 h 
without water. TSV treatment of PCK animals resulted 
in significant improvement of all assessed parameters 
compared to untreated PCK without evidence of toxicity 
or detrimental effects of KDR inhibition. 

Western analysis
Control and cystic kidneys were first chopped in RIPA 
buffer supplemented with protease and phosphatase 
inhibitors (RIPA+), to minimize the contribution of cyst 
fluid protein to the total cellular protein. Tissue lysates 
were then extracted in fresh RIPA+ as previously 
described[34] and were adjusted to an equal amount of 
protein (1.5 mg) (determined by BCA assay, Pierce, 
Rockford, IL, United States) per milliliter based on the 
least concentrated sample. 

For Western analysis, 30 mg of the original tissue 
lysate (after volume adjustment), were denatured with 5 
× sample buffer; and subjected to SDSPAGE on 4% to 
20% gradient gels, and were transferred onto membrane 
by Western blotting. The levels of total protein and active 
(phosphorylated) proteins were determined using specific 
primary antibodies, followed by peroxidaseconjugated 
appropriate secondary antibody and visualized by ECL 
(GE Healthcare BioSciences Corp, Piscataway, NJ, 

United States). Transfer efficiency and molecular weight 
determinations were performed with Rainbow® MW 
markers (GE Healthcare BioSciences Corp, Piscataway, 
NJ, United States). Bands were semiquantitatively 
compared using NIH Image 1.62. The densitometry 
value of wildtype untreated control was arbitrarily set at 1 
and the densitometry of the other bands was compared 
to this value. Both Westerns and respective densitometry 
data shown are representative of three independent 
experiments with reproducible findings.

Antibodies
Rabbit polyclonal antibody to pan Src (#2108), pSrc 
(#2101), EGFR (#4267), pEGFR (pY1068) (#3777), 
ERK1/2 (#4695), pERK1/2 (#4376), KDR (#9698, 
#2472), pKDR (#3770), and βactin (#3700) were 
purchased from Cell Signaling Technology (Beverly, MA, 
United States). Mouse antirat (#550300) and rat anti
mouse (#553708) CD31 (PECAM1) (#550300) was 
purchased from BD Biosciences (San Jose CA, United 
States) and antimouse CD31 (ab28364), ErbB2 
(ab16901), and pErbB2 (ab131102) was purchased 
from Abcam Inc. (Cambridge, MA, United States) and 
used to probe Western blots. A rabbit polyclonal to 
βactin (ab8227) was used to monitor protein loading of 
Westerns.

Histology, immunohistology, and determination of 
segmental nephron cyst localization
All kidney and liver tissues were fixed in 4.0% para
formaldehyde in phosphate buffer (pH = 7.4) for 30 
min at 4 ℃, dehydrated and embedded in paraffin. 
Segmental nephron cyst localization and collecting 
tubule (CT) CI were quantitated in each experimental 
group by combining morphometric analysis with 
light microscopy and immunohistology as previously 
described[34,35,37,42]. 

Kidney weight/body weight ratio and renal CI
At P21, or PN90 control and cystic, treated and un
treated animals were given the last dose weight, as 
were both excised kidneys. Total kidney weights to 
body weight ratios were calculated. The degree of 
CT cyst formation was quantitatively assessed by 
segment specific morphometric analysis as previously 
described[34,37,42] and expressed as the CI (see below). 
Cyst localization was determined by segment-specific 
lectin binding using Dolichos biflorus agglutinin (DBA) 
as a marker for CTs and Lotus tetragonolobus agglutinin 
(LTA) as a marker for proximal tubules[34,37,42]. For each 
treatment group, a CT CI was determined on 5 to 6 
affected pups.

The CI is a model specific means to assess the 
degree of disease burden or progression based on the 
natural progression of the renal disease and hepatic 
disease (BDE in bpk) and (LW/BW in PCK) In the bpk, 
the CI and BDE index are on a scale of 1 to 5 based on 
the disease burden normally present at PN0, 5, 10, 15, 
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and 20. The renal index in bpk measures the number 
and size of PT and CT cysts and the BDE (also a 1-5 
scale) is based on the number of abnormal portal triads 
in the left lobe of the liver that is seen during the natural 
progression in the bpk.

The PCK CI is on a scale of 1 to 10 based on the 
number and size of cystic lesions seen at 15 d intervals 
beginning at PN15 and ending at PN150. Since all cysts 
occur in CT segments the number and size of these 
lesions are evaluated. The hepatic lesions in the PCK are 
biliary cysts and all are affected to varying degrees so 
we use a simple LW/BW ratio to assess hepatic disease 
progression.

The kidney and left lobe of the liver in bpk and 
kidney in PCK is embedded medulla side down and a 
minimum of 3, 4 mmol/L thick sections at depths 100 
µMs apart (25 sections) are evaluated as previously 
described[34,37,42].

Analysis of renal function and UCA
Animals were deprived of water for 12 h prior to 
collection of urine samples for determination of UCA. 
Urinary concentrating was determined by freeze point 
using a freezing point osmometer (Multi-Osmette; 
Model 2430, Precision Instruments Inc. 

Blood samples were obtained by cardiac puncture 
for serum BUN and CR measurements. Serum BUN and 
CR was determined on an automated clinical chemistry 
analyzer as previously described[37].

Statistical analysis
The significance of differences between experimental 
groups was determined by a oneway analysis of va
riance. Results are expressed as means ± SD.

RESULTS
BPK
The in vivo activity of TSV was evaluated in the bpk 
mouse, a phenocopy of ARPKD based on the dual 
organ abnormalities seen in this model. It is a rapidly 
progressing model that results in ESRD and death by PN 

24. The rapid progression simulates the clinical course 
of severe ARPKD presenting in newborns. The bpk 
model provides a relatively rapid means of assessing 
the in vivo efficacy of a potential therapeutic compound. 
Given the reported activity of TSV against the vascular 
endothelial growth factor receptor 2 (VEGFR2 or KDR), 
the bpk model is also a good model to evaluate the 
inhibition of angiogenesis inhibition during postnatal 
cystic kidney development. 

Both wildtype (WT) (BALB/c(Bicc+/Bicc+)) and cystic 
(bpk) (bpk(Bicc-/Bicc-)) mice were administered the HCL 
salt of TSV, by intraperitoneal (IP) injections at 7.5 and 
15 mg/kg per day starting at PN4. At PN21 the animals 
were weighted for the last time and kidney and liver 
tissues were harvested 2 h following the last injection 
of TSV. The following parameters were assessed: body 
weight, total kidney weight (TKW); KW/BW ratios; and 
morphometric determination of a CI. Renal function 
was assessed by: Serum BUN; CR; and a 12 h UCA. 
Validation of reported targets including the level of 
angiogenesis and inhibition of angiogenesis (active 
VEGFR2/KDR) was assessed by Western analysis. 
TSV treatment of bpk mice resulted in significant 
improvement of all assessed parameters compared 
to untreated or vehicle treated cystic animals without 
significant changes in body weight, evidence of toxicity 
or detrimental effects of the inhibition of KDR (Table 1).

Figure 1 reveals that TSV administration to bpk 
animals from PN4 to PN21 (18 doses) results in a 
dose dependent reduction in whole kidney size when 
compared to untreated bpk cystic kidneys. The change 
in whole kidney size is also reflected in the dose 
dependent significant decrease in TKW from 2.03 ± 0.28 
g in untreated bpk (column E, Table 1) to 1.59 ± 0.19 (P 
< 0.001) and 1.21 ± 0.10 g (P < 0.001) with TSV at 7.5 
mg/kg per day (column G, Table 1) and 15 mg/kg per 
day (column H, Table 1) respectively.

The reduction in whole kidney size and TKW for bpk 
kidneys is associated with markedly improved renal 
morphology as shown in Figure 2. Accordingly, the CI 
was significantly reduced by treatment as seen in Table 1. 

The CI index was reduced by 25% in bpk mice from 

Untreated               Treated                  Untreated            Treated               Treated
TSV 15                                            TSV 7.5               TSV 15

mg/kg per day                                mg/kg per day      mg/kg per day

A                       B                           C                         D                      E

BALB/c               BALB/c                    BPK                      BPK                    BPK 

PN21                PN21                       PN21                    PN21               PN21

Figure 1  Tesevatinib treatment in the BPK model of autosomal 
recessive polycystic kidney disease. Compared to wild-type BALB/
c control kidneys (A) at PN21, BPK cystic kidneys (C) are extremely 
enlarged by PN21. TSV treatment resulted in a dose-dependent 
reduction in the overall kidney size at doses of 7.5 mg/kg per day (C) 
and 15 mg/kg per day (D) when compared to PN21 BPK untreated 
cystic kidneys (C). Treatment of wildtype BALB/c with 15 mg/kg per 
day (B) did not result in significant reduction of overall kidney size 
when compared to untreated BALB/c kidneys (A). This correlates 
directly with the total kidney weight (TKW) of each group listed in 
Table 1. Further, the morphology of wildtype TVS treated kidneys 
seen in Figure 2A shows no obvious signs of toxicity (Treatment 
interval: PN4-PN21). TSV: Tesevatinib.
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4.80 ± 0.4 to 3.60 ± 0.52 (P < 0.001) treated with 
TSV at 7.5 mg/kg per day and by 48% (2.5 ± 0.5, P < 
0.001) in BPK mice treated with TSV at 15 mg/kg per 
day compared to untreated bpk kidneys (Table 1).

The morphology of bpk kidney and liver shown 
in Figures 2 and 3 respectively, demonstrates a dose 
dependent reduction in the progression of disease in 
both kidney and liver respectively. The red labelled CTs 
cysts in PN21 untreated bpk animals (Figure 2B) are 
very large with little normal parenchyma in between. 
TSV treatment reduces the number and size of the CT 
cysts in kidneys treated with TSV at 7.5 mg/kg per day 
(Figure 2C) and 15 mg/kg per day (Figure 2D). Kidneys 
shown in Figure 2C and D reveal LTA labelled proximal 
tubule cysts (brown) that are indicative of a “younger” 
PKD disease course as previously described[34,35,43]. The 

improved morphology with TSV treatment correlates 
with the reduced whole kidney size (Figure 1) as well as 
with the reduced TKW, CI and BDE index in Table 1.

All morphometric measures of renal disease and 
liver abnormalities associated with ARPKD, as well as 
all renal functional parameters improved in a dose 
dependent manner in bpk with TSV administration. In 
the bpk, at PN21 this included an improvement in: BUN 
of 41% (P < 0.001) and 62% (P < 0.001); serum CR 
improved 25.5% (P < 0.01) and 49% (P < 0.001); and 
the UCA improved by 25% (P < 0.05) and 69.4% (P < 
0.001) with 7.5 and 15 mg/kg per day respectively as 
seen in Table 1. 

There was also a marked change in biliary ductal 
ectasia (BDE) with TSV treatment as assessed by 
histological evaluation of hepatic morphology in the bpk 

BALB/c PN21 + TSV (15 mg/kg per day) BPK PN21 untreated

BPK PN21 TSV treated (7.5 mg/kg per day) BPK PN21 TSV treated (15 mg/kg per day)

Figure 2  Renal morphology of tesevatinib-treated BPK 
kidneys. Immuno-histological analysis of BPK kidneys 
reveals a marked decrease in the size and number of 
collecting tubule cysts (stained red) following treatment with 
TSV at 7.5 mg/kg per day (C) and 15 mg/kg per day (D) when 
compared to the untreated cystic kidneys (B). Treatment of 
control BALB/c kidneys with TSV at 15 mg/kg per day (A) 
demonstrated no obvious histological abnormalities (Nephron 
segment-specific lectin binding of lotus tetragonolabus 
agglutin shows proximal tubules in brown, and binding of 
dolichus biflorus agglutin shows collecting tubules in red). 
TSV: Tesevatinib.

A B

C D

Table 1  BPK summary data

WT PN-21 
Sham n  = 22

WT PN-21 
VEH n  = 10

WT PN-21 TSV 
7.5 n  = 10

WT PN-21 TSV 
15 n  = 10

BPK PN-21 
Sham n  = 17

BPK PN-21 
VEH n  = 12

BPK PN-21 TSV 
7.5 n  = 10

BPK PN-21 TSV 
15 n  = 14

BW (g)   10.31 ± 0.55   10.76 ± 0.72   10.57 ± 0.80   10.10 ± 0.29 10.46 ± 0.60 10.29 ± 0.45  10.50 ± 0.96 10.11 ± 0.50
TKW (g)     0.15 ± 0.01     0.16 ± 0.02   0.141 ± 0.02     0.13 ± 0.01   2.03 ± 0.28   2.01 ± 0.22     1.59 ± 0.19e      1.21 ± 0.09f,e

KW/BW (%)     1.41 ± 0.10     1.50 ± 0.12     1.33 ± 0.08     1.25 ± 0.09 19.32 ± 1.71 19.57 ± 1.62 15.12 ± 1.1e    11.96 ± 1.22f,e

CI NA NA NA NA    4.7 ± 0.50     4.8 ± 0.42       3.6 ± 0.52e      2.50 ± 0.35f,e

BUN (mg/dL)   19.25 ± 1.14   21.20 ± 1.99   18.60 ± 2.07 19.40 ± 1.5 108.3 ± 17.8    112 ± 23.3      63.6 ± 20.3e      40.9 ± 13.7d,e

Cr (mg/dL)     0.24 ± 0.05     0.29 ± 0.06     0.24 ± 0.05     0.28 ± 0.06   0.55 ± 0.14   0.58 ± 0.10   0.41 ± 0.1b      0.28 ± 0.07c,e

12 h UCA 1043 ± 35 1065 ± 52 1026 ± 39 1024 ± 27 465 ± 83 460 ± 92   581 ± 67a         786 ± 185.2d,e

BDE NA NA NA NA   4.8 ± 0.4   4.5 ± 0.5   3.70 ± 0.4b      2.8 ± 0.4d,e

aP < 0.05, bP < 0.01, eP < 0.001 vs untreated (Sham) BPK; cP < 0.05, dP < 0.01, fP < 0.001 vs BPK TSV treatment at 7.5. CI: Cystic index; UCA: Urinary 
concentration ability at 12 h; BDE: Biliary ductal ectasia; KW/BW: Kidney weight to body weight; NA: Not applicable; TKW: Total kidney weight.
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(Figure 3 and Table 1). BDE at PN21 of TSV treated cystic 
mice (Table 1) was significantly reduced by 25% from 
4.80 ± 0.50 to 3.70 ± 0.40 (P < 0.01) with 7.5 mg/kg 
per day and was furthered reduced by 42% to 2.80 ± 0.40 
(P < 0.001) with TSV treatment at 15 mg/kg per day. 

