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 Abstract 
 The term cardiorenal syndrome has evolved over the years. The understanding of the interac-
tions between these two organ systems has led to better recognition and treatment strategies. 
As cardiovascular mortality is high in individuals with renal dysfunction, it is imperative to un-
derstand the pathophysiology behind the disease process. This knowledge may better serve 
these patients with this syndrome and improve their outcomes. In this review, we examine the 
key issues of the cardiorenal syndrome from a cardiologist’s perspective. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 The term ‘cardiorenal syndrome’, a relatively new term, refers to the interactivity be-
tween the cardiovascular and renal systems. Over the past decade, we have gained a better 
understanding of the relationship between these two organ systems. The initial definition of 
worsening renal function secondary to poor left ventricular function has advanced to a more 
current and sophisticated classification which attempts to relate the pathophysiology of car-
diac and renal dysfunction and their interplay ( table 1 ). Regardless of the precise etiology of 
cardiac and renal disease, these interactive disease processes lead to increased morbidity and 
mortality. This review focuses on the cardiologist’s perspective into the cardiorenal syn-
drome and the important pathophysiological mechanisms responsible for the decline and 
worsening of both cardiac and renal function.
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  Defining the Cardiorenal Syndrome 

 Several decades ago, Dr. Guyton described interactions between the heart and kidney 
dysfunction that would produce feedback loops and worsen the function of both organs. 
While not coined the cardiorenal syndrome, our current understanding represents an evolu-
tion of Guyton’s description  [1] . To assist in the definition, a classification of the cardiorenal 
syndrome was proposed, which consists of five subtypes that are divided by the initial organ 
of dysfunction and the chronicity of the disease  [2] . Using this model as an organized outline 
helps focus our understanding of the pathophysiology of the cardiorenal syndrome and the 
clinical issues that arise.

  Cardiorenal Syndrome Types 

 Type 1: The Acutely Decompensated Heart 
 Heart failure accounts for over 1 million discharges every year in the United States  [3] . 

The magnitude of this disorder exemplifies the difficult task clinicians face in treating heart 
failure and its associated complications. A major complication and comorbidity of heart fail-
ure is acute or chronic renal disease (CRD). The Acute Decompensated Heart Failure Na-
tional Registry (ADHERE) examined  1 105,000 patients with admission for acute decompen-
sated heart failure. CRD was reported in 30% of these cases and 21% had serum creatinine 
(SCr) levels  1 2.0 mg/dl  [4] . The registry also found that the best single predictor of inpatient 
mortality was high levels of blood urea nitrogen ( 1 43 mg/dl) on admission in addition to 
high levels of SCr ( 1 2.75 mg/dl)  [5] . The results of the ADHERE registry show that renal 
dysfunction is an important independent risk factor for mortality in heart failure patients.

  According to the American Heart Association, an estimated 785,000 Americans will 
have a new ischemic coronary event, and 470,000 will have a recurrent ischemic coronary 
attack in the year 2010  [3] . These numbers translate to an acute coronary syndrome approx-
imately every 25 s. Ischemic heart disease is the leading cause of acutely decompensated car-
diac function. The effects of poor perfusion secondary to low cardiac output can cause hy-
poperfusion of the kidneys leading to renal dysfunction. The renin-angiotensin-aldosterone 
system (RAAS) is activated by hypoperfusion of the kidney and this results in an increase in 
angiotensin II (Ang II) and aldosterone. Ang II binds to two receptor types, AT1 and AT2. 
Ang II binding to AT1 receptors leads to vasoconstriction and aldosterone secretion. Aldo-
sterone promotes maladaptive reabsorption of sodium in the distal tubules leading to water 
retention and worsening pulmonary vascular congestion  [6] . The mechanism of acute kid-
ney injury (AKI) in this setting is partly attributable to RAAS activation as well. A by-prod-
uct of increased Ang II levels is endothelin-1. Endothelin-1 is a potent vasoconstrictor that 

