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Although the striking improvements observed in the prevention, diagnosis, and 

management of cardiovascular diseases, with dramatic falls in mortality rates associated 

with acute coronary syndromes, hypertension, arrhythmias, and valvular and congenital 

heart diseases, we still assist to an increasing prevalence of symptomatic heart failure (HF) 

(1), which is the end of the continuum of the cardiovascular disease spectrum. 

HF is primarily a disease of the elderly, affecting 10% of men and 8% of women over 

the age of 60 years, and its prevalence rises with age (1). Among patients with a diagnosis 

of HF, 50% or more have preserved left ventricular systolic function, being this diagnosis 

more frequent in women aged >75 years (2). 

Survival after a diagnosis of HF has improved during the last decades (3, 4), 

particularly in HF with reduced ejection fraction (HFrEF), in which evidence-based 

therapeutic strategies have shown remarkable results. Nevertheless, the 5-year mortality is 

still approximately 50%, worse than that of many cancers (5). This may be related to the 

increasing prevalence of HF with preserved ejection fraction (HFpEF) (6, 7), in which 

therapeutic strategies are still to define. The mean age at death from HF has risen (3, 4), 

and HFpEF also occurs in older patients, in whom co-morbidities are more frequent, 

limiting treatment optimization and possibly making the effects in morbidity and mortality 

less visible (8). 

Acute HF, which includes the new onset of HF requiring hospital admission and the 

decompensation of chronic HF, is the most common cause of hospital admission among 

patients with HF (1), and represents 1–2% of all hospital admissions, which makes it the 

leading cause of hospitalisation for patients older than 65 years in medical wards (9). In 

Europe, the rates of first hospitalisation for HF are clearly declining since 1994, although 

repeat admission rates are still increasing (3). The prognosis of patients admitted for acute 

HF is dismal, with unacceptably high mortality and readmission rates. The in-hospital 

mortality rate ranges between 4 and 6.7% in different registries, and the median length of 

stay between 4.3 and 9 days (10-14). After discharge, mortality rates are 10% at 30-60 days 

and 20-40% at 6-12 months (12, 13, 15). Readmission rates are also high: 20-24% at 30 days 

and 50% at 6-12 months (15, 16). 

Prognostic tools for acute HF patients have been proposed, in an attempt to help 

clinicians make better decisions. Despite a myriad of established predictors, it is difficult to 

assemble a risk model for acute HF patients. Individually, several physiological indices of 

HF severity do anticipate higher event rates. Markers of elevated filling pressures (such as 

jugular venous pressure, orthopnea, and echocardiographic filling patterns), higher levels 

of cardiac biomarkers (including natriuretic peptides and cardiac troponins), indicators of 

neurohormonal activation (as higher levels of circulating catecholamines and renin-

angiotensin-aldosterone system metabolites or lower levels of serum sodium), increasing 

diuretic requirements or intolerance to neurohormonal antagonists (due to hypotension or 
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renal dysfunction), cardiac and non-cardiac comorbidities, all these factors seem to be 

independent risk predictors (17). Renal dysfunction, including both baseline renal 

dysfunction and worsening renal function (WRF) during the course of HF hospitalization, is 

considered the single most important prognostic factor in the outcome of patients with 

acute HF (15, 17), associated with higher in-hospital mortality, increased all-cause re-

hospitalisation rates and longer duration of hospital stay (18-22). 

Acute HF is characterised by signs and symptoms caused by increased venous 

congestion and reduced forward flow. In fact, renal sodium and water retention that lead 

to congestive symptoms, the hallmark of acute HF syndromes, were in the genesis of the 

cardio-renal model of HF, emphasising the close interplay between the heart and the 

kidney that occurs in these patients (1). The presence of type 1 cardio-renal syndrome 

(CRS), which accounts for the occurrence of acute kidney injury (AKI) in the setting of a HF 

decompensation, has been suggested to be one of the most powerful determinants of 

outcome. Thereby, the ability to recognise patients with type 1 CRS can be very important 

to develop strategies aimed at improving our current treatment options and therefore the 

outcomes of this population. 

 

Type 1 cardio-renal syndrome 

 

The crosstalk between the heart and the kidney, observed in HF, has gathered 

growing interest in recent years and has been subject of intense and increasing clinical 

investigation. The actual knowledge emphasises the role of the damaged heart signaling the 

kidneys through haemodynamic factors (23). However, it is recognised that this interaction 

is most probably bidirectional. 