Treatment of BALB/c wildtype control animals 
showed no statistical difference in any assessed para
meters including renal function at 7.5 or 15 mg/kg 
per day dose when compared to untreated wildtype 
animals. The morphology of both the kidney (Figure 2A) 
and liver (Figure 3A) at the 15 mg/kg per day dose and 
the lack of change in renal function (Table 1) at either 
dose indicated no obvious signs of toxicity with TSV 
administration.

Kinase target validation was assessed in the bpk 
kidneys treated with TSV. As seen in the Western blots 
of Figure 4, TSV targeted the kinases previously shown 
to play a role in proliferation and cystic disease in renal 
epithelia. The use of TSV resulted in a significantly 
reduced phosphorylation level of EGFR (Figure 4A3, and 
4A4), cSrc (Figure 4C3 and 4C4) and ERK1/2 (Figure 
4E3 and 4E4). For these key kinases, TSV treatment 
of 15 mg/kg per day resulted in phosphorylation levels 
similar to untreated control kidneys (Figure 4, lanes A4, 
C4 and E4 compared to wildtype control levels as seen 
in Figure 4 lane 1 of panel A, C and E).

An obvious consideration with the potential use of 
TSV in pediatric patients is deleterious side effects due 
to disruption of developmentally critical proteins. A 
particular concern is the effect of TSV on angiogenesis. 
The inhibition of KDR or VEGFR2 ideally would not 
cause a reduction in activity of the receptor much below 
wildtype levels where inhibition of angiogenesis would 
likely have significant detrimental effects on normal 
kidney development. The rapidly progressive bpk was 
used to evaluate the inhibitory effect of KDR during 
postnatal development.

To investigate the level of angiogenesis inhibition 
we measured the change in VEGFR2 (KDR) activity in 
bpk (Figure 5). As Figure 5 shows, the amount of active 
pKDR in TSVtreated kidneys at 15 mg/kg per day is not 
significantly different from the level of untreated wild type 
controls. The expression data of CD31 or PECAM1, an 
endothelial cell protein reveal a decreased expression in 
TSV treated bpk cystic kidneys. These data demonstrate 
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p-ERK 1/2 
(Th202/Ty204)
MW ≈ 42, 44 kDa
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β-actin
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Figure 4  Target validation in BPK. Western analysis of the MAPK pathway 
activity of EGFR (p-EGFR), cSrc (pSrc), and ERK1/2 (p-ERK ½) reveals 
that BPK cystic kidneys have significantly increased levels of active or 
phosphorylated p-EGFR (A2), pSrc (C2) and ERK1/2 (E2) compared to wild-
type BALB/c control levels in lanes (A1, C1 and E1) respectively. TSV treatment 
at 7.5 or 15 mg/kg per day resulted in a dose dependent reduction in the 
phosphorylation or activity of p-EGFR (A3 and A4), and p-Src (C3 and C4) that 
correlated directly to a reduction in the activity of ERK1/2 (p-ERK1/2: E3 and 
E4).The reduced level of phosphorylated proteins occurred without changes 
in the level of total EGFR (B2, B3 and B4), total Src (D2, D3 and D4) or total 
ERK1/2 (F2, F3 and F4). The numbers below the band in each lane represents 
the average ± SD (n = 3) of the relative density of each band when normalized 
to the wildtype BALB/c control value arbitrarily set at 1.
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1               2                3                4

1.0       2.8 ± 0.3   1.4 ± 0.1   0.9 ± 0.2

1.0       2.3 ± 0.2   2.2 ± 0.4   2.2 ± 0.5

1.0       2.4 ± 0.3   1.5 ± 0.3   0.9 ± 0.3

1.0        2.7 ± 0.4   2.7 ± 0.3   2.7 ± 0.3

1.0         1.9 ± 0.5      1.4 ± 0.3   1.2 ± 0.2

1.0          2.5 ± 0.3    2.4 ± 0.3    2.4 ± 0.3

BPK PN21 untreated BPK PN21 TSV treated (7.5 mg/kg per day) BPK PN21 TSV treated (15 mg/kg per day)

A B C

Figure 3  Liver morphology of tesevatinib-treated BPK mice. Histological analysis of hematoxylin stained BPK livers reveals a marked decrease in the biliary 
ductal ectasia (arrow) following treatment with TSV at 7.5 mg/kg per day (B) (arrow) and 15 mg/kg per day (C) when compared to untreated BPK livers (A) (Treatment 
interval: PN4-PN21).
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that inhibition of angiogenesis as assessed by pKDR 
translated into a reduced expression of CD31. As seen 
in Figure 6, the level of CD31, is increased around cystic 
CT (6B) when compared to agematched BALB/c animals 
(6A). It appears that TSV treatment eliminates abnormal 
peritubular CD31 expression but still permits the robust 
expression of CD31 in glomeruli (6C) of TSV treated bpk 
kidneys.

PCK
The orthologue of human ARPKD, the PCK, and Sprague 
Dawley wildtype controls were administered TSV by oral 
gavage from PN30 to PN90 and the same parameters 
assessed following TSV administration as in the bpk.

Figure 7 reveals that TSV administration to PCK 
animals from PN30 to PN90 (61 doses) results in a 
dose dependent reduction in whole kidney size when 
compared to untreated PCK. The change in whole kidney 
size is also reflected in the dose dependent significant 
decrease in TKW from 8.02 ± 0.32 g in untreated PCK to 
6.21 ± 0.44 (P < 0.001) and 5.06 ± 0.43 g (P < 0.001) 
with TSV at 7.5 and 15 mg/kg per day respectively as 
shown in Table 2. The reduction in whole kidney size 
and TKW is associated with markedly improved renal 
morphology shown in Figure 8. Accordingly, the CI was 
significantly reduced by treatment as seen in Table 2. 
The improved renal morphology was mirrored by a dose 
dependant improvement in hepatic morphology as seen 
in Figure 9 which was reflected in a reduced LW/BW 
ratio listed in Table 2. 

Results summarized in Table 2, demonstrate th-
at compared to untreated PCK animals (n = 10), 
cystic animals treated with TSV showed an 18%, (P 
< 0.01) and 36% (P < 0.001) reduction in KW/BW 
ratio, reductions in CI of 29%, (P < 0.001) and 49%, 
(P < 0.001) and a 10% (P < 0.05) and 18% (P < 
0.001) reduction in LW/BW ratios. There was a dose 
dependent improvement in KW/BW of 26% and CI 
of 28% with increased dosage from 7.5 to 15 mg/kg 
per day. Compared to untreated PCK animals, renal 
function parameters also demonstrated significant dose 
dependent improvement with TSV treatment. BUN 
levels decreased by 26% (P < 0.01), and 49% (P < 
0.001), CR levels decreased by 24% (P < 0.01) and 
43% (P < 0.001) while UCA improved by 36% (P < 
0.001) and 47% (P < 0.001) following TSV treatment 
with 7.5 and 15 mg/kg per day respectively. Treatment 
of SD controls shows no significant differences in 
assessed parameters at either TSV dose. 

The improvement in morphology and renal function 
correlates with target verification shown in Figure 10. 
The activity (phosphorylation) of ErbB2 (Figure 10A3 
and A4) Src (Figure 10C3 and 10C4) ERK1/2 (Figure 
10E3 and 10E4) are reduced in a dose dependent 
manner with treatment with TSV at 7.5 and 15 mg/kg 
per day respectively. Figure 11 demonstrates that TSV 
reduces pKDR levels which correlates with a reduced 
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Figure 5  VEGFR2 (KDR) and CD-31 expression in BPK. Western analysis of 
the renal expression of VEGF2 (KDR) in BPK (B), and active (p-KDR) in BPK 
kidneys (A) demonstrate an increased phosphorylation of KDR in untreated 
cystic kidneys (2) compared to BALB/c untreated wildtype controls (A1). TSV 
treatment of BPK at 7.5 (A3) and 15 mg/kg per day (A4) respectively, reduced 
the level of p-KDR in a dose dependent manner to near normal (wildtype) 
levels. This reduced p-KDR correlated directly with expression levels of CD-31 
shown in (C) which was also reduced in a dose dependent manner with TSV 
treatment. The numbers below the band in each lane represents the average 
± SD of the relative density of each band when normalized to the wildtype 
BALB/c control value arbitrarily set at 1. D is the loading control. Each average 
represents a minimum of n = 3 individual westerns. These data are confirmed 
by the morphology of CD-1 stained BPK kidneys shown in Figure 6.

Table 2  PCK summary data

SD PN-90 
Sham n  = 12

SD PN-90 
VEH n  = 10

SD PN-90 7.5 
mg/kg per day 

n  = 8 

SD PN-90 15 
mg/kg per day 

n  = 8

PCK PN-90 
Sham n  = 10

PCK PN-90 
VEH n  = 12

PCK PN-90 7.5 
mg/kg per day n  

= 10

PCK PN-90 
15 mg/kg per 
day n  = 12

BW (g)   375.9 ± 12.1        380 ± 19.46        375 ± 23.23      377 ± 13.31    434 ± 16.6 417.8 ± 21.0  413.4 ± 18.7 406.0 ± 18.5
TKW (g)     3.63 ± 0.46     3.70 ± 0.22     3.71 ± 0.16   3.85 ± 0.32   8.02 ± 0.32   7.54 ± 0.52     6.21 ± 0.44e     5.06 ± 0.43e,f

KW/BW (%)     0.96 ± 0.10     0.97 ± 0.04    0.99.± 0.6   0.91 ± 0.33   1.84 ± 0.09   1.81 ± 0.05     1.50 ± 0.11b   1.18 ± 0.1c,e

CI NA NA NA NA 7.44 ± 0.8   7.0 ± 0.6      5.3 ± 1.0e     3.8 ± 0.9d,e

BUN (mg/dL) 21.17 ± 1.2 22.40 ± 1.6 23.50 ± 1.7 23.6 ± 1.9   49.2 ± 12.7 48.88 ± 15.3 36.40 ± 4.4b 24.17 ± 8.7c,e

Cr (mg/d)     0.33 ± 0.08     0.34 ± 0.12     0.36 ± 0.05   0.34 ± 0.08 0.67 ± 0.1   0.66 ± 0.12     0.51 ± 0.08b     0.38 ± 0.07c,e

UCA 12 h   2778 ± 159   2983 ± 421    2749 ± 63.1 2712 ± 113    1390 ± 221.9 1448 ± 236    2196 ± 169e   2630 ± 214d,e

LW/BW (%)       4.3 ± 0.47     4.2 ± 0.7     4.13 ± 0.57   4.00 ± 0.65   6.02 ± 0.35   6.08 ± 0.42     5.40 ± 0.21b     4.92 ± 0.27c,e

aP < 0.05, bP < 0.01, eP < 0.001 vs untreated (Sham) PCK; cP < 0.05, dP < 0.01; fP < 0.001 vs TSV treatment at 7.5. CI: Cystic index; UCA: Urinary concentration 
ability at 12 h; LW/BW: Measure of cyst burden; KW/BW: Kidney weight to body weight; TKW: Total kidney weight.
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Untreated               Treated                  Untreated            Treated               Treated
TSV 15                                            TSV 7.5               TSV 15

mg/kg per day                                mg/kg per day      mg/kg per day

A                     B                         C                          D                      E

SD                   SD                      PCK                        PCK                  PCK 

PN90                PN90                    PN90                     PN90                PN90

Figure 7  Tesevatinib treatment in the PCK model of autosomal 
recessive polycystic kidney disease. Compared to wild-type SD 
control kidneys (A) at PN90, PCK cystic kidneys (C) are significantly 
enlarged by PN90. TSV treatment results in a dose-dependent 
reduction in the overall kidney size at doses of 7.5 mg/kg per day (D) 
and 15 mg/kg per day (E) when compared to untreated PCK cystic 
kidneys at PN90 (C). Treatment of wildtype SD with 15 mg/kg per 
day did not result in significant reduction of overall kidney size (B) 
compared to untreated wildtype SD animals. This correlates directly 
with the total kidney weight (TKW) of each group listed in Table 2 
(Treatment interval: PN30-PN90). TSV: Tesevatinib.