Table 1. C ardiorenal syndrome classification

Types Description

CRS type 1 Acute cardiac decompensation leading to kidney injury
CRS type 2 Chronic heart failure leading to worsening renal function
CRS type 3 Acute kidney injury leading to cardiac dysfunction
CRS type 4 Chronic kidney disease leading to heart failure
CRS type 5 Systemic conditions leading to both cardiac and renal dysfunction 

C RS = Cardiorenal syndrome (see also Editorial by Ronco and Ronco et al. [2]).

http://dx.doi.org/10.1159%2F000322820
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leads to renal arteriolar constriction resulting in renal ischemia  [7] . This induces a cycle of 
vasoconstriction and inflammatory responses that ultimately results in additional renal in-
jury. Blockade of endothelin receptors in animal models has shown to improve glomerular 
filtration rate (GFR) and renal blood flow  [8] .

  Contrast-induced nephropathy (CIN) is another important clinical complication of an 
acute coronary syndrome as a result of revascularization. The exact definition of CIN differs, 
but most characterize it as an increase in SCr from 0.5 to 1.0 mg/dl or an increase from base-
line by 25–50% within 72 h following contrast administration  [9] . The variable definition 
leads to a broad range of reported incidence rates of CIN anywhere from 0% to as much as 
50% in higher-risk individuals  [10] . Whether the type of contrast medium used affects CIN 
has been a topic of great debate.

  A large, randomized, clinical trial compared ionic (diatrizoate meglumine/sodium) and 
nonionic (iohexol) contrast media. A total of 1,196 patients were enrolled and followed for at 
least 48 h after catheterization. The results showed that in the iohexol group 3.2% of the pa-
tients had an increase in SCr  1 1.0 mg/dl compared to 7.1% in the diatrizoate group  [11] . The 
patients who developed nephrotoxicity were mainly those who had baseline renal dysfunc-
tion, regardless of whether they had diabetes mellitus. Therefore, this study demonstrated 
that using low-osmolar nonionic contrast media may decrease the incidence of renal dys-
function. Iodixanol was compared with iohexol in a double-blind, randomized, prospective 
study of 129 patients. Results showed that the mean creatinine level increased significantly 
more in the iohexol group compared to the iodixanol group  [12] . While the type of radiocon-
trast medium used has evolved over the years, the key is still identifying patients at risk for 
CIN prior to a contrast procedure such as cardiac catheterization with coronary angiogra-
phy. A risk score was created to predict CIN after percutaneous coronary intervention (PCI). 
A total of 8,357 patients were enrolled. The results showed that eight variables, including hy-
potension, use of an intra-aortic balloon pump, congestive heart failure, chronic kidney dis-
ease (CKD), diabetes, age  1 75 years, anemia, and contrast volume, were found to be inde-
pendent predictors of CIN  [13] . These variables, which are easily obtainable from an admis-
sion evaluation, can help clinicians risk stratify patients.

  Identifying patients with acute coronary syndrome and ischemia is crucial, especially in 
those presenting with cardiogenic shock. The overall prognosis of cardiogenic shock in the 
setting of myocardial infarction alone is associated with poor outcomes, with mortality rates 
of almost 50%  [14, 15] . In this setting, AKI is a serious complication, with the incidence of 
AKI in ST-elevation myocardial infarction being around 50%  [14] . In other studies, AKI has 
been found to be a strong independent predictor of mortality, with in-hospital mortality rates 
as high as 87%  [15] .

  Type 2: Chronic Heart Disease Which Results in Kidney Disease 
 The second subtype of cardiorenal syndrome is most often associated with chronic heart 