 

Pathophysiology of type 1 cardio-renal syndrome 

The interaction between the heart and the kidney is modulated by the cardio-renal 

axis, which encompasses the sympathetic nervous system (SNS), the renin-angiotensin-

aldosterone system (RAAS), and the arginine-vasopressin (AVP) system, in order to maintain 

the integrity of effective arterial blood volume. In a normal heart, the physiological 

response to an increase in left atrial pressure is an increase in sodium and water excretion, 

by decreasing the release of AVP from posterior hypophysis, decreasing the renal 

sympathetic tone, and releasing natriuretic peptides. In HF, these mechanisms are blunted, 

and the kidneys continue to retain sodium and water despite the elevation of total blood 

volume (24). 
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As a very early response of the kidney epithelium to acute injury, the normally 

highly polar epithelial cell loses its polarity, with mislocalization of adhesion molecules and 

other membrane proteins such as the Na+/K+-ATPase and β-integrins, and there is a rapid 

loss of tubular cell cytoskeletal integrity, with loss of its brush border (25). This occurs 

mainly in epithelial cells of the proximal tubules of the outer medulla, which are most 

susceptible for ischaemia and toxic influences, and that can undergo phenotypic 

transformation to progenitor cells and thus appear to be the source for stem cells that 

organize the epithelial reconstitution in the repair phase (26). With increasing time of 

ischaemia, there is cell death by either necrosis or apoptosis, with disruption of cell-cell 

interactions. Some of the necrotic debris is then released into the tubular lumen, where it 

interacts with proteins such as fibronectin, resulting in intratubular obstruction, with 

consequent increase in tubular pressure. In addition, because of the mislocation of 

adhesion molecules, epithelial cells are desquamated, leaving regions where the basement 

membrane remains as the only barrier between the filtrate and the peritubular 

interstitium. These factors allow for backleak of the filtrate. This injury to the epithelium 

results in the generation of inflammatory and vasoconstritive mediators, with release of 

immunological danger signals or danger-associated molecular pattern molecules 

(DAMPs), such as the chromatin-associated protein high-mobility group box 1, DNA, 

ATP, adenosine and uric acid, which communicate with remote organs including the 

kidney, where they activate immune effector cells, such as dendritic cells and T cells, 

thus triggering inflammation. This inflammatory milieu leads to dysfunction of renal 

cells and this may be the key factor leading to AKI. The kidney responds to the injury by 

initiating a repair process, if there are sufficient nutrients and sufficient oxygen delivery 

subsequent to the ischemia period, where tubular epithelial cells undergo 

dedifferentiation, reacquire progenitorial ability to proliferate, migrate, and 

redifferentiate into mature intrinsic cells. Viable epithelial cells migrate and cover 

denuded areas of the basement membrane. These cells express proteins that are not 

normally expressed in an adult mature epithelial cell. The cells then undergo division and 

replace lost cells. Ultimately, the cells go on to differentiate and re-establish the normal 

polarity of the epithelium, ultimately resulting in restoration of the functional integrity of 

the nephron. However, while the kidney has the capability to recover from injury, this 

recovery process can either leave no lasting evidence of damage or otherwise be 

suboptimal (25, 27). Dissonance of mediator secretion and cell responses may lead to 

persistent injury. A number of soluble mediators including transforming growth factor-

ß (TGF-ß) initiate a variety of pathophysiological processes at the beginning of kidney 

injury. TGF-ß also plays a fundamental role in cell proliferation and interstitial fibrosis 

in later phases. The renin-angiotensin-aldosterone system, especially angiotensin II, 

contributes to kidney injury through the angiotensin II type 1 receptor, TGF-ß receptor 

Smad and epidermal growth factor receptor by affecting general angiostasis and 
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vascular remodeling, indirectly modulating inflammation and cell reactions (27). This 

way, acute kidney injury can result in incomplete repair and persistent tubulointerstitial 

inflammation, with proliferation of fibroblasts and excessive deposition of extracellular 

matrix being a primary determinant of progression to organ dysfunction and de novo 

chronic kidney disease (25). This impaired tubular function may be far more detrimental 

than glomerular filtration to the ability of the kidney to maintain adequate fluid and salt 

balance (28). 