SD PN90 + TSV (15 mg/kg per day) PCK PN90 untreated

PCK PN90 TSV treated (7.5 mg/kg per day) PCK PN90 TSV treated (15 mg/kg per day)

A B

C D

Figure 8  Renal morphology of tesevatinib-
treated PCK kidneys. Histological analysis 
of HE stained PCK kidneys reveals a marked 
decrease in the size and number of collecting 
tubule cysts following treatment with TSV at 7.5 
mg/kg per day (C) and 15 mg/kg per day (D) 
when compared to untreated cystic kidneys (B). 
Treatment of control Sprague Dawley kidneys 
at 15 mg/kg per day (A) revealed no histological 
abnormalities (Treatment Interval: PN30-PN90). 
TSV: Tesevatinib.

BALB/c PN21 untreated BPK PN21 untreated BPK PN21 TSV treated 15 mg/kg per day

Figure 6  Immuno-histological analysis of CD-31 expression in tesevatinib-treated BPK kidneys. Expression of CD-31 (PECAM1) (red), a marker of 
endothelium, in PN21 wild-type BALB/c kidneys (A) reveals fine thin lines of endothelial elements that run along the nephrons. Untreated BPK kidneys (B) demonstrate 
prominent expression of CD-31 along the tubules and pronounced expression surrounding cystic lesions. TSV-treated cystic kidneys at 15 mg/kg per day (C) reveal a 
marked reduction in CD31 expression along the tubules to near normal levels but maintain robust glomerular staining of CD-31.

A B C
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CD31 level with TSV therapy. 

Toxicology
Treatment of bpk mice and PCK rats with TSV de
monstrated no apparent morphological evidence of renal 

or hepatic toxicity, no compoundrelated deaths, and no 
microscopic changes in heart, spleen, stomach, pancreas 
or thymus with 7.5 mg/kg per day or 15 mg/kg per day 
dosing. 

In sum, the use of TSV at 7.5 or 15 mg/kg per day 
results in a significant improvement in all assessed 
parameters compared to untreated or vehicle treated 
cystic animals in both bpk and PCK animals without 
obvious evidence of toxicity or detrimental effect of KDR 
inhibition. 

DISCUSSION
A long-recognized clinical observation is the overlap 
of phenotypic features that at times leads to dif
ficulty delineating ARPKD from ADPKD in pediatric 
patients[3,5,16]. Data now reveal that the pathophysiology 
of the two diseases have significant overlap. Recent 
evidence revealed a complex set of interactions bet
ween PKHD1, PKD1 and PKD2 that occur both at the 
molecular and cellular level[5,15,2023]. Despite the iden
tification of the causative genes responsible for ARPKD 
and ADPKD, the precise function of these genes and 
their protein products is still unclear. 

This complexity, in part, is due in part to many novel 
attributes of the genes including: (1) the complexity of 
their protein structures; (2) the large size of PKHD1 and 
PKD1; (3) the multiple transcripts produced by these 
genes; (4) the interaction of the PKD proteins; (5) the 
multiple intracellular sites of PKD protein localization; 
and (6) the participation of these proteins in a number 
of multimeric protein complexes[5,1719,44]. The lack of 
functional PC1, PC2 or fibrocystin is embryonically 
lethal, indicating and PKD begins in utero[25]. ARPKD and 
ADPKD share common phenotypic abnormalities and 
intersecting signaling pathways whose disruption leads 
to cyst formation[3,5,16,23,34]. Despite this rudimentary 
understanding, emerging molecular and cellular insights 
into the pathophysiology of PKD is beginning to translate 
into unique disease-specific, targeted therapies.

Previous work in our laboratory demonstrated that 

PCK PN90 untreated PCK PN90 TSV treated 7.5 mg/kg per day PCK PN90 TSV treated 15 mg/kg per day

Figure 9 Liver morphology of tesevatinib-treated PCK mice. Histological analysis of PCK livers reveals a marked decrease in the size and number of biliary ductal 
cysts following treatment with tesevatinib at 7.5 mg/kg per day (B) and 15 mg/kg per day (C) when compared to untreated PCK livers (A) (Treatment interval: PN30-
PN90).
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Figure 10  Target validation in BPK. Western analysis of the MAPK pathway 
activity of EGFR (p-EGFR), cSrc (pSrc), and ERK1/2 (p-ERK ½) reveals 
that BPK cystic kidneys have significantly increased levels of active or 
phosphorylated p-EGFR (A2), pSrc (C2) and ERK1/2 (E2) compared to wild-
type BALB/c control levels in lanes (A1, C1 and E1) respectively. TSV treatment 
at 7.5 or 15 mg/kg per day resulted in a dose dependent reduction in the 
phosphorylation or activity of p-EGFR (A3 and A4), and p-Src (C3 and C4) that 
correlated directly to a reduction in the activity of ERK1/2 (p-ERK1/2: E3 and 
E4).The reduced level of phosphorylated proteins occurred without changes 
in the level of total EGFR (B2, B3 and B4), total Src (D2, D3 and D4) or total 
ERK1/2 (F2, F3 and F4). The numbers below the band in each lane represents 
the average ± SD (n = 3) of the relative density of each band when normalized 
to the wildtype BALB/c control value arbitrarily set at 1.
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the combination of therapies that inhibit both the 
epidermal growth factor receptor (EGFR) autopho
sphorylation and EGFR ligand availability provide a 
novel example of effective combination therapy in 
murine PKD[37]. Extending this concept, we reasoned 
that identification of signaling intermediates which: (1) 
regulate multiple steps in a single pathophysiological 
pathway; in addition to acting as; and (2) an integration 
point for multiple signaling cascades may provide even 
greater benefit than EGFR combination therapy noted 
above. Key integration points for targeting to prevent 
disease progression include the activation of the EGFR 
axis, cSrc, and VEGFR2 by specific kinases[3,34,40,4550] 
and cAMP signaling[5153]. This led us to examine the 
potential of a novel multikinase inhibitor, TSV, in pre
venting progression of ARPKD.

Given the differences in route of administration, 
the speed of disease development and the fact that 
the measure of the disease burden in the kidney and 
liver are model specific make direct comparison of the 
results in bpk and PCK unreliable. It is also difficult to 
compare these results to other interventional therapies 
we have attempted in these models because we tested 
two doses only on the basis of recommendations from 
Kadmon. Never the less the current study demonstrates 
that TSV ameliorates the progression of renal cystic 
disease in two well characterized rodent models of 
ARPKD. Further, TSV’s inhibition of the phosphorylation 
of c-Src, EGFR and ErbB2 led to significant reduction of 
MAPK activity (ERK 1/2 phosphorylation), and resultant 
cellular proliferation. In addition to amelioration of renal 
cystic disease, TSV also led to significant reduction in 
the biliary ductal abnormalities characteristic of ARPKD 

in BPK and in the LW/BW ratios of PCK. The results of 
the current study also indicate that the use of a multi
kinase inhibitor that targets angiogenesis driven by KDR 
or VEGFR2 can be an effective and safe therapy during 
postnatal renal maturation and development. 

Preliminary data from the ongoing phase Ⅱ clinical 
trial of TSV (KD019) for treatment of ADPKD (https//
ClinicalTrials.gov/ADPKD: NCT01559363) presented 
at the American Society of Nephrology 2015 annual 
meeting reported: (1) QTc prolongation to ≥ 485 ms 
was seen in 2/8 pts treated with 100 mg/d; (2) The 
halflife in adults allowed for intermittent dosing which 
improved tolerability; (3) The most common AEs were 
those associated with EGFR kinase inhibition: Diarrhea; 
nausea; and acneiform rash; and (4) 50 mg/d appeared 
to be safe and well tolerated and additional patients 
were being enrolled at this dose to confirm the safety 
profile[54].

On balance, these data suggest that TSV may be a 
safe and effective therapy for childhood ARPKD.

COMMENTS
Background
The study detailed here was designed to ascertain if a multi-kinase inhibitor 
“tesevatinib” would effectively slow the growth of renal cysts and reduce the 
loss of renal function in two well characterized models of autosomal recessive 
polycystic kidney disease (ARPKD). This compound targets the EGFR axis, cSrc 
and it inhibits angiogenesis by preventing phosphorylation of VEGFR2 (also 
called KDR). The bpk mouse was chosen to examine the effect of KDR inhibition 
on post-natal development and the orthologous PCK was chosen to examine the 
effect of oral dosing on inhibition of the target signaling pathways. Tesevatinib 
inhibit renal cyst growth in both models without overt signs of toxicity.

Research frontiers
This study demonstrated that there is indeed considerable overlap in the 
aberrant signaling cascades in ARPKD and autosomal dominant polycystic 
kidney disease (ADPKD). This raises the hope that the lessons learned from 
therapeutic interventions in ADPKD can be adapted for ARPKD patients.

Innovations and breakthroughs
The most exciting result of this study is that inhibition of angiogenesis, an 
important component of cyst growth, can now be added to arsenal to slow 
cyst growth when activity (phosphorylation) is cautiously reduced to normal or 
wildtype levels. This inhibition with tesevatinib contributed to the amelioration of 
cyst growth without overt signs of toxicity even in early post-natal development. 

Applications
The value of these results is that effective therapies developed and tested for 
ADPKD patients can be for use in ARPKD patients. A multi-kinase drug with 
multiple targets theoretically would reduce the amount of compound necessary 
to achieve equivalent results compared to amounts needed with single target 
drugs. This effectively reduces the exposure to the compounds and would 
result in reduced toxicity and potentially allow long term use of the therapeutic 
compound. This should accelerate the use of therapeutic compounds in clinical 
trials of ARPKD patients.

Terminology
The activity of a kinase refers to the phosphorylation state of the molecule. It 
generally means the target molecule becomes phosphorylated and this results 
in increased activity until it is de-phosphorylated by another molecule. A multi-
kinase inhibitor is a compound that targets multiple signaling components 
simultaneously and can prevent phosphate from binding to and activating 
the signaling components thus rendering the molecule useless. This occurs 
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(Tyr1054/1059)
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B

C

D

Figure 11 VEGFR2 (KDR) and CD-31 expression in PCK. Western analysis 
of the renal expression of VEGF2 (KDR) in PCK (B), and active (p-KDR) in PCK 
kidneys (A) demonstrate an increased phosphorylation of KDR in untreated 
cystic PCK kidneys (A2) compared to SD untreated wildtype controls (A1). TSV 
treatment of PCK at 7.5 (A3) and 15 mg/kg per day (A4) respectively, reduced 
the level of p-KDR in a dose dependent manner to near normal (wildtype) 
levels. This reduced p-KDR correlated directly with expression levels of CD-31 
shown in C, which was also reduced in a dose dependent manner with TSV 
treatment. The numbers below the band in each lane represents the average 
± SD of the relative density of each band when normalized to the wildtype 
SD control value arbitrarily set at 1. D is the loading control. Each average 
represents a minimum of n = 3 individual westerns.
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simultaneously and provides a means hitting two or more targets with a single 
compound. 

Peer-review
This paper was well-written.
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Abstract
AIM
To test whether muscle mass evaluated by creatinine 
excretion (EXCr) is maintained in patients with end-stage 
kidney disease (ESKD) treated by peritoneal dialysis (PD), 
we evaluated repeated measurements of EXCr in a PD 
population. 

METHODS
One hundred and sixty-six PD patients (94 male, 72 
female) receiving the same PD dose for the duration of 
the study (up to approximately 2.5 years) had repeated 
determinations of total (in urine plus spent dialysate) 24-h 
EXCr (EXCr T) to assess the adequacy of PD by creatinine 
clearance. All 166 patients had two EXCr T determinations, 
84 of the 166 patients had three EXCr T determinations 
and 44 of the 166 patients had four EXCr T measurements. 
EXCr T values were compared using the paired t  test in the 
patients who had two studies and by repeated measures 
ANOVA in those who were studied three or four times.

RESULTS
In patients who were studied twice, with the first and 
second EXCr T measurements performed at 9.2 ± 15.2 mo 
and 17.4 ± 15.8 mo after onset of PD, respectively, EXCr 
T did not differ between the first and second study. In 
patients studied three times and whose final assessment 
occurred 24.7 ± 16.3 mo after initiating PD, EXCr T did 
not differ between the first and second study, but was 
significantly lower in the third study compared to the 
first study. In patients who were studied four times and 
whose fourth measurement was taken 31.9 ± 16.8 mo 
after onset of PD, EXCr T did not differ between any of 
the studies. The average EXCr T value did not change 
significantly, with the exception of the third study in the 
patients studied thrice. However, repeated determinations 
of EXCr T in individuals showed substantial variability, with 
approximately 50% of the repeated determinations being 
higher or lower than the first determination by 15% or 
more.

CONCLUSION
The average value of EXCr T remains relatively constant 
for up to 2.5 years of follow-up in PD patients who adhere 
to the same PD schedule. However, repeated individual 
EXCr T values vary considerably in a large proportion of 
the patients. Further studies are needed to evaluate 
the clinical significance of varying EXCr T values and the 
stability of EXCr T beyond 2.5 years of PD follow-up.