failure leading to renal dysfunction  [2] . The presumed pathophysiology is chronic poor for-
ward flow leading to renal hypoperfusion. Poor cardiac output leads to RAAS activation and 
eventual fibrosis and negative myocardial remodeling. Though this is the prevailing concept, 
recent data do not support this as the only explanation. The Evaluation Study of Congestive 
Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) randomized 
433 heart failure patients to receive therapy guided by a pulmonary artery catheter or clini-
cal assessment alone  [16] . The median baseline SCr was 1.5 mg/dl and median GFR was 71.4 
ml/min. The results in the 193 patients treated with a pulmonary artery catheter showed that 
there was no correlation between SCr or GFR and pulmonary capillary wedge pressure, car-
diac index or systemic vascular resistance. Furthermore, improvement in the cardiac index 
(1.9–2.4 l/min/m 2 ) did not improve renal function  [17] .
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  A significant correlation between right atrial pressure and baseline SCr and GFR was 
observed suggesting a role for systemic venous congestion in the development of renal dys-
function  [16] . For example, in 145 patients admitted with acute decompensated heart failure, 
patients with higher baseline central venous pressure had a higher risk of worsening renal 
function. When treated to a central venous pressure of  ! 8 mm Hg, the incidence of renal 
dysfunction was decreased during inpatient hospitalization. The overall change in the base-
line cardiac index did not affect GFR during hospitalization, similar to ESCAPE findings 
 [18] . These observations suggest that worsening forward flow in chronic heart failure may 
not be the only mechanism of renal dysfunction in these patients and that venous congestion 
may play a role. An increase in central venous pressure causes a decrease in perfusion pres-
sure across the glomeruli leading to worsening renal function  [19] . In addition, these find-
ings could implicate a role for atrial natriuretic peptides (ANP). Given that atrial stretch and 
increased pressure could increase ANP levels, it is surprising that volume balance is not 
maintained. Resistance of the kidney to the effects of ANP, the overwhelming effects of oth-
er reflex mechanisms through RAAS and the sympathetic nervous system can render the 
effects of ANP on the kidney less than optimal. It is interesting to consider whether the lack 
of effect of ANP on the kidney is a marker of severe cardiorenal syndrome type 2 or impor-
tant in the pathophysiology of type 2.

  Type 3: AKI 
 In the acute renal-cardiac setting, AKI can lead to cardiac dysfunction by multiple path-

ways. An acute decrease in GFR can lead to flash pulmonary edema, volume congestion, and 
increased preload. The inability to balance electrolytes can lead to cardiac arrhythmias. With 
these complications, the key in this clinical setting is early recognition and management. 
Research for novel biomarkers in early detection of kidney injury has been promising. Neu-
trophil gelatinase-associated lipocalin (NGAL) is a protein that is released in response to 
renal injury. Mouse models have shown an increase in protein expression even in mild renal 
ischemia. The onset of serum NGAL elevation in mice occurred within hours of the ischemic 
event  [20] . This has translated to human studies, one of which compared NGAL to SCr in 71 
cardiac surgery patients monitored for AKI after surgery. In 20 patients that developed acute 
renal injury, urinary NGAL concentrations were increased just 2 h after bypass surgery ver-
sus 1–3 days when measuring SCr alone  [21] . Therefore, NGAL may represent an early sensi-
tive test to detect AKI.

  Cystatin C is a cysteine proteinase that is found in nucleated cells and has been studied 
as a marker for GFR. In the clinical setting, widespread use of cystatin C is not common, but 
studies have shown its potential utility. In acute renal failure patients, cystatin C was in-
creased on average 1.5–2 days earlier than SCr  [22] . This result was also confirmed in a me-
ta-analysis by Dharnidharka et al.  [23]  showing serum cystatin C is a better marker for GFR 
than creatinine. Other markers such as kidney injury molecule-1 and interleukin-18 are still 
under investigation  [2] . These all indicate potential for early detection of AKI, though large 
randomized trials are still needed before they are put into clinical practice.

  Type 4: CKD 
 According to the Third National Health and Nutrition Examination Survey (NHANES 

III), the prevalence of CKD in the United States is approximately 11%, which translates 
into about 19 million Americans  [24] . Among these patients, cardiovascular disease is a 
major cause of mortality. In a meta-analysis of non-dialysis-dependent CKD patients, car-
diovascular etiologies accounted for 58% of the deaths in the thirteen studies that report-
ed cardiovascular and all-cause mortalities  [25] . In another study, investigators sampled 
the United States Medicare population between 1998 and 1999 and found that in non-
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diabetics with CKD, the incidence rate of developing congestive heart failure over 1 year 
was 30.7%  [26] .