Risk factors for WRF have been extensively evaluated but are still largely unknown, 

and the mechanisms leading to type 1 CRS are not completely understood. A common 

misconception is that WRF in acute HF is mainly due to decreased intravascular volume 

and/or low cardiac output. Previous reports found that venous congestion is the most 

important haemodynamic factor leading to renal function deterioration and, in contrast, 

impaired cardiac index on admission and improvement in cardiac index after intensive 

medical therapy had a limited contribution to WRF (29). In the Evaluation Study of 

Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) 

trial, the authors found a lack of correlation between measured haemodynamic parameters 

and renal function, suggesting that poor forward flow may contribute to but is not the 

primary cause of WRF in patients with advanced HF (23). 

The concept of venous congestion being transmitted to the renal veins and kidneys 

leading to renal dysfunction is supported by a substantial amount of older literature from as 

early as the 1930s. Research observed that, by increasing renal vein pressure, either by 

inducing hypervolaemia (30), by elevating central venous pressure (CVP) (31) or by renal 

vein compression (32, 33), would lead to an increase in renal interstitial pressure, 

activation of the RAAS, and decrease in glomerular filtration rate (GFR) (29, 34). Similarly, 

raised intra-abdominal pressure, either by visceral edema or by the presence of ascites, is 

associated with renal dysfunction, and changes in intra-abdominal pressure after medical 

therapy for acute HF are better correlated with changes in renal function than any 

haemodynamic variable (35). This has been reported not only in HF patients, but also in 

extensive surgical literature, and may happen because raised intra-abdominal pressure is 

transdiaphragmatically transmitted and may elevate intrathoracic pressures, thus indirectly 

increasing CVP, and also because raised intra-abdominal pressure directly compresses renal 

veins, in both ways leading to reduction in renal perfusion (36-38). 

In fact, most patients with acute HF present elevated, rather than low systemic 

blood pressure (11), and additionally, the incidence of WRF in acute HF patients is similar 

among those with reduced and preserved systolic function, the latter less frequently 

presenting with impaired cardiac output (39, 40). 
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Furthermore, in non-congestive patients, serum creatinine increases are probably 

secondary to arterial underfilling and decreased renal perfusion pressure, caused by 

enhanced diuresis or RAAS blockade, and are usually transient and not associated with 

permanent renal injury or poor prognosis (41). This way, WRF alone, when detected using 

serial serum creatinine measurements, revealed not to be an independent determinant of 

outcomes in patients with acute HF, having an additive prognostic value only when it occurs 

in patients with persistent signs of congestion (41). These findings suggest that changes in 

serum creatinine are not a reliable tool to detect new or worsening renal function in 

patients with acute HF, encouraging the search for novel markers of AKI. 

 

Definition, prevalence and outcomes of type 1 cardio-renal syndrome 

It is widely accepted that GFR is the most useful index of kidney function, and 

changes in serum creatinine and urine output are surrogates for changes in GFR. 

Recognizing the limitations of the use of a decrease in renal function for the early 

detection and accurate estimation of renal injury, it is consensual that, while more 

sensitive and specific biomarkers are needed, the diagnosis of AKI relies on changes in 

serum creatinine and/or urine output. The first international consensus criteria for 

diagnosis of AKI were the Risk, Injury, Failure, Loss and End-stage kidney disease (RIFLE) 

criteria, proposed by the Acute Dialysis Quality Initiative in 2004 (42), followed in 2007 by 

the Acute Kidney Injury Network (AKIN) criteria (43), that intended to detect small changes 

in serum creatinine not identified by RIFLE. AKI classified by either of these two criteria is 

associated with similarly increased hospital mortality. However, the two criteria identify 

somewhat different patients, with the RIFLE criteria failing to detect 9% of cases detected 

by AKIN criteria, and AKIN criteria missing 26.9% of cases detected by RIFLE criteria (44). 

For this reason, more recently the National Kidney Foundation attempted to harmonize the 

previous definitions, proposing the Kidney Disease Improving Global Outcomes (KDIGO) 2012 

criteria, which represent the combination of RIFLE and AKIN criteria (45). Markers of 

damage are still not included as criteria for defining AKI. 