Key words: Creatinine excretion; Peritoneal dialysis; Lean 
body mass; Muscle mass

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Total creatinine excretion (EXCr) in urine and in 
the used peritoneal dialysis (PD) fluid is correlated with 
muscle mass and has been shown to predict survival 
and morbidity of patients on PD. This retrospective study 

evaluated the long-term constancy of 24-h excretion of 
creatinine in urine and spent peritoneal dialysate from 
patients with end-stage kidney disease treated by PD. 
Over a period of 2.5 years, the average value of total 
EXCr in the study population did not change significantly. 
However, in individuals there was a substantial variation 
of repeated measurements of total EXCr above or below 
its initial value. Approximately half of those studied 
repeatedly exhibited total EXCr above or below its initial 
value. Further studies are needed to evaluate changes, 
both increase and decrease, of EXCr in PD patients and 
the constancy of EXCr in patients on PD for more than 2.5 
years. 

Xu Z, Murata GH, Sun Y, Glew RH, Qualls C, Vigil D, Servilla 
KS, Golper TA, Tzamaloukas AH. Reproducibility of serial 
creatinine excretion measurements in peritoneal dialysis. World J 
Nephrol 2017; 6(4): 201208  Available from: URL: http://www.
wjgnet.com/22206124/full/v6/i4/201.htm  DOI: http://dx.doi.
org/10.5527/wjn.v6.i4.201

INTRODUCTION
An elevated serum creatinine concentration ([Cr]S) is a 
predictor of prolonged survival in patients undergoing 
chronic peritoneal dialysis (PD)[1]. [Cr]S is largely a 
function of muscle mass and is widely regarded as 
a reliable indicator of somatic nutrition. Exercising 
muscles secrete a variety of myokines with beneficial 
effects on various organ systems, including anti-
inflammatory effects[2]. Physical inactivity leads to 
altered pattern of myocyte secretion promoting obesity 
and atherogenesis[2]. Inactivity is prominent among 
patients treated by chronic dialysis. McIntyre et al[3] 

reported a tendency to muscle mass depletion in this 
patient group. However, a significant limitation of [Cr]S 
as an indicator of somatic nutrition is reliance on this 
parameter as the sole determinant of muscle mass. 
In the steady state, which is defined as equal rates of 
creatinine production and elimination, [Cr]S has two 
physiological determinants, the rate of production of 
creatinine (PCr) which is a function of muscle mass, and 
the rate of removal of creatinine from body fluids, which 
is expressed as creatinine clearance (CCr). This relation 
is expressed as [Cr]S = PCr/CCr. Consequently, variations 
in CCr in patients on PD can result in variations in [Cr]S 
that are unrelated to muscle mass[4]. 

In the steady state, the total amount of creatinine 
excreted in spent PD dialysate plus urine over a certain 
time period (EXCr T) is in general a better index of 
muscle mass than [Cr]S. Conditions in which EXCr T does 
not reflect muscle mass are addressed in the Discussion 
section of this report. EXCr T over 24 h was been 
proposed by Walser[5] as an index of somatic nutrition 
in the general adult population and has been evaluated 
in PD populations. Whereas high EXCr T values are 
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associated with favorable outcomes, including survival 
and continued success of PD[6,7], low values of EXCr T 
are associated with a high risk of peritonitis and PD 
catheter-related infections[8]. 

The lean body mass formula from creatinine pro-
duction (LBMCr) in PD patients[9] takes into account EXCr 
T and creatinine eliminated though metabolic creatinine 
degradation (MCD), the second variable at a clearance 
of 0.038 L/kg[10]. MCD per 24-h is calculated as 0.038 × 
[Cr]S (mg/mL) × 10 × weight (kg). EXCr T is invariably 
the larger of the two determinants of LBMCr. For example, 
in a 53-year old PD patient who weighs 70 kg and has 
a [Cr]S value of 9.5 mg/dL, estimated MCD rate will be 
253 mg/24-h. Applying a PD population-specific formula 
predicting EXCr T[11] to this illustrative example, average 
estimates of EXCr T, in mg/24-h, are 1062 if the patient 
is male and non-diabetic, 1023 if the patient is male and 
diabetic, 892 if the patient is female and non-diabetic 
and 852 if the patient is female and diabetic. High LBMCr 

values predict long survival of PD patients[12-14].
The short-term reproducibility of EXCr T in PD was 

studied by Lo and coauthors, who obtained two to four 
24-h collections of urine and spent dialysate over a 
one-week interval from five patients undergoing PD[15]. 
These authors reported maximal variations of EXCr T 
from the mean ranging between 0.32% and 19.88%. 
The purpose of the present study was to investigate 
the reproducibility of EXCr T in patients on long-term 
PD. Changes in renal function or peritoneal transport 
characteristics will change the amount of creatinine 
removed through each route. However, regardless of 
such changes steady state long-term constancy of EXCr 
T is consistent with preservation of muscle mass in PD 
patients. In contrast, a progressive decrease in EXCr T 
during PD would indicate progressive loss of muscle 
mass and deterioration of somatic nutrition.

MATERIALS AND METHODS
We analyzed creatinine excretion data collected during 
routine clearance measurements for assessment of the 
adequacy of PD. Patients included in this study were 
followed in Albuquerque during the years 1992 to 2002. 
Only patients in whom the prescribed dose of PD did 
not change during the observation period were included 
in the study. Approximately 40% of the patients were 
receiving continuous ambulatory peritoneal dialysis 
(CAPD) with four or five daily exchanges and 2.0-L 
or 2.5-L fill volume. The remaining patients received 
nocturnal automatic PD with 8-10 L fill volume plus 
one or two daytime PD exchanges with 2.0 L fill vo-
lume. Serum ([Cr]S) at the study differed from the 
preceding or following monthly value by < 0.30 mg/dL 
in all patients. None of the patients were receiving 
drugs causing increased creatinine production (e.g., 
fenofibrate). 

The focus of the study was on detecting a sta-
tistically significant decline in EXCr T. The minimal 
number of patients required to detect a 15% reduction 

in EXCr T over time was calculated by power analysis. 
For a simple power analysis, we considered repeated 
measurements at two points in time and assumed a 
correlation of 0.7 between these two samples and a 
standard deviation of EXCr T equal to 450 mg/24-h (see 
Tables in Results). The power and α value of the study 
were set at 80% and 0.05 respectively. 

Between the sequential clearance studies we 
compared the following variables: Urine volume (VU), 
drain volume (VD), weekly Kt/V urea, weekly CCr, serum 
urea nitrogen level (SUN), [Cr]S, EXCr in urine (EXCr U), 
EXCr in dialysate (EXCr D),and total creatinine excretion 
in urine plus dialysate (EXCr T). 

Statistical analysis
Results are reported as mean ± SD. Statistical com-
parisons were carried out using the two-tailed paired 
t test for patients with two clearance studies and the 
repeated measures ANOVA for patients who had three 
or four clearance studies. Statistical analysis was 
performed using SAS version 9.4.

RESULTS
Power analysis computed a minimal sample size of 37 
patients for detecting a 15% decline in EXCr T. A total 
of 166 PD patients who had been subjected to at least 
two clearance studies comprised the initial study group. 
Among these patients, 84 patients had three clearance 
studies and 44 patients had four clearance studies. 
Small number of patients, eight or less, underwent 
five or more studies. Consequently, this study includes 
patients who had two, three and four clearance studies. 

Table 1 summarizes relevant features of the patients 
included in the report. There were no significant dif-
ferences between the three subgroups in terms of the 
age of patients at the onset of PD, percent of males 
and females or percent of patients with end-stage renal 
disease secondary to diabetic nephropathy. 

 Table 2 compares variables related to creatinine 
excretion in patients with two clearance studies. Bet-
ween the first and second clearance study VU, total 
Kt/V urea, total CCr, and EXCr U decreased, [Cr]S and 
EXCr D increased, while VD, SUN and EXCr T did not 
change significantly. Peritoneal CCr did not change while 
renal CCr decreased from the first to the second study. 
Average peritoneal (CCr P) and renal (CCr R) weekly CCr, 
expressed in L/1.73 m2 throughout this report, values 
were as follows: CCr P 48.7 in the first and 49.5 in the 

second study; CCr R 29.1 in the first and 18.4 in the 
second study.

Table 3 compares variables in patients who were 
studied three times. VU, total Kt/V urea, total CCr and 
EXCr U decreased progressively from the first to the 
third measurement, while EXCr T was significantly 
lower in the third study than in the first study. VD and 
SUN did not change, while [Cr]S increased; however, 
the increasing trend in EXCr D did not reach statistical 
significance. Peritoneal CCr did not change while renal 
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Table 3  Creatinine excretion in patients with three studies

CCr decreased progressively from the first to the third 
study. Average weekly CCr P and CCr R values were as 
follows: CCr P 50.5 in the first, 48.2 in the second and 
49.7 in the third study; CCr R 28.8 in the first, 23.2 in 
the second and 18.3 L/1.73 m2 in the thirst study.

Table 4 compares clearances and creatinine ex-
cretion parameters in patients who had four clearance 
studies. VU, total Kt/V urea and total CCr decreased 
progressively from the first to the fourth determination. 
EXCr U decreased significantly between the first and 
third studies, but reached a stable mean between the 
third and fourth studies. [Cr]S increased progressively 
from the first to the third study; however, the mean 
values were not different between in the third and 
fourth studies. VD and SUN were essentially the same in 
the four studies. EXCr D increased progressively from the 
first to the fourth study, whereas EXCr T did not change 
significantly throughout the study. Peritoneal CCr did not 
change while renal CCr decreased progressively from 
the first to the fourth study. Average weekly CCr P and 
CCr R values were as follows: CCr P 50.2 in the first, 47.4 
in the second, 51.2 in the third and 49.7 in the fourth 
study; CCr R 27.3 in the first, 23.0 in the second, 17.3 in 
the thirst and 16.4 L/1.73 m2 in the fourth study.

Table 5 shows the results (number and percent) 
of the second, third and fourth studies where EXCr 

T differed from the EXCr T of the first study by less 
than 15%. The same table also shows the number 
and percent of studies with EXCr T higher or lower 
than the EXCr T of the first study by 15% or more. 
In approximately half of the second, third and fourth 
studies EXCr T differed from the first study by less than 
15%. In 25.0%-33.3% of the patients, EXCr T values 
in subsequent studies were higher than the EXCr T 
value found in the first study by more than 15%. In 
19.1%-21.1% of the patients, EXCr T in subsequent 
studies was lower than the EXCr T in the first study by 
more than 15%. 

DISCUSSION
This study had two important findings: First the 
mean EXCr T value did not change significantly in 2.5 
years of follow-up of patients who were on the same 
PD schedule for the duration of the study, with the 
exception of a lower mean EXCr T in the third study 
than in the first study in EXCr data analyzed thrice. The 
constancy of the mean EXCr T was maintained despite 
a progressive decrease in urinary volume, urinary CCr 
and urinary EXCr. Increases in peritoneal EXCr associated 
with parallel rises in [Cr]S offset the declines in renal 
EXCr. Second, in about half of the patients, individual 
values of EXCr T varied substantially in clearance studies 
following the initial study. These findings have important 
clinical implications.

The finding of unchanged EXCr T suggests that the 
muscle mass of the average patient who remains on 
PD for 2.5 years is preserved. This observation points 
to stable creatinine production, and preserved muscle 
mass, as favorable predictors of outcomes of PD; how-
ever, this issue will require further investigation. The 
finding of great variation of individual EXCr T values on 
repeated measurements should prompt investigation of 
the factors affecting EXCr T in PD in addition to changes 

Table 1  Patient characteristics n  (%)

Two clearance 
studies

Three clearance 
studies

Four clearance 
studies

Patient number 166 84 44
Age at onset of 
peritoneal dialysis, yr

52 ± 15 51 ± 16 51 ± 18

Male 94 (56.6) 46 (54.8) 26 (59.1)
Female 72 (43.4) 38 (45.2) 18 (40.9)
Diabetic 
nephropathy 

73 (44.0) 36 (42.9) 17 (38.6)

Table 2  Creatinine excretion in patients with two studies

Variable 1st clearance 
study

2nd clearance 
study

P  value

PD duration, mo     9.2 ± 15.2   17.4 ± 15.8
VU, L/24-h   0.54 ± 0.63   0.40 ± 0.53 < 0.001
VD, L/24-h 11.3 ± 3.2 12.1 ± 3.6 NS
Kt/V urea, weekly   2.30 ± 0.62   2.12 ± 0.03 0.003
CCr, L/1.73 m2, weekly   77.9 ± 32.1   67.9 ± 18.2 0.002
SUN, mg/dL   49.7 ± 15.1   49.4 ± 16.2 NS
[Cr]S, mg/dL   9.1 ± 3.3 10.1 ± 3.4 0.001
EXCr U, mg/24-h   406 ± 337   286 ± 350 0.003
EXCr D, mg/24-h   680 ± 337   769 ± 390 < 0.001
EXCr T, mg/24-h 1087 ± 470 1055 ± 421 NS

PD: Peritoneal dialysis; NS: Not significant; VU: Urine volume; VD: Drained 
volume of spent dialysate; Kt/V urea: Fractional urea clearance, weekly; CCr: 
Weekly renal plus peritoneal creatinine clearance; SUN: Serum urea nitrogen; 
[Cr]S: Serum creatinine concentration; EXCr D: Creatinine excretion in spent 
dialysate; EXCr U: Creatinine excretion in urine; EXCr T: Total creatinine 
excretion in urine plus dialysate.