  The United States Renal Data System (USRDS) database is an annual publication related 
to statistics in those with severe and end-stage renal disease. These data shed light on the 
impact of cardiovascular disease on CKD. According to the USRDS, patients with CKD stage 
3–5 who develop an acute myocardial infarction have mortality rates reaching 51% at 12 
months. Even if patients survive the initial event, the re-hospitalization rate is about 70% in 
the 12 months following an acute myocardial infarction  [27] . Compliance to treatment with 
 � -blockers and angiotensin-converting enzyme inhibitors in CKD patients is about 46 and 
44%, respectively. The use of both agents concurrently amounts to 28%  [27] . This rich data 
set provides invaluable information since many clinical studies exclude patients with high 
SCr, which limits the amount of information available in this population.

  The high mortality risk in CKD patients is multifactorial, but one of the major concerns 
is response to PCI and CIN. In these high-risk patients, there is a trend towards conserva-
tive management, but evidence favors aggressive treatment in these cases. In an observa-
tional study, 40,374 patients who underwent coronary angiography were divided into dialy-
sis- and non-dialysis-dependent kidney disease and control groups. The results showed that 
those who had treatment with either coronary artery bypass grafting (CABG) or PCI had a 
higher survival rate compared to those with no revascularization, especially in the dialysis 
group  [28] . This survival advantage of revascularization has been validated in other studies 
as well.

  Comparing PCI to CABG, multiple studies showed a benefit for CABG as the mode for 
revascularization. Ashrith et al.  [29]  published a retrospective analysis of 812 patients with 
CKD and found that in the non-dialysis-dependent patients, CABG led to better survival 
than PCI with drug-eluting stents. However, this result was not without comorbidity in that 
CABG patients had a greater risk of requiring dialysis post-operatively compared to PCI pa-
tients (4.2 vs. 1.5%, respectively). In patients already on dialysis, CABG also proved to result 
in better outcomes. Sunagawa et al.  [30]  evaluated CABG versus PCI with drug-eluting stents 
in this population and showed that the 2-year survival was better in the CABG group than 
in the PCI group (84 vs. 67.6%, respectively). The superiority in the CABG group in these 
studies may be related to complications from repeat revascularization in the PCI group or 
stent thrombosis. Though revascularization seems to have better outcomes, the overall mor-
tality rate of patients with CKD is still high compared to a normal population. A large, ran-
domized, clinical trial comparing the superiority of either revascularization method has yet 
to be done in this population.

  Type 5: Systemic Dysfunction 
 This final subtype incorporates the secondary causes of the cardiorenal syndrome. Sys-

temic illnesses such as diabetes, hypertension, amyloidosis, and lupus erythematosus are all 
examples of diseases that can impact both the cardiac and the renal system. Another impor-
tant systemic illness is sepsis in the critically ill patient. In this setting, the increased produc-
tion of tumor necrosis factor may play a role in reducing myocardial function  [2] . This can 
lead to renal dysfunction secondary to poor renal perfusion similar to the type 1 cardiorenal 
syndrome described previously. Another consideration is the increase in sympathetic stimu-
lation that leads to the down-regulation of  � -adrenergic receptors that can lead to a de-
creased cardiac output  [19] . The clinical goal in this setting is treatment of the underlying 
systemic disease.
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  Management 

 The management of patients with the cardiorenal syndrome is often complex and chal-
lenging. From a cardiac perspective, the treatment of heart failure often relies on large doses 
of diuretics and afterload reduction in order to optimize preload and afterload. As a result 
of volume depletion, renal function worsens. Conversely, treatment with volume to preserve 
renal function leads to pulmonary and systemic congestion and worsening heart failure. 
This has led clinicians to evolve therapies to find this delicate balance between these two in-
terconnected systems.

  Loop Diuretics 
 Loop diuretics are the standard therapy in the treatment of acute heart failure exacerba-

tion. The aggressive use of loop diuretics, though, can initiate a cascade of events leading to 
worsening renal function. Volume depletion with or without associated hypotension leads to 
RAAS activation causing sodium retention and further worsening of renal function. Close 
attention should be paid to hemodynamic parameters, especially renal perfusion pressure, 
weight loss, and edema, during treatment.