AKI is now defined as the occurrence of WRF with an increase in serum creatinine 

by ≥0.3 mg/dL within 48 hours, or an increase in serum creatinine to ≥1.5 times baseline, 

which is known or presumed to have occurred within the prior 7 days, or an urine volume 

<0.5 mL/Kg/h for 6 hours. AKI is staged for severity in three stages, according to the 

increase in serum creatinine and/or the decrease in urine output, and this staging is 

important since, with increasing stage of AKI, the risk for death and need for renal 

replacement therapy raises. Additionally, the KDIGO guidelines recommend the cause of 

AKI to be determined whenever possible, with special attention to reversible causes. AKI is 

a broad clinical syndrome that includes, but is not limited to, acute renal failure, 

encompassing various etiologies, including specific kidney diseases (e.g., acute interstitial 
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nephritis, acute glomerular and vasculitic renal diseases), non-specific conditions (e.g, 

ischemia, toxic injury), as well as extra-renal pathology (e.g., pre-renal azotemia and 

acute post-renal obstructive nephropathy). The manifestations and clinical consequences of 

AKI can be quite similar regardless of whether the etiology is predominantly within the 

kidney or predominantly from outside stresses on the kidney. 

The CRS occurring during HF hospitalisation, or type 1 CRS, is defined as an 

increase in serum creatinine level of ≥0.3 mg/dl from admission level, and occurs in 27-39% 

of patients, usually within the first 48-72 hours (18-20, 43, 46, 47). 

In several previous reports, the prognostic value of CRS in acute HF has been 

consistently shown, and this has been true whether renal function is evaluated based on 

plasma creatinine, GFR or cystatin C (18, 20, 21, 46-57), particularly in congestive patients 

(41), with an hazard ratio of 1.47-1.92 for all-cause mortality (21, 57) and 1.47 for 

cardiovascular mortality or re-hospitalisation for HF (19). Furthermore, in the general 

population, recent evidence has shown that even mild, reversible AKI conveys the risk of 

persistent tissue damage, and severe AKI can be accompanied by an irreversible decline of 

kidney function and progression to end-stage kidney failure (58-60). 

 

Biomarkers of renal function and damage 

 

Serum creatinine as a marker of renal function 

Serum creatinine has generally been used clinically to estimate renal function and 

diagnose AKI and type 1 CRS in HF. Serum creatinine is freely filtered at the glomerulus and 

not reabsorbed, but undergoes tubular secretion (distal tubular secretion may account for 

up to 10% to 40%), and thus creatinine clearance overestimates inulin clearance, the gold 

standard for GFR (61). Several factors, as age, gender, muscle mass, physical activity and 

diet, influence the level of creatinine. In addition, because of the nonlinear relationship 

between creatinine concentration and GFR, creatinine is thought to be also insensitive to 

detect small decreases in GFR and mild renal dysfunction. In addition, delays in achieving 

steady state (which may take up to 7 days) and varying levels make it an unreliable 

measure for accurate and timely information. Therefore, the current diagnosis of AKI does 

not rely on measurement of a marker of acute injury but instead on a marker of steady 

state kidney function, muscle-derived serum creatinine. In non-steady state conditions, 

such as AKI, creatinine is a rather unreliable biomarker of renal function. It is, at best, a 

retrospective window for renal dysfunction (62). 
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According to the National Kidney Foundation and the International Society of 

Nephrology practice guidelines (63, 64), glomerular filtration is the gold standard to assess 

renal function, although it depends on various factors, including age, sex and body surface 

area. The most precise methods for calculating kidney function, such as the isotopic GFR 

and creatinine clearance (CrCl) in a 24-hour urine specimen, are not suitable in daily 

practice. Instead, several equations based on serum creatinine were developed to calculate 

the estimated GFR (eGFR). The most frequently used are the Cockcroft-Gault equation 

(65), the 6-variable Modification of Diet in Renal Disease (MDRD) equation (MDRD-6) (66), 

and the simplified 4-variable MDRD equation, re-expressed after isotope dilution mass 

spectrometry (IDMS)-traceable calibration (MDRD-4) (67, 68). The Cockcroft-Gault equation 

has been shown to determine more accurately CrCl in situations in which renal function is 

only slightly altered, and tends to overestimate glomerular filtration when the grade of 

renal dysfunction is greater, partly because it was developed to estimate CrCl and not the 

GFR. The MDRD-6 and MDRD-4 equations were studied in patients already diagnosed with 

renal insufficiency, so they have less accuracy in patients with slight alterations in kidney 

function, and have a higher performance than the Cockcroft-Gault equation in patients 

with lower filtration rates. The MDRD-6 equation appears to be the most precise and has 

good prognostic value. The MDRD-4 equation is slightly less accurate but uses fewer 

parameters, which makes it a practical alternative (50). However, the Cockcroft-Gault 

equation is preferable in small, female, and elderly patients (62). 