Variable 1st 
clearance 

study

2nd 
clearance 

study

3rd 
clearance 

study

P  value

PD duration, mo   8.6 ± 7.8   16.8 ± 11.6   24.7 ± 16.3
VU, L/24-h   0.58 ± 0.66   0.45 ± 0.59   0.38 ± 0.50 0.0001
VD, L/24-h 11.5 ± 4.0 11.8 ± 3.7 12.4 ± 3.7 NS
Kt/V urea, weekly   2.28 ± 0.65   2.14 ± 0.58   2.12 ± 0.63 0.0245
CCr, L/1.73 m2, weekly   79.3 ± 35.6   71.4 ± 27.8   68.0 ± 26.9 0.0335
SUN, mg/dL   50.4 ± 18.5   49.5 ± 17.9   49.2 ± 19.2 NS
[Cr]S, mg/dL   9.5 ± 3.5   9.8 ± 3.4 10.1 ± 3.3 0.0066
EXCr U, mg/24-h   418 ± 404   370 ± 425   286 ± 362 < 0.0001
EXCr D, mg/24-h   731 ± 379   767 ± 396   779 ± 382 NS1

EXCr T, mg/24-h 1149 ± 416 1137 ± 454 1065 ± 442 0.0087

1Statistical trend (P = 0.0895). PD: Peritoneal dialysis; NS: Not significant; VU: 
Urine volume; VD: Drained volume of spent dialysate; Kt/V urea: Fractional 
urea clearance, weekly; CCr: Weekly renal plus peritoneal creatinine clearance; 
SUN: Serum urea nitrogen; [Cr]S: Serum creatinine concentration; EXCr D: 
Creatinine excretion in spent dialysate; EXCr U: Creatinine excretion in urine; 
EXCr T: Total creatinine excretion in urine plus dialysate.
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in the muscle mass. 
One factor that can affect EXCr T is a change in total 

CCr. Mitch and Walser computed a “metabolic” CCr equal 
to 0.038 L/kg per 24-h in patients with renal failure 
mediated primarily by creatinine elimination through 
the gastrointestinal tract[16]. As [Cr]S levels increase 
progressively in advancing renal failure, the amount 
of creatinine removed through the metabolic-route 
increases progressively with a concomitant decrease in 
the measured renal EXCr

[16]. 
Large increases in total CCr in PD patients lead in the 

steady state to drop in [Cr]S and in creatinine removal 
by the “metabolic” route and increase in ExCr T. In a 
previous study, we noted an increase in EXCr T in PD 
patients whose measured total (peritoneal plus renal) 
CCr was increased, with proportional decrease in [Cr]S, 
following prescribed increases in the PD dose[17]. This 
was the reason for including in the present study only 
patients with unchanged PD schedules. No effect of 
the decrease in total CCr through loss of renal function 
on EXCr T was seen in this study even when total CCr 
decreased by 11.4 L/1.73 m2 weekly, on the average, 
between the first and fourth measurements (Table 
4). We suggest that the increase in the amount of 
creatinine removed by the metabolic route due to the 
rise in [Cr]S between these two measurements was 
too small to be detected by our statistical analysis. On 
average, [Cr]S rose by 1.0 mg/dL between the first and 
fourth clearance study (Table 4). With this degree of 
increase in [Cr]S, the rise in the amount of creatinine 
removed through the metabolic route at a CCr of 0.038 
L/kg per 24-h would be only 26.6 mg/24-h in an 
individual weighing 70 kg. 

Creatinine is formed by non-enzymatic breakdown 
of creatine-phosphate. Variations in the rate of creatine-
phosphate conversion to creatinine may cause changes in 
EXCr T that are independent of changes in muscle mass. 
Neuromuscular diseases[18] and the stage of recovery 
from protein malnutrition[19] are examples of conditions 
characterized by abnormal creatine metabolism which 
leads to dissociation between creatinine production 
and muscle mass. In addition, neuromuscular diseases 
affect creatinine production and excretion through 
their effect on muscle mass homeostasis. The loss 
of muscle mass secondary to chronic neuromuscular 
disease is one of the major causes of decreases in 
creatinine production and EXCr T. Acute muscular di-
sease, (e.g., rhabdomyolysis) however, increases 
creatinine production. Rhabdomyolysis can result from 
disease, poisons and medications exemplified by lipid-
lowering agents[20]. Other conditions causing increases 
in creatinine production and EXCr T include pregnancy[21], 
consumption of meat and intense exercise[22]. 

Circumstances that raise EXCr T without affecting 
creatinine production include errors in the collection 
of urine and spent dialysate and the presence of a 
non-steady state. Non-steady state following a rapid 
rise in CCr will increase EXCr T and decrease [Cr]S. A 
hemodialysis session represents such a non-steady 
state condition. PD patients, who are non-compliant 
with their PD prescription and resume the prescribed PD 
schedule on the day of a clearance study will manifest 
a similar non-steady state. A high value of measured 
EXCr T over the EXCr T predicted by the Cockroft-
Gault formula[23] (M/PCr) was proposed as a means of 
identifying non-compliance in PD[24]. Although some 

Table 4  Creatinine excretion in patients with four clearance studies

Variable 1st clearance study 2nd clearance study 3rd clearance study 4th clearance study P  value

PD duration, mo     8.1 ± 12.6 16.5 ± 4.4   24.5 ± 16.3   31.9 ± 16.8
VU, L/24-h   0.54 ± 0.55   0.41 ± 0.49   0.33 ± 0.40   0.29 ± 0.42 < 0.0001
VD, L/24-h 11.8 ± 3.9 12.2 ± 3.6 12.2 ± 3.5 12.5 ± 3.2 NS
Kt/V urea, weekly   2.27 ± 0.65   2.15 ± 0.56   2.13 ± 0.54   2.10 ± 0.55 0.0356
CCr, L/1.73 m2, weekly   77.5 ± 29.7   70.4 ± 28.5   68.5 ± 25.7   66.1 ± 22.1 0.0238
SUN, mg/dL   49.8 ± 16.7   49.5 ± 15.4   49.2 ± 15.3   49.0 ± 13.5 NS
[Cr]S, mg/dL   9.8 ± 3.6 10.2 ± 3.7 10.8 ± 3.8 10.8 ± 3.6 0.0009
EXCr U, mg/24-h   411 ± 438   382 ± 460   272 ± 345   282 ± 481 0.0011
EXCr D, mg/24-h   755 ± 406   788 ± 424   808 ± 438   853 ± 398 0.0021
EXCr T, mg/24-h 1166 ± 440 1170 ± 495 1080 ± 455 1135 ± 521 NS

PD: Peritoneal dialysis; NS: Not significant; VU: Urine volume; VD: Drained volume of spent dialysate; Kt/V urea: Fractional urea clearance, weekly; CCr: 
Weekly renal plus peritoneal creatinine clearance; SUN: Serum urea nitrogen; [Cr]S: Serum creatinine concentration; EXCr D: Creatinine excretion in spent 
dialysate; EXCr U: Creatinine excretion in urine; EXCr T: Total creatinine excretion in urine plus dialysate.

Table 5  Number (percent) of studies with creatinine excretion deviating from baseline by <15% and ≥ 15% 

Study < 15% from the 1st study ≥ 15% above the 1st study ≥ 15% below the 1st study

Second 90 (54.2%) 41 (24.7%) 35 (21.1%)
Third 40 (47.6%) 28 (33.3%) 16 (19.1%)
Fourth 24 (54.5%) 11 (25.0%) 9 (20.5%)
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studies supported the use of the M/PCr ratio as a means 
of detecting PD non-compliance[25,26], several reports 
confirmed that the sensitivity of this test is poor[27-32]. 
Nevertheless, noncompliance will invariably increase 
EXCr T on the first day of resumption of the prescribed 
PD schedule[28] and can be an important cause of the 
variation of EXCr T. 

Conditions that can potentially lead to low EXCr T 
values include decreased production of creatinine, 
urine and dialysate collection errors, and intercurrent 
acute illnesses. This last category has not been studied 
adequately in PD patients. In acute illness, creatinine 
production could be temporally increased because 
of muscle disease or decreased because of loss of 
muscle mass. In one study, PD-associated peritonitis 
with routine course resulted in a 2.3% drop in body 
weight and 7.8% drop in [Cr]S, while peritonitis 
with a protracted course resulted in a 7.2% drop 
in body weight and 25.0% drop in [Cr]S

[33]. These 
findings suggest a loss of muscle mass proportional 
to the duration of peritonitis. However, an increase 
in peritoneal CCr secondary to peritoneal membrane 
inflammation could also cause a drop in [Cr]S. EXCr data, 
which would allow differentiation between a rise in CCr 
and a loss of muscle mass as the cause of the decrease 
in [Cr]S were not provided in this study. The effects of 
acute illness on EXCr in PD will need further studies.

A final consequence of all the aforementioned 
influences on EXCr T is their effect on the estimation 
of LBMCr. Two studies reported agreement between 
LBMCr and estimation of lean body mass by research 
methodologies[34,35]. Another study suggested that 
determination of lean body mass as LBMCr has advan-
tages over its determination by bioimpedance or dual 
energy X-ray absorptiometry in overhydrated PD 
patients[36]. However, several studies have reported 
substantial differences between LBMCr and other 
methods used to assess muscle mass and between 
LBMCr and other indices of nutrition in PD patients[35,37-42]. 
Nevertheless, one of these studies did support the 
monitoring of EXCr T as a means of assessing changes in 
muscle mass[37].

Our study has limitations: First, selection bias could 
have led to the finding of stable creatinine excretion 
with stable patients remaining on PD for longer time. 
Related to this limitation, clinical information and 
data on other indices of nutrition associated with the 
observed changes in EXCr T were not available for 
analysis. Second, the data available to us do not allow 
us to address whether any of the known determinants 
of creatinine excretion in patients treated by PD 
(body weight, age, gender, and diabetic status) can 
predict a decrease or increase in their EXCr T. Finally, 
monitoring of EXCr T beyond 2.5 years after initiation 
of PD was not performed because of the small number 
of such subjects. Future studies should address these 
limitations.

In conclusion, average EXCr T remains stable for 
up to 2.5 years in patients who are maintained on the 

same PD schedule, despite a progressive loss of residual 
renal function which causes a progressive decline in 
urinary flow rate, CCr and EXCr. This finding suggests that 
the muscle mass of the average patient who remains 
on PD during this same time period is preserved. 
However, many patients exhibit substantial variability 
of EXCr T in sequential measurements. Both increases 
and decreases in EXCr T of individual patients managed 
by PD call for a systematic search for the conditions 
responsible for these changes. Further studies are also 
needed to evaluate the stability of EXCr T beyond 2.5 
years of PD and the potential associations of changes 
in EXCr T with clinical outcomes and other indices of 
nutrition.
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COMMENTS
Background
In the steady state, defined as equal rates of production and removal, 
creatinine excretion reflects muscle mass. Loss of muscle mass has adverse 
effects on the outcomes of patients with chronic diseases, including patients 
with end-stage kidney disease treated by peritoneal dialysis (PD). High levels 
of creatinine excretion are associated with favorable outcomes in this patient 
population. The prevalence of adverse influences (e.g., inactivity, chronic 
inflammatory state) in PD populations suggests loss of muscle mass in long-
term PD. Repeated measurement of creatinine excretion in patients on long-
term PD, which represents a steady state, provide a means of monitoring 
muscle mass.

Research frontiers
Muscle mass can be evaluated by several research methods. These methods 
require expenses and added expertise of the research personnel and, therefore, 
are not suitable for routine monitoring of PD populations.

Innovations and breakthroughs
Repeated measuring of total excretion of creatinine in spent peritoneal dialysate 
and urine offers a way of monitoring muscle mass in PD patients. Creatinine 
excretion measurements have been performed as part of monitoring adequacy 
of azotemic indices removal in PD. Comparison of subsequent creatinine 
excretion measurements to the first measurement, as used in this study, is 
simple and does not require added expenses.

Applications
The methodology explored in this report is appropriate for monitoring patients 
on long-term PD and for evaluating interventions (e.g., exercise, diet) directed 
towards preserving or improving muscle mass in these patients.

Terminology
The following abbreviations express the technique for monitoring creatinine 
excretion in PD: ExCr U = urinary creatinine excretion, mg/24-h; ExCr D = 
creatinine excretion in spent peritoneal dialysate, mg/24h; ExCr T = ExCr U + ExCr 
D. 

Peer-review
In this manuscript, the authors describe the reproducibility of serial creatinine 
excretion measurements in PD patients. They concluded that the average total 
creatinine excretion in urine plus dialysate (EXcr T) remains stable for up to 2.5 
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years in patients who are maintained on the same PD schedule, despite the 
progressive loss of residual renal function which causes a progressive decline 
in the urinary flow rate, renal plus peritoneal creatinine clearance (Ccr), and 
creatinine excretion (EXcr). They also suggested that the muscle mass was 
preserved in the average patient who remained on PD during this time period. 
This paper is clinically interesting.
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Abstract
AIM
To investigate the relationship between circadian vari-
ations in blood pressure (BP) and albuminuria at rest, and 
during exercise in non-hypertensive type 2 diabetes (T2D) 
patients. 

METHODS
We conducted a cross-sectional study in well controlled 
T2D patients, non-hypertensive, without clinical pro-
teinuria and normal creatinine clearance. In each parti-
cipant, we recorded the BP using ambulatory blood 
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pressure monitoring (ABPM) for 24-h, and albuminuria at 
rest and after a standardized treadmill exercise. 