  Another important concept in managing patients with loop diuretics is diuretic resis-
tance. The ‘braking phenomenon’ is described as avid sodium retention in the distal tubules 
that occurs usually after a single dose of diuretics. The mechanism behind this phenomenon 
is not clearly understood, but may be secondary to hypertrophy of distal tubules  [31] . Regard-
less of the cause, this phenomenon leads to a poorer response to subsequent dosing of diuret-
ics ultimately leading to an inability to decrease intravascular congestion. In these cases, 
continuous infusion of furosemide may be more effective than bolus dosing  [32] . The con-
comitant use of thiazides may also improve diuresis in this setting by blocking sodium reab-
sorption in the distal tubules  [33] .

  Nesiritide 
 Nesiritide, a recombinant human B-type natriuretic peptide, is a vasodilator with mild 

diuretic effects. It acts by increasing cyclic GMP leading to smooth muscle relaxation, there-
by reducing cardiac filling pressures. While using nesiritide is theoretically promising, its 
clinical role in heart failure treatment is still in question. Colucci et al.  [34]  demonstrated 
there may be a short-term role of nesiritide in patients admitted with decompensated heart 
failure. In the study, a two-arm design was employed to compare pulmonary capillary wedge 
pressure and clinical symptoms. Nesiritide (at doses of 0.015 and 0.03  � g/kg/min) decreased 
pulmonary capillary wedge pressure by 9.6 mm Hg at the higher dose. Patients also reported 
symptom reduction in dyspnea by 57%  [34] .

  Despite the possible role of nesiritide in treating symptoms of heart failure, a meta-anal-
ysis showed that regular- and low-dose nesiritide ( ! 0.03 and  ! 0.015  � g/kg/min, respective-
ly) may significantly increase the risk of worsening renal function in patients with acutely 
decompensated heart failure. The patients receiving low doses of nesiritide were compared 
to control patients where therapy consisted of diuretics and other vasodilators. The data were 
pooled from five randomized studies that included 1,269 patients. The frequency of worsen-
ing renal function, defined as an increase in SCr  1 0.5 mg/dl at any time during patient ad-
mission, was 21% in patients treated with nesiritide compared to 15% in the control group 
 [35] . In this meta-analysis, there was no difference between the nesiritide and control groups 
in terms of patients requiring dialysis. Based on these data, nesiritide may improve short-
term symptoms, but side effects such as worsening renal function are still a concern. The 
potential use of nesiritide in treatment is currently still under investigation. The forth-
coming Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure 

http://dx.doi.org/10.1159%2F000322820
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(ASCEND-HF) is an outcome trial that may elucidate its role. Endpoints in that trial include 
all-cause mortality, re-hospitalization rates for heart failure, as well as worsening renal func-
tion  [36] .

  Ultrafiltration 
 Patients with cardiorenal syndrome may still have significant volume overload and ve-

nous (pulmonary and systemic) congestion despite being treated with diuretics. Independent 
of whether this is secondary to diuretic resistance or worsening renal function, other viable 
options for fluid removal such as ultrafiltration are considered. The Ultrafiltration versus 
 Intravenous Diuretics for Patients Hospitalized for Acute Decompensated Heart Failure 
 (UNLOAD) trial, a prospective, randomized, multicenter trial, compared ultrafiltration to 
standard diuretic therapy. Two hundred patients were randomized to ultrafiltration or intra-
venous diuretics, with the diuretic dose in the protocol set to the level of at least two times the 
total dose patients were taking prior to hospitalization. The primary endpoints included re-
duction in weight and dyspnea symptoms of patients on admission. After 90 days, the ultra-
filtration group showed less patient re-hospitalizations and a greater net reduction in fluid 
loss during hospitalization (4.6 compared to 3.3 liters in the controls). There were no signifi-
cant differences between the two treatment groups in SCr and dyspnea scores  [37] . This trial 
showed the potential use of ultrafiltration as a viable treatment option in patients with the 
cardiorenal syndrome, but long-term outcome has yet to be determined. Currently, the Car-
diorenal Rescue Study in Acute Decompensated Heart Failure (CARRESS) designed to study 
standard medical drug therapy versus ultrafiltration is underway. Its primary outcome mea-
sures are changes in SCr and weight. This study is currently recruiting patients  [38] .