A more recent equation, the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation (CKD-EPICr) (69), a creatinine-based eGFR equation, has been described 

and validated in population studies. It takes into account serum creatinine, age, sex and 

race, and it seems to be more precise than MDRD-6 for classifying individuals with an eGFR 

>60 mL/min./1.73m2. The CKD-EPICr equation currently seems to be the most accurate 

method for estimating creatinine-based eGFR for diverse populations (70-72) and also for 

chronic HF patients (73). 

However, as all these equations are based on serum creatinine, they are subject to 

the same bias as creatinine values, and they have shown to be less accurate in over and 

underweight patients, in whom muscle mass can influence the serum creatinine level (74). 

Lessons from HF studies suggest that creatinine-based equations appear to be more precise 

and accurate with increasing HF severity (50). In HF populations, as well as in healthy 

populations, all these equations tend to overestimate lower filtration rates and 

underestimate more elevated filtration rates (50), so they are also less accurate in the 

extremes of renal function. 
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Serum creatinine as a marker of prognosis 

The CKD-EPICr equation more appropriately categorizes individuals with respect to 

long-term risk compared with the MDRD-4 equation, in diverse populations (70-72). The 

value of eGFR calculated by different equations for predicting the risk of death in chronic 

HF patients has been previously assessed. In this setting, the CKD-EPICr equation more 

accurately estimated measured GFR than the MDRD-4 equation, with less bias and greater 

accuracy and precision, however their prognostic power was equivalent (73). The MDRD-4 

and CKD-EPICr equations have been compared with the Cockcroft-Gault equation in 

patients with chronic HF (75), and the latter revealed to be the best estimator of renal 

function for the prediction of long-term mortality. The better predictive value of the 

Cockcroft-Gault equation over other creatinine-based equations has been observed in other 

populations, namely in acute myocardial infarction (76). The reason for the better 

performance of the Cockcroft-Gault equation is not completely understood, and no studies 

comparing equations and direct measures of filtration rate have been performed in these 

populations, but the inclusion of weight in the equation might contribute to its better 

discriminative value (77). 

Due to these potential pitfalls, recent research has moved the focus towards 

potentially better and more sensitive markers of kidney damage and function. 

 

Novel biomarkers for type 1 cardio-renal syndrome 

 

The ideal biomarker should be either highly sensitive (diagnosis) or highly specific 

(treatment effect), reflect abnormal physiology/biochemistry, be a specific prognostic 

marker, and be used both to guide therapy and monitor the effects of that therapy (78). 

In CRS, the main issue is to characterize the type of renal injury, separating 

functional disorders from tubular damage. Functional markers reflect functional disorders, 

where a decrease in glomerular filtration occurs. The traditional marker of renal 

dysfunction, serum creatinine, has been useful as a biomarker of AKI, but lacks sensitivity 

and specificity for the early detection of AKI and for the estimation of GFR, representing a 

late diagnostic tool serving as a surrogate marker for a decrease in GFR (79). When GFR is 

declining, the damage often has already occurred, and very little can be done to prevent or 

to protect the kidney from further damage. In these circumstances, the early identification 

of patients who have renal injury and cardiovascular risk may lead to new insights and 

implementation of potentially novel and effective therapies, resulting in improved patient 

morbidity and mortality, and the importance of sensitive, specific, but most of all early 

criteria to diagnose AKI have clearly emerged. 
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Research has focused on tubular damage biomarkers. Several new renal biomarkers 

have been proven to be useful diagnostic tools to detect the presence of early kidney 

damage and to describe the level of its severity (80), and may play important roles in type 

1 CRS. Serum cystatin C, urine interleukin-18 (IL-18) and urine kidney injury molecule-1 

(KIM-1) performed best for the differential diagnosis of established AKI. Serum cystatin C 

and urine neutrophil gelatinase-associated lipocalin (NGAL), IL-18, glutathione-S-

transferase-p and c-glutathione-S-transferase performed best for early diagnosis of AKI. 

Urine N-acetyl-ß-D-glucosaminidase (NAG), KIM-1 and IL-18 performed best for mortality 

risk prediction after AKI (80). 

It might be appropriate to redefine AKI by either a predictive biomarker of kidney 

damage or a sensitive measure of decrease in kidney function, and the future may lie in the 

application of a combined marker panel, to increase discrimination and to give hints 

regarding the underlying disease origins in order to better treat different etiologies of AKI 

as well as to determine prognosis and severity (26, 81). 