RESULTS
We enrolled 27 type 2 patients with a median age of 52; 
and a mean duration of diabetes and HbA1c of 3.6 ± 0.8 
years and 6.3% ± 0.5% respectively. Using a 24-h ABPM, 
we recorded a mean diurnal systolic blood pressure (SBP) 
of 128 ± 17 mmHg vs nocturnal of 123 ± 19 mmHg (P = 
0.004), and mean diurnal diastolic blood pressure (DBP) 
of 83 ± 11 mmHg vs nocturnal 78 ± 14 mmHg (P = 0.002). 
There was a significant difference between albuminuria at 
rest [median = 23 mg, interquartile range (IQR) = 10-51] 
and after exercise (median = 35 mg, IQR = 23-80, P < 
0.001). Patients with exercise induced albuminuria had an 
increase in nocturnal BP values on all three components 
(128 mmHg vs 110 mmHg, P = 0.03 for SBP; 83 mmHg 
vs  66 mmHg, P = 0.04; 106 vs  83, P  = 0.02 for mean 
arterial pressure), as well as albuminuric patients at 
rest. Moreover, exercise induced albuminuria detect a 
less increase in nocturnal DBP (83 vs 86, P = 0.03) than 
resting albuminuria.

CONCLUSION
Exercise induced albuminuria is associated with an 
increase in nocturnal BP values in T2D patients. 

Key words: Albuminuria; Ambulatory measurement of 
blood pressure; Exercise; Type 2 diabetes mellitus 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Many studies have reported association between 
abnormalities in ambulatory blood pressure monitoring 
(ABPM) and albuminuria at rest, or the link between 
exercise induced albuminuria and future development 
of microalbuminuria. However, the relationship between 
exercise-induced albuminuria and nocturnal abnormalities 
of BP on ABPM have not been investigate. The current 
study aimed to investigate the potential relationship 
between exercise-induced albuminuria and circadian 
variations in BP in a sub-Saharan type 2 diabetes 
population. We found that exercise-induced albuminuria 
is associated with less important nocturnal abnormalities 
of BP than resting albuminuria suggesting that exercise-
induced albuminuria be used to detect early abnormalities 
of nighttime BP.

Tankeu AT, Kaze FF, Noubiap JJ, Chelo D, Dehayem MY, 
Sobngwi E. Exercise-induced albuminuria and circadian blood 
pressure abnormalities in type 2 diabetes. World J Nephrol 
2017; 6(4): 209-216  Available from: URL: http://www.wjgnet.
com/2220-6124/full/v6/i4/209.htm  DOI: http://dx.doi.org/10.5527/
wjn.v6.i4.209

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the leading cause 

of chronic kidney disease (CKD) worldwide[1,2]. It 
represents with hypertension - the most common 
cause of end-stage renal disease (ESRD); affecting 
at least one-third of patients starting chronic dialysis 
worldwide, and represents the main cause of mortality 
in diabetes patients[3]. Early detection and intervention 
in diabetic nephropathy can help to slow loss in 
renal function, prevent complications, and decrease 
cardiovascular events; thereby improving survival 
and quality of life in T2DM patients[3]. As the global 
incidence of T2D continues to rise, controlling diabetic 
nephropathy is becoming a health priority. Fifty 
years ago, the development of assays for detection 
of microalbuminuria (MA) revolutionized diabetes 
management. Microalbuminuria, also called moderate 
albuminuria (urinary albumin excretion ≥ 30 mg/24 
h but less than 300 mg/24 h), measured at rest 
became the earliest marker of diabetic nephropathy, 
and was thought to predict overt diabetic nephropathy 
in 80% of patients[4]. However, recent evidence have 
shown that only 30% of patients with microalbuminuria 
will develop overt diabetic nephropathy[5]. Moreover, 
screening with albumin excretion rate alone would 
miss 20% of progressive disease[6]. These evidences 
suggest that a need for methods for early detection of 
diabetic nephropathy. Physiologically, it is well known 
that patients with subclinical nocturnal blood pressure 
(BP) abnormalities are prone to renal insult and hence 
at risk of developing microalbuminuria[7]. So, non-
dipping nocturnal BP pattern defined as a less than 
10% decrease in nocturnal BP, increase the risk of 
organ damage such as microalbuminuria[7]. In the other 
hand, exercise-induced albuminuria has been proposed 
as a long term predictive factor of overt diabetic 
nephropathy, but there is still a dearth of evidence on its 
usefulness in routine screening[8]. We sought to explore 
a possible relationship between resting and exercise-
induced albuminuria, and circadian variations in BP 
levels on 24-h ambulatory blood pressure monitoring 
(ABPM).

MATERIALS AND METHODS
Setting and study population
This study was carried out at the National Obesity 
Center of the Yaoundé Central Hospital, a reference 
diabetes center in this area. Eligible participants were: 
Type 2 diabetics, according to the WHO definition[9]; 
without clinical proteinuria (≤ 30 mg/dL), with clinical 
BP less than 140/90 mmHg, HbA1c less than 7%, 
an estimated glomerular filtration rate (eGFR) ≥ 60 
mL/min per square meter using the MDRD formula 
which was found to be the most accurate formula for 
sub-Saharan African diabetic patients[10]. We excluded 
patients working during the night, those receiving 
drugs for hypertension or any other drugs able to 
modify albuminuria, patients with contraindication to 
exercise or presenting signs of urinary tract infection. 
Patients having a fever and pregnant women were also 
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excluded. All patient included were on oral anti-diabetic 
treatment.

Study design and duration: This was a cross 
sectional study conducted from February to June 2015 
a period of five months. 

Procedure and investigations
This study was conducted to investigate the relationship 
between exercise-induced albuminuria and early 
diabetic nephropathy assessed by nocturnal elevation 
of ABPM. To this end, albuminuria was measured at 
rest for microalbuminuria, and after a moderate and 
standardized exercise for exercise induced albuminuria. 
Then comparison between patients were planned to 
shows that exercise induced albuminuria is similar 
or even higher to microalbuminuria at rest for the 
detection of abnormal nocturnal BP patterns. 

All the patients attending the clinic were assessed, 
and eligible patients were invited to participate to the 
study. The procedure was comprised of an inclusion 
visit and three exploratory visits. Within the two weeks 
following an information visit, a careful clinical exam 
including BP measurement, urinary dipstick exam, and 
resting electrocardiogram were performed on eligible 
patients. The sample size was estimated using Withley 
et al[11] formula: n = (2/d2) × Cp, power.

The primary outcome was a significant difference 
of at least 10 mmHg of SBP and/or DBP in patients 
having exercise induced albuminuria. The standardized 
difference for BP in T2DM patients used was set at 10 
mmHg (UKPDS). Considering α = 5% and β = 10%, 
with a statistical power of 90%, the minimal size was 11 
patients.

The standardized difference, d = (expected dif-
ference)/(standard deviation): D = 10/10 = 1.

N = (2/d²) × Cp, power where Cp, power is a 
constant defined by the chosen value of the statistical 
power and the value p. This constant is available in 
statistical tables[11] C0.05, 90% = 10.5.

Thus the minimum size of the sample is: n = 2/(1²) 
× 10.5.

 n = 10.5 rounded to 11 subjects.
To improve statistical power, we increased the study 

sample at 30 patients. Patients were screened clinically 
for eligibility with three clinical BP measurements, 
a urinary dipstick, resting electrocardiogram and a 
blood sample for creatinine estimation and creatinine 
clearance calculation. Of the 30 eligible patients invited, 
3 were excluded because they had signs of urinary tract 
infection on dipstick.

Participants were invited to arrive at the hospital 
between 8:00 and 10:00 am for all exploratory vi-
sits. On arrival, participants were maintained in 
a sitting position for at least five minutes before 
BP measurement. Three serial BP measurements 
taken in the sitting position were obtained from non-
dominant arm placed at the level of the heart, using 
adults cuffs (32-42 cm) adapted to an automated 

sphygmomanometer Omron HEM-705 CP (Omron 
Corporation, Tokyo, Japan). The average of the three 
measurements was used for all analyses. Weight was 
measured in light clothed subjects to the nearest 0.5 
kg with a mechanical scale, while height was measured 
in an upright position to the nearest 0.5 cm. The body 
mass index (BMI in kg/m²) was calculated as weight 
(kg)/[height (m) × height (m)]. Waist circumference 
was measured horizontally, midway between the lower 
rib margin and the iliac crest with a measuring tape. 
Macro or clinical albuminuria was assessed by dipstick 
of spot urine, and considered positive for at least 1+ 
(< 30 mg/dL). Electrocardiography was done with the 
CardiMax FX-7302 electrocardiograph (Fukuda Den Shi, 
Tokyo, Japan).

Twenty-four hours BP measurement 
Twenty-four hour BP was measured by a portable, light 
weight monitor device i-mapa CE 004 1.1 TM (High-tech 
Medical St Louis, Paris). The purpose of the examination 
and practical modalities including: the measurement 
procedure and related constraints were explained to 
the participants. The device was then connected to an 
adult cuff, tested and calibrated. The practical procedure 
consisted of two major steps.

Programming the measurement over 24 h with 
patient information: For this purpose, demographic 
information and anthropometric measurements were 
entered into the i-mapa software, and then the medical 
history was recorded, allowing us to have an electronic 
medical record of the patient. Then a measurement 
protocol was selected from those proposed by the 
software and a 24-h measurement cycle was activated.

Installation of the measurement monitor on the 
patient: Then, the standard cuff was placed around 
the patient’s arm 2.5 cm above the antecubital dimple 
in direct contact with the skin and the case fixed at 
the level of the waist. The patient performs some 
movements to ensure comfort. After the patient had 
put on his clothes, a manual measurement was made, 
which enabled the selected measurement protocol to 
start and ensure functionality of the device. Thereafter, 
the patient returned to his daily activities with in-
structions concerning the handling of the device, and a 
paper where he/her was thought to notice all particular 
activity during the day such as medication taken with 
the hour, any important emotional or physical changing 
(diary) and the appointment was made the next day 
at the same time. The patient brought us back the 
monitor 24 h later. Once arrived, the device was turned 
off and unplugged. The measurements made were 
then transferred to a computer using a Bluetooth key 
enabling communication between the software and the 
monitor.

Reading the 24-h measurement: Readings were 
obtained automatically at 15-mn intervals during the 
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day time define from 07:00 to 22:00 and twice an hour 
from 22:00 to 07:00. This interval was set using a fix 
clock time but control with a personal diary for each 
patient. 

The protocol used for physical exertion was set up 
by our research team. It consisted of a simple step at a 
constant speed of 1 m/s for 30 min with a slope set at 
5% with the aim of achieving a sub-maximal physical 
effort, resulting in a rise in the heart rate to 50%-70% 
of the patient’s maximum HR. For each participant, 
a complete emptying of the bladder was performed 
10 min prior to exercise. In the preceding days, he 
was recommended to continue to carry out his usual 
activities, avoid moderate to vigorous physical activity 
48 h before the start of each phase of investigations, 
namely: Jogging, rapid walking for 1 h, and also avoid 
taking medications that may modify the evaluated 
parameters such as angiotensin converting enzyme 
inhibitors.

The exercise was carried out under medical super-
vision. For this phase, the volunteer was invited to 
the exploration room of our research laboratory to the 
National Obesity Center of the Yaoundé central hospital 
between 08:00 and 10:00 in the morning. Upon 
arrival, blood glucose was performed; the data sheet 
was revisited and updated. The patient was driven and 
installed in the exercise room. The treadmill was then 
switched on with accessories such as the heart rate 
monitor. A urine and blood sample was collected at rest 
and preserved before the beginning of the exercise. 
The patient was then placed on the treadmill after 
having installed the heart rate monitor on the chest, the 
electrodes of the heart being in direct contact with the 
skin and safety belt installation. Continuous heart rate 
(HR) recording allowed us to ensure that the patient 
remained within the limits set for our study 50%-70% 
of maximal HR. At the end of the exercise, the patient 
was placed in an armchair to recover and received 
water for rehydration and to promote diuresis.

Urinary albumin excretion was calculate using 
albumin to creatinine ratio to reduce effect of urinary 
concentration after exercise on albuminuria and 
expressed in mg/g. First void urine collection was used 
for rest albuminuria and a random sample urine was 
collected within the 30 mn following physical exercise 
to measure exercise-induced albuminuria. Retinopathy 
was assessed by fundoscopy and creatinine measured 
using modified Jaffe kinetic reaction with colorimetric 
methods. Albuminuria was measured by turbidimetry 
and others biochemical parameters using an automatic 
spectrophotometer.

Statistical analysis
Data acquisition was done by Epi-data3.1 software 
and statistical analysis was performed using Statistical 
Package for Social Science (SPSS) version 21.0 for 
Windows (IBM Corp. Released 2011. IBM SPSS Sta-
tistics for Windows, version 21.0. Armonk, NY: IBM 
Corp.) and Stata 12.0 software. Continuous variables 

are expressed as median (interquartile range = IQR) or 
mean ± SD where appropriate, and categorical variables 
as count (percentage). The Spearman rank coefficient 
was used to test correlations. The χ 2 test, Mann-
Whitney rank sum test were used to test associations 
between qualitative variables and difference between 
two respectively. A P value < 0.05 was considered 
statistically significant. 