  Future Treatment Prospects 

 Tolvaptan (Vasopressin Antagonist) 
 Arginine vasopressin (AVP), or anti-diuretic hormone, is secreted by the posterior pitu-

itary gland in response to changes in osmotic concentrations in the extracellular fluid. It acts 
by binding to three AVP receptor subtypes. The two vasopressin receptors important in the 
pathogenesis and worsening of heart failure include V 1a  receptors (found on smooth muscle 
cells), which cause arterial vasoconstriction in response to AVP, and V 2  receptors (found in 
the renal collecting tubules), which result in an increased free water absorption in response 
to AVP  [31] . For these reasons, investigators looked into inhibiting V 2  receptors to prevent 
reabsorption of fluid leading to worsening vascular congestion. The most clinically studied 
compound to date has been tolvaptan, an oral V 2  receptor antagonist.

  The efficacy of tolvaptan was evaluated in multiple studies. The Effects of Tolvaptan, a 
Vasopressin Antagonist, in Patients Hospitalized with Worsening Heart Failure (ACTIV) 
trial was a randomized, double-blind, placebo-controlled study that enrolled 319 patients to 
receive 30, 60, or 90 mg of tolvaptan or placebo in addition to standard therapy. Tolvaptan 
was continued for up to 60 days. Results showed that tolvaptan was effective in decreasing 
body weight 24 h following randomization, –2.5 kg in the 90-mg tolvaptan group versus –0.6 
kg in the control group. It is important to note that there was no significant change in SCr 
in the tolvaptan group at the time of discharge  [39] .

  In another study, the Effects of Oral Tolvaptan in Patients Hospitalized for Worsening 
Heart Failure (EVEREST) trial, 4,133 patients were randomized to receive 30 mg of tolvaptan 
once daily or placebo in addition to standard therapy. The study excluded patients with SCr 
 1 3.5 mg/dl. The results showed no difference in the primary endpoints of all-cause mortality 
or hospitalization for heart failure. However, it did show improvement in secondary endpoints 
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of dyspnea and body weight compared to standard therapy. Changes in body weight were –1.76 
kg in the tolvaptan group and –0.97 kg in the placebo group. Serum sodium levels, a known 
predictor of an adverse outcome, were significantly increased by almost 6 mEq/l from baseline 
by the time of discharge in the tolvaptan group. The 9.9-month follow-up duration in the 
EVEREST trial was greater than the follow-up in the ACTIV trial. There were no differences 
in mortality between the tolvaptan and placebo groups after 9 months of treatment and fol-
low-up  [40] . Therefore, the EVEREST study showed improvement in symptoms of edema and 
dyspnea with no effects on mortality at nearly 10 months. These two studies showed that 
tolvaptan is an effective therapeutic option in the acute treatment of patients with heart fail-
ure. Further studies are needed to evaluate whether long-term mortality benefits exist.

  Adenosine A 1  Receptor Antagonists 
 There are four different subtypes of adenosine receptors. A 1  receptor activation causes 

renal afferent arteriolar constriction leading to decreased renal blood flow and increased so-
dium reabsorption. It has also been suggested that A 1  receptors directly affect cardiac remod-
eling by promoting cardiac fibrosis  [41] . This led to the development of selective A 1  receptor 
antagonists such as BG9719 and KW-3902  [31] . To date, both compounds show promise in 
preserving renal function in conjunction with standard diuretic therapy. More definitive 
studies are currently in progress.

  Conclusion 

 The definition and pathophysiological understanding of the cardiorenal syndrome con-
tinue to evolve. Markers for AKI can potentially detect renal injury at an early stage and 
therefore result in earlier treatment initiation. Management of the cardiorenal syndrome will 
advance as more data from clinical trials such as ASCEND-HF and CARRESS become avail-
able. From a cardiologist’s perspective, one thing remains clear. The management of the car-
diorenal syndrome involves a multidisciplinary approach between cardiologists, nephrolo-
gists, and intensivists. Treatment needs to focus on the co-dependent relationship between 
these two vital organ systems.
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