 

Neutrophil gelatinase-associated lipocalin (NGAL) 

Of several recently characterised novel renal biomarkers, neutrophil gelatinase-

associated lipocalin (NGAL) has received the most interest. NGAL, also known as lipocalin-2 

or siderocalin, is a glycoprotein belonging to the lipocalin superfamily that is synthesised in 

the bone marrow during granulocyte maturation. Neutrophils and epithelial cells, including 

renal proximal tubule cells, release NGAL during injury, and so its urinary and serum levels 

are significantly elevated in epithelial damage (82-84). Several reports have suggested that 

levels of NGAL (urinary and serum) are elevated in patients with AKI (85-89), as well as in 

patients with acute and chronic renal injury in other settings (90-92). 

NGAL has been identified as one of the fastest up-regulated genes in the early 

phase of the post-ischaemic kidney, and so is one of the earliest markers of kidney 

ischaemia and nephrotoxic injury in animal models (93). In humans, this rise in NGAL is 

known to precede the plasma creatinine increase, with urine and serum NGAL levels rising 

as early as from 2 hours onwards after an acute insult to the kidneys (85-89). This elevation 

is observed either in patients undergoing cardiopulmonary bypass (87, 88), in those 

undergoing coronary angiography, as an early marker of nephrotoxicity (94-97), or in 

critically ill populations (98, 99), rendering high sensitivity and specificity. This quick 

elevation of serum NGAL levels after a renal aggression mirror the occurrence of tubular 

damage and do not depend on the fall of GFR, which happens later. However, higher serum 

NGAL levels predict WRF and the subsequent fall in GFR. That has also been demonstrated 

in acute HF patients, in whom admission serum NGAL levels were associated with greater 

likelihood of developing WRF from the fifth hospitalisation day onward (100). 
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There is an increasing body of evidence supporting the prognostic impact of several 

markers of tubulo-interstitial damage, including NGAL, in various renal disorders (83, 90, 

101, 102). Even in the absence of diagnostic increases in serum creatinine, NGAL detects 

patients who are at increased risk of adverse outcomes, a subgroup of patients that likely 

has subclinical AKI (103). In HF, contrariwise, the prognostic value of these markers has not 

been well established. In a study in chronic HF patients, urinary KIM-1, NAG and NGAL 

levels were substantially increased, suggesting an important role for tubular damage in 

cardio-renal interaction in HF, but in opposition to the other markers, NGAL showed not to 

add prognostic information to GFR (104). However, higher serum NGAL levels were reported 

to be associated with poorer 2-year survival in another chronic HF population (105). The 

role of NGAL in the prognostic stratification of acute HF patients has never been addressed. 

 

Cystatin C 

Cystatin C (CysC), an endogenous marker of GFR, has arisen as an interesting 

alternative to the classical markers of renal function. It is a low molecular weight (13.3 

kDa) cysteine protease inhibitor involved in the catabolism of proteins, that is synthesised 

by nucleated cells at a constant rate and is not bound to plasma proteins. Therefore, it is 

freely filtered by the glomerulus, completely reabsorbed in the convoluted proximal 

tubule, and, unlike creatinine, not secreted in the urine, except after tubular damage, 

when reabsorption by the proximal tubule may be diminished due to damage of the 

epithelium (106). 

Serum cystatin C levels rise with decreasing renal function and GFR, and some 

reports suggested that it is a more sensitive and earlier marker of renal dysfunction than 

serum creatinine, after coronary artery bypass surgery (107) and in contrast-induced 

nephropathy (95). Since cystatin C is mainly a marker of GFR, serum levels rise only after 

the GFR begins to fall. Serum cystatin C identifies AKI almost two days earlier than 

creatinine in the intensive care setting (79, 108), and its levels start increasing even in a 

range where serum creatinine cannot detect changes of GFR (75-90 ml/min/1.73 m2) (109, 

110). Currently, it is unclear if the value of cystatin C is generalizable to all forms of AKI, 

or specific to particular populations (81). 