RESULTS
General characteristics 
We included 27 patients (18 males) with a median age 
of 52 (IQR = 36-56) years, a mean duration of diabetes 
of 3.6 ± 0.8 years and a mean HbA1c of 6.3% ± 0.5%. 
Twenty four hours ABPM recorded a mean diurnal 
systolic blood pressure (SBP) of 128 ± 17 mmHg vs 
nocturnal of 123 ± 19 mmHg (P = 0.004), and mean 
diurnal diastolic blood pressure (DBP) of 83 ± 11 mmHg 
vs nocturnal DBP 78 ± 14 mmHg (P = 0.002) for a 
mean day vs night difference of 05 mmHg for SBP and 
05 mmHg for DBP. Four/Twenty-seven of patients had 
diabetic retinopathy. 

BP profile in groups with different albuminuria 
Our population study was divided three times in two 
subgroups, according to albuminuria before and after 
exercise, these groups were subsequently compared 
pairs. These comparisons are illustrated in Tables 1, 2 
and 3. They included clinical and ABPM findings in order 
to compare possible differences on BP profile associate 
with albuminuria. 

The first two groups compared were patients 
with albuminuria at rest vs patients without resting 
albuminuria (Table 1). We found that patients with 
albuminuria at rest had more elevated DBP on clinical 
measure than non-albuminuric patients at rest (89 
mmHg vs 77 mmHg, P = 0.04). Using ABPM, there was 
a marked increase in all component of nocturnal BP (130 
mmHg vs 115 mmHg, P = 0.06 for SBP; 86 mmHg vs 
72 mmHg for DBP, P = 0.02; and 107 vs 90, P = 0.03 
for mean arterial BP).

The 2nd comparison concerned patients presenting 
with exercise-induced albuminuria and those without 
albuminuria after exercise (Table 2). This revealed that 
patients with exercise-induced albuminuria had an 
increase in nocturnal BP values on all three components 
[128 mmHg vs 110 mmHg, P = 0.03 for SBP; 83 
mmHg vs 66 mmHg, P = 0.04; 106 vs 83, P = 0.02 for 
mean arterial pressure (MAP)]. 

The last comparison was made between patients 
presenting albuminuria only after exercise and those 
with albuminuria at rest (Table 3). Since patients 
with exercise-induced albuminuria had elevated night 
time BP values compared to those with albuminuria 
at rest, we sought to determine if exercise induced 
albuminuria is associated with a particular abnormality 
in BP profile. We found that patients with exercise 
induced albuminuria had slightly lower BP values 
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on clinical measure (130/87 mmHg vs 137/89 mmHg, 
P = 0.08). However, on ABPM, exercise induced albu-
minuria was associated with a slight and significant 
decrease in nocturnal DBP (83 mmHg vs 86 mmHg, P = 
0.03) and a rise of percentage of abnormal SBP value (P 
= 0.01). Apart from the aforementioned abnormalities, 
both groups were similar in other parameters. Never-
theless, both groups had an increase in BP value 
compare to the rest of population.

BP profile with ABPM
Using ABPM, the mean BP of our population study was 
128 ± 17 mmHg vs 124 ± 19 mmHg and 127 ± 17 
mmHg (P day vs night = 0.004) for systolic day time, 
night time and 24 h values respectively; and 84 ± 
11 mmHg vs 79 ± 14 mmHg and 83 ± 12 mmHg for 
diastolic component. 

ABPM vs resting albuminuria and ABPM vs exercise-
induced albuminuria 
Correlation done between albuminuria and different 
components of BP on a sample population showed that 

albuminuria at rest is weakly correlated with 24 h MAP 
(r² = 0.11, P = 0.09; Figure 1A), 24 h DBP (r² = 0.13, 
P = 0.08; Figure 1B) and nocturnal DBP (r² = 0.13, P = 
0.08; Figure 1C). On the other hand, exercise induced 
albuminuria correlated better with 24-h mean arterial 
blood pressure (MAP) (r² = 0.13, P = 0.07; Figure 2A), 
night time DBP (r² = 0.12, P = 0.09; Figure 2B) and 
nocturnal MAP (r² = 0.12, P = 0.09; Figure 2C).

DISCUSSION
This study was carried out to investigate a relationship 
between urinary albumin excretion during exercise 
and circadian variations in BP. We found an average 
drop of 3.1% during the night with a high proportion of 
non-dippers (20/27 or 74%) in our study population, 
with a blunted nighttime BP. The proportion of non-
dippers is higher than those of others study on type 
2 diabetic population[12]. The increase of non-dippers 
in our study could be due to the tendency of having 
elevated nocturnal BP in black subject as described by 
Hebert et al[13] in 1996. So, the non-dipper profile could 
be more common in black populations. On the other 
hand, the high frequency of non-dipper status found in 
our study may reflect an incipient nephropathy in our 
population of diabetic patients without proteinuria. Since 
the reduction of nighttime dipping BP is consider as an 
earlier sign of diabetic nephropathy in diabetic patients 
with normal BP. 

Patients were subsequently separated according 
to their urinary albumin excretion at rest and during 
exercise. Firstly, we compared albuminuric and non 
albuminuric patients at rest, and found that patients 
with albuminuria at rest exhibited more BP abnormalities 
compared to those without albuminuria. This include an 
elevated clinical DBP on clinical measure suggesting that 
albuminuria at rest is consistent with a slight elevation 
of clinical BP more marked on the diastolic component. 
Using ABPM, there was an increase in all diastolic 
components of BP (diurnal, nocturnal and mean arterial) 
as well as nocturnal SBP and nocturnal mean MAP in 

Table 1  Comparison between non albuminuric patients at rest 
and albuminuric patients at rest

Variables Normoalb0 Microalb0 P  value

Frequencies 19 8 /
Age 52 (40-56)      48 (34-56) 0.56
BMI (kg/m²)    25.4 (23.1-28.5)      26.1 (24-31.6) 0.62
Waist circumference 92 (87-96)      93 (84-97) 0.99
SBP (mmHg)   122 (112-133)        137 (122-142) 0.68
DBP (mmHg) 77 (73-87)      89 (79-99) 0.04
HbA1c (%)  6.6 (5.9-7.0) 6.2 (6-7) 0.99
eGFR (mL/min)   93 (77-104)        89 (70-104) 0.52
ACR at rest  13.5 (8.6-21.9)      75.3 (46-94.1)     0.0001
Exercise induced ACR    29.2 (20.5-33.3)            92.3 (56.3-128.7)     0.0001

ACR: Albumin to creatinin ratio; BMI: Body mass index; eGFR: Estimated 
glomerular filtration rate; DBP: Diastolic blood pressure; SBP: Systolic blood 
pressure; Normoalb0: Patients without microalbuminuria at rest; Microalb0: 
Patients with microalbuminuria at rest.

Table 2  Comparison non-albuminuric patients after exercise 
and exercise induced albuminuric patients

Variables Normoalb30 Microalb30 P value

Frequencies 11 16 ∕
Diurnal SBP   117 (112-133)   132 (125-136) 0.71
Nocturnal SBP 110 (98-125)   128 (122-138) 0.03
24 h SBP   116 (109-131)   132 (124-136) 0.05
Diurnal DBP 78 (76-85) 85 (80-92) 0.19
Nocturnal DBP 66 (59-82) 83 (74-89)   0.044
24 h DBP 76 (72-84) 85 (78-89) 0.11
Diurnal MAP   93 (89-107)   107 (102-112) 0.05
Nocturnal MAP   83 (77-102) 106 (99-110) 0.02
24 h MAP   89 (85-105) 108 (99-112) 0.03

DBP: Diastolic blood pressure; MAP: Mean arterial blood pressure; SBP: 
Systolic blood pressure; Normoalb30: Patients without microalbuminuria 
after 30 min of exercise; Microalb30: Patients with microalbuminuria after 
30 min of exercise.

Table 3  Comparison between albuminuric patients at rest and 
exercise-induced albuminuric patients

Variables Microalb0 Microalb30 P value

Frequencies 8 8
Diurnal SBP   131 (126-136)   132 (125-136) 0.95
Nocturnal SBP   130 (126-138)   128 (122-138) 0.38
24 h SBP   133 (126-135)   132 (124-136) 0.60
Diurnal DBP 85 (83-93) 85 (80-92) 0.22
Nocturnal DBP 86 (80-92) 83 (74-89) 0.03
24 h DBP 86 (83-93) 85 (78-89) 0.11
Diurnal MAP   107 (104-111)   107 (102-112) 0.77
Nocturnal MAP   107 (102-112) 106 (99-110) 0.14
24 h MAP   107 (104-110) 108 (99-112) 0.68

MAP: Mean arterial blood pressure; DBP: Diastolic blood pressure; SBP: 
Systolic blood pressure; Microalb0: Patients with microalbuminuria at rest; 
Microalb30: Patients with microalbuminuria only after 30 min of exercise.
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albuminuric patients at rest. These data are consistent 
with those found in literature where albuminuria at rest is 
associated with abnormal patterns of nocturnal BP[13-15]. 
However, our study highlights the fact that this increase 
in nocturnal BP is more marked on diastolic component 
of BP. Therefore, clinical and nocturnal DBP must be 
checked and managed meticulously in T2D patients 
to detect even a slight elevation or a moderate rise in 
baseline DBP comparing with precedent measures. 
This is to ensure early detection of these patients, 
thereby improve their management to prevent diabetic 
nephropathy.

Secondly, we compared the BP of patients exhibiting 
exercise induced albuminuria at rest and during exercise 
with those without this abnormality on clinical measure 
and using ABPM. We found that, though there was 
no difference in SBP and DBP on clinical measure, but 
ABPM detected an increase in nocturnal BP including 
night time SBP, DBP as well as nocturnal MAP. This 
important finding supports and confirms our research 
hypothesis stipulating that exercise induced albuminuria 
is associated with abnormal circadian BP profile 
particularly abnormalities in night time BP pattern.

Finally, we compared patients exhibiting exercise 
induced albuminuria without resting albuminuria to 
those having albuminuria at rest in order to check if 

there is a difference between BP profiles of these two 
groups of patients. Comparing with non-albuminuric 
patients, these two groups had elevated BP values. 
However, patients with moderate resting albuminuria 
tend to have a higher BP values than those presenting 
only exercise-induced albuminuria. This association 
could be of importance since mild variations in nocturnal 
BP has been associated with renal injuries in T2D 
patients. Our findings are consistent with the fact that 
exercise induced albuminuria is associated with the 
same abnormalities in BP profile as albuminuria at 
rest, and therefore could be useful in management of 
T2D patients to detect the same patients with blunted 
nighttime BP. Nevertheless, there is an urgent need for 
longitudinal studies to verify this hypothesis. Moreover, 
exercise induced albuminuria could be associated with 
very subtle variations in circadian BP. 

Albuminuria at rest had a positive but weak cor-
relation with nighttime DBP and 24 h BP, sustaining 
the fact that an increase in 24 h BP is associated with 
an elevation in albuminuria at rest which could be a 
marker of renal deterioration[16]. Therefore, an increase 
in nighttime DBP and/or 24 h DBP could be associated 
with greater kidney damage in diabetic patients 
without hypertension. These results corroborate with 
those Rossing in 1993[17]. Similarly, exercise induced 
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albuminuria correlated better, and positively, with 
night DBP and 24 h MAP. Thus, exercise induced 
albuminuria is correlated with the same characteristics 
as albuminuria at rest. 

There was a strong positive correlation between 
albuminuria at rest and during exercise albuminuria (r 
= 0.7 and P < 0.001). This suggests that patients with 
a greater resting albuminuria therefore tend to have a 
higher albuminuria after exercise. Considering the fact 
that albuminuria at rest is a marker of incipient diabetic 
nephropathy, this suggests that exercise induced 
albuminuria would be greater in case of pre-existing 
renal impairment[18]. This hypothesis is supported by 
physiology, since it is known that subclinical lesions can 
be unmasked even by moderate physical exercise[8]. 
The results obtained in this study shows a significant 
proportion of abnormal circadian BP profile in patients 
with T2D, considered normotensive on clinic-based 
measurements. 

Study strengths and limitations
This study presents some limitations related to the 
study design. Since this is a cross-sectional study, the 
predictive value of these abnormalities needs to be 
evaluated with prospective studies. This could bring 
more evidence and basic arguments to recommend 
management of T2D patients presenting exercise-

induced albuminuria. This study depicts the importance 
of ABPM in the management of diabetic patients, due 
to its efficacy in detecting abnormalities in BP values, 
which is a better predictor of renal damage compared 
with clinic-based BP measurements. We also found that 
exercise induced albuminuria discriminate the same 
patients as resting albuminuria stressing the need to 
revisit importance of exercise-induced albuminuria in 
the earlier diagnosis and management of T2D patients. 
This will require prospective studies in order to evaluate 
the predictive capacity of exercise induced albuminuria 
on nighttime BP abnormalities what have not been done 
yet to date.

Conclusion
Exercise-induced albuminuria is associated with 
nocturnal blood pressure abnormalities in T2D patients 
and could discriminate patients with more precocious 
increase of nighttime blood pressure than albuminuria 
at rest.
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Background
Exercise induced albuminuria has long been proposed as early marker of 
diabetes nephropathy but was not approved due to lack of evidence and clinical 
importance. Nocturnal blood pressure abnormalities and represent an early 
marker diabetes kidney disease.

Research frontiers
A relation between nocturnal blood pressure abnormalities detected by ambulatory 
blood pressure monitoring (ABPM) and exercise-induced albuminuria would be of 
great importance since this will suggest that the latter can serve as earlier marker 
of diabetes nephropathy. 

Innovations and breakthroughs
Most of studies conducted to determine the clinical importance of exercise-
induced albuminuria have been done in type 1 diabetes individuals and has 
compared it only to albuminuria at rest. This study shows an association between 
nocturnal blood pressure abnormalities and exercise-induced albuminuria 
suggesting that it could be useful to discriminate type 2 diabetes (T2D) individuals 
with early renal diabetes kidney disease. As the best of our knowledge, this study 
is the first reporting this association in T2D patients who represent more than 90% 
of diabetes patients worldwide.

Applications
Economically, the separate or combined use of ABPM, and exercise induced 
albuminuria in assessing diabetic patients clinically normotensive, for the 
detection of subclinical diabetic nephropathy lesions could represent a significant 
gain in health spending by its low cost compared to new markers currently in test 
and would significantly reduce health care spending. Indeed, by allowing very 
early detection of subclinical renal damage, they would allow a more prompt 
and early treatment, increasing the chances of controlling the disease and slow 
its progression to end-stage renal disease (ESRD) and chronic kidney disease. 
This would be a significant reduction in costs for health systems today face a real 
inflation of the prevalence of ESRD and dialysis diabetes-related admissions. 

Terminology 
Albuminuria: Presence of albuminuria in urine which is a marker of renal damage; 
Microalbuminuria or moderate albuminuria: Urinary albumin excretion ≥ 30 mg/24 
h or 30 mg/g with albumin to creatinin ratio; Exercise-induced albuminuria: Increase 
or presence of urinary albumin excretion after an exercise. 

Peer-review
Well done important information supporting the view that patients regarded as 
not afflicted with diabetic nephropathy may indeed be progressing towards renal 
damage that is preventable if treated before diabetic nephropathy progresses to a 
24 h disorder.
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Abstract
Cyclophosphamide is frequently used to treat cancer, auto-
immune and renal diseases, such as rapidly progressive 
glomerulonephritis. Its side effects are well-known, 
including bone marrow depression, infections, alopecia, 
sterility, bladder malignancy and hemorrhagic cystitis. 
Moreover, in some cases cyclophosphamide use has been 
related to the onset of hyponatremia, by development 
of a syndrome of inappropriate antidiuresis. Indeed, 
severe hyponatremia has been previously reported in 
patients treated with high-dose or moderate-dose of 
intravenous cyclophosphamide, while only few cases 
have been reported in patients treated with low dose. 
Here, we discuss a case of a syndrome of inappropriate 
antidiuresis followed to a single low-dose of intravenous 
cyclophosphamide in a patient with a histological diagnosis 
of acute glomerulonephritis, presenting as acute kidney 
injury. After cyclophosphamide administration (500 
mg IV), while renal function gradually improved, the 
patient developed confusion and headache. Laboratory 
examinations showed serum sodium concentration 
dropped to 122 mmol per liter associated with an elevated 
urinary osmolality of 199 mOsm/kg, while common causes 
of acute hyponatremia were excluded. He was successfully 
treated with water restriction and hypertonic saline solution 
infusion with the resolution of the electrolyte disorder. This 
case, together with the previous ones already reported, 
highlights that electrolyte profile should be strictly 
monitored in patients undergoing cyclophosphamide 
therapy in order to early recognize the potentially life-
threatening complications of acute water retention.  
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Core tip: The syndrome of inappropriate antidiuresis 
(SIAD) is a disorder of sodium and water balance 
characterized by hypotonic hyponatremia and impaired 
urinary dilution in the absence of renal disease or any 
non-osmotic stimulus known to release anti-diuretic 
hormone. It may be caused by several conditions including 
infections, neoplasms and use of some medications, such 
as antipsychotics, antidepressant and immunosuppressive 
drugs. Here, we report the clinical course of a case of 
SIAD attributed to administration of a single low-dose of 
intravenous cyclophosphamide in a patient with an acute 
glomerulonephritis.
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INTRODUCTION
Hyponatremia is the most frequent electrolyte disorder, 
being potentially a marker of different underlying 
diseases or a cause of morbidity itself.

Clinical manifestations vary from asymptomatic 
forms to severe neurological alterations, in dependence 
of hyponatremia severity, progression rate and intra- 
to extracellular osmotic gradient entity.  Differential 
diagnosis is often challenging, since it includes diseases, 
which, in view of similar clinical pictures, have very 
different pathophysiological bases, such as syndrome 
of inappropriate antidiuresis (SIAD), cerebral/renal 
salt wasting syndrome (C/RSWS) and endocrine syn-
dromes[1]. 

SIAD is a disorder of sodium and water balance 
characterized by hypotonic hyponatremia and impaired 
urinary dilution in the absence of renal disease or any 
identifiable non-osmotic stimulus known to release 
antidiuretic hormone (ADH). SIAD may be itself caused 
by different conditions, including infections, neoplasms 
and use of several medications, such as antipsychotics, 
antidepressant[2] and immunosuppressive drugs[3].

Here, we report the clinical course of a rare case 
of SIAD attributed to cyclophosphamide (CYC) ad-
ministration in a patient with a proliferative glome-
rulonephritis.

CASE REPORT
A 56-year-old man was referred to our Nephrology 
Department for rapidly decline of glomerular filtration 

rate (GFR), proteinuria and haematuria.
He presented a history of hypertension, chronic 

kidney disease (with a stable serum creatinine of 158 
mmol/L, estimated GFR 40 mL/min per 1.73 mq CKD-
EPI), Crohn disease, psychiatric disorder in treatment 
with selective serotonin reuptake inhibitors (SSRIs) 
and normal pressure hydrocephalus with ventriculo-
peritoneal shunt. 

At the admission, the patient presented a well-
controlled blood pressure (17.3/10 kPa) and significant 
peripheral oedema. Laboratory examinations showed: 
serum creatinine 290 mmol/L (corresponding to an 
estimated GFR of 19 mL/min per 1.73 mq), urea 47 
mmol/L, sodium 137 mmol/L, potassium 3.69 mmol/L, 
serum albumin 30 g/L, cholesterol 3.93 mmol/L and 
triglycerides 2.19 mmol/L. 

Urinalysis showed microhematuria, while quan-
titative proteinuria was 2.26 g/24 h. Autoimmunity 
evaluation, which included ANA, ENA, ANCA, C3 and 
C4, resulted negative. 

So, in order to better elucidate the causes of 
renal disorder, we performed a percutaneous renal 
biopsy. Histological examination showed glomeruli 
with mesangial expansion and endocapillary hyper-
cellularity due mostly by neutrophils infiltration with 
some karyorrhectic bodies, fibrinoid necrosis of 
small arterioles, and fibrocellular crescents (Figure 
1). There was also moderate tubular atrophy within 
massive protein droplets, and moderate interstitial 
fibrosis. Immunofluorescence analysis did not show 
immune deposits, while electronic microscopy was 
not performed. So, considering clinical and histological 
findings our final diagnosis was rapidly progressive 
glomerulonephritis secondary to ANCA-negative pauci-
immune crescentic glomerulonephritis.

At the time of biopsy pharmacological treatments 
included intravenous diuretics (furosemide 125 mg/d), 
antihypertensive drugs and SSRI. After the renal biopsy, 
also in consideration of the further deterioration of renal 
function (serum creatinine till 343 mmol/L), intravenous 
methylprednisolone was administered at the dose 
of 500 mg for three days followed by oral steroid at 
the initial dose of 1 mg/kg per day. In addition, the 
induction therapy was completed with a single dose of 
500 mg of intravenous CYC (8 mg/kg). To minimize the 
risk of haemorrhagic cystitis, saline solution was infused 
2 h before the cyclophosphamide administration.  In the 
following days, while renal function gradually improved, 
patient clinical conditions worsened with development 
of confusion and headache. Laboratory examinations 
showed serum sodium 122 mmol/L, serum osmolality 
261 mOsm/kg, urinary osmolality 199 mOsm/kg, and 
serum creatinine 202 mmol/L. Symptomatic hypotonic 
hyponatremia was further confirmed in the subsequent 
controls, so that fluid restriction and hypertonic saline 
solution (at initial concentration of 3%) treatment were 
initiated, while SSRIs were gradually withdrawn. In the 
following days, serum sodium progressively improved 
and we were able to reduce infusive therapy, also to 
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prevent the increase of oedema (Figure 2).
To establish the pathogenesis of the acute hypo-

natremia we investigated thyroid and adrenal functions, 
which resulted normal and performed a whole-
body CT scan that ruled out pulmonary or cerebral 
complications. Therefore, in absence of further evidence 
and considering the temporal relationship between 
CYC infusion and onset of hyponatremia, the fact that 
diuretic and psychiatric therapy were unchanged and 
the presence of hypotonic hyponatremia with impaired 
urinary dilution we established a diagnosis of CYC-
related syndrome of inappropriate anti-diuresis (SIAD)[3]. 
So, in order to prevent other hyponatremia episodes 
further cyclophosphamide administration was avoided. 

DISCUSSION
Cyclophosphamide is an alkylating agent used in the 
treatment of malignant and autoimmune diseases. 
Its well-known side effects include bone marrow 
depression, infections, alopecia, sterility, bladder 
malignancy and haemorrhagic cystitis. Hyponatremia 
due to SIAD has been infrequently described and it is 
considered a rare adverse effect related to CYC use. 
Indeed, until now severe hyponatremia has been 
reported only in few patients treated with high-dose 
(30-40 mg/kg)[4,5] and moderate-dose (20-30 mg/kg) 

of intravenous cyclophosphamide, while even less were 
the cases of hyponatremia occurred in patients treated 
with low dose[6-8]. Different underlying mechanisms 
have been proposed to explain the onset of water 
retention and SIAD after CYC administration. They can 
act either stimulating ADH release or accentuating its 
renal effects, finally causing hyponatremia[9]. Harlow 
et al[10] demonstrated in a patient who received hi-
gh dose of cyclophosphamide, the loss of Herrings 
bodies and degranulation of various hypothalamic 
neurosecretory organelles, leading to the inappropriate 
secretion of ADH. It has been also demonstrated a 
direct effect of an alkylating metabolite of CYC on 

the kidney resulting in enhanced permeability of the 
distal tubules to water[11]. Moreover, CYC might cause 
hyponatremia by up-regulating expression of the 
ADH receptor V2R and aquaporin 2 (AQ2) through 
the suppression of interleukin-1 and tumor necrosis 
factor-a, which generally act as negative regulators of 
VR2 expression[12].  In addition, recently Kim et al[13] 
demonstrated in experimental models (rat and inner 
medullary collecting cell cultures) that CYC could also 
induce V2R activation and AQP2 expression in the 
absence of ADH stimulation.

Actually, in our case the patient presented several 
predisposing factors that could have caused water 
retention, such as renal failure, the continuative use 
of SSRI and the normal pressure hydrocephalus; but 
the temporal association with the administration of 
CYC makes plausible its role in the development of 
the severe hyponatremia, also considering that prior 
to CYC treatment, he had normal serum electrolytes 
and did not present nausea or vomiting. Moreover, 
our case has common features with other reports 
in which hyponatremia was induced by intravenous 
cyclophosphamide. Hyponatremia usually occurs 12-48 
h after the administration of cyclophosphamide, and 
returns to normal in few days. 

In conclusion, we think that our case, together 
with the previous ones already reported, underlined 
the need to be aware of the potentially life-threatening 
complications of water intoxication when intravenous 
pulse cyclophosphamide is applied, especially in patients 
with other concomitant risk factors. Therefore, we 
strongly suggest checking electrolytes before and after 
CYC administration. 

COMMENTS
Case characteristics
A patient with an acute glomerulonephritis who developed an acute symptomatic 

Figure 1  Histological examination showed glomeruli with mesangial 
expansion and endocapillary hypercellularity with some karyorrhectic 
bodies, fibrinoid necrosis of small arterioles, and fibrocellular crescents (as 
shown in the figure-PAS, x 400).
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Figure 2  Time trend of serum sodium concentration and urinary 
osmolality following cyclophosphamide administration. During days 3 and 
4 the urinary osmolality was inappropriately high considering the hyponatremia. 
In days 5 to 9 the urinary dilution capacity was  re-established.
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hyponatremia after treatment with cyclophosphamide.

Clinical diagnosis
Acute Hyponatremia secondary to development of syndrome of inappropriate 
antidiuresis related to the administration of cyclophosphamide.

Differential diagnosis
Other causes of acute hyponatremia: Cancers, infections, hypovolemia, use of 
diuretics.

Laboratory diagnosis
Hypotonic hyponatremia associated with impaired urinary dilution.

Imaging diagnosis
CT to exclude cerebral or pulmonary disorders.

Pathological diagnosis
Renal biopsy proving the presence of an acute ANCA-negative pauci-immune 
crescentic glomerulonephritis.

Treatment
Water restriction, hypertonic saline solution infusion.

Related reports
Previous cases of hyponatremia in patients treated with different doses of 
intravenous cyclophosphamide.

Experiences and lessons
It is necessary to carefully monitor electrolyte and water balance before and 
after cyclophosphamide administration. 

Peer-review
This case report is well-written and has interesting information. 
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