Although previously believed not to be influenced by sex, age, race or muscle mass, 

it is now known that higher serum cystatin C levels are found in older age, male gender, 

and patients with smoking habitus, higher body mass index, hyperthyroidism, high 

concentrations of C-reactive protein and under high doses of corticosteroids, although less 

strongly than creatinine (111). Therefore, several cystatin C-based equations estimating 

GFR taking into account variables such as age, sex, race and body mass index, have been 

developed, including the two CKD-EPI equations (112), one creatinine- and cystatin C-based 
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(CKD-EPICrCysC), and one cystatin C only-based equation (CKD-EPICysC). When compared to 

creatinine and creatinine-based GFR estimating equations, cystatin C and cystatin C-based 

equations provide similarly or even more accurate measures of GFR, both in chronic kidney 

disease patients (111) and in the general population (112-115). 

Previous reports suggested that serum cystatin C could have a role in prognosis 

stratification of acute HF patients, as a strong and independent marker of CRS and 

mortality (48, 49, 116). When compared to creatinine and creatinine-based GFR estimating 

equations, serum cystatin C is a similarly good marker of prognosis stratification in HF 

patients, particularly in those with moderate (eGFR 30-60 mL/min/1.73 m2) renal 

dysfunction (55, 117). 

Similar findings were observed when cystatin C-based GFR equations were 

compared to creatinine-based equations, either in acute myocardial infarction patients 

(118), kidney transplant recipients (119), or in the general population (120, 121). In these 

community studies, adding cystatin C-based eGFR to creatinine-based eGFR improved risk 

classification for all outcomes, in patients with moderate (eGFR 45-59 mL/min/1.73 m2) 

renal dysfunction. In a large population of chronic HF patients, cystatin C-based equations, 

namely CKD-EPICysC and CKD-EPICrCysC eGFR equations, also revealed superior prognostic 

accuracy over creatinine only-based equations, particularly in patients with moderate renal 

dysfunction (122). The utility of cystatin C-based eGFR equations over creatinine-based 

eGFR equations in prognosis stratification in acute HF patients has only been addressed in a 

recent work by Manzano-Fernandez et al., in which the authors found the CKD-EPICysC and 

CKD-EPICrCysC equations to be superior to MDRD-4 equation for predicting long-term 

mortality and/or HF hospitalisation. However, contrarily to the remaining populations, the 

better prognostic power of cystatin C-based equations was seen in patients with eGFR ≥60 

mL/min/1.73 m2 (123). 

 

Kidney Injury Molecule–1 (KIM-1) 

Kidney injury molecule-1 (KIM-1) is a type 1 transmembrane glycoprotein containing 

both a six-cysteine immunoglobulin-like domain and a mucin ectodomain. KIM-1 expression 

is nearly absent in the healthy kidney. As the proximal tubule is sensitive to ischaemic and 

toxic injuries, KIM-1 expression in the apical membrane of proximal tubule epithelial cells is 

rapidly and strongly up-regulated after renal injury (124), and it can be found in urine 

within 12 hours after the initial ischaemic renal insult, prior to regeneration of the 

epithelium, and persists over time, since it persists in the epithelial cell until the cell has 

completely recovered (125). KIM-1 has revealed to be a marker of AKI occurring after 

cardiopulmonary bypass (126, 127) and cardiac catheterization (128), with elevated urine 

levels as soon as two hours after the insult (127), and distinguishing AKI from pre-renal 
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azotaemia and chronic kidney disease (125). High urinary KIM-1 expression was also 

associated with increased risk of death or hospitalisation, independent of GFR, in patients 

with chronic HF (104), and with greater dialysis requirement and hospital death, in patients 

with AKI from diverse etiologies (101). 

  

N-acetyl-ß-D-glucosaminidase (NAG) 

N-acetyl-β-D-glucosaminidase (NAG) is a lysosomal brush border enzyme found 

predominantly in proximal tubular cells. It has a large molecular weight (>130 kDa), 

therefore is not filtered by the glomerule. This way, high urinary levels are unlikely to 

originate from a non-renal source. Urinary NAG has been shown to be a marker of tubular 

cells damage in nephrotoxic and ischaemic renal injury (129), although it can also reflect 

increased lysosomal activity without cellular damage (101), and seems to precede serum 

creatinine rise by 12 hours to 4 days (130). NAG was associated with increased risk of death 

or hospitalisation in chronic HF patients (104) and is also a good predictor of adverse 

outcomes in patients with established AKI (101, 131). In animal models of nephrotoxicity, 

urinary NAG returned to baseline with antioxidant therapy, so it may also reflect effective 

treatment of renal tubular injury (81). 

 

Interleukin-18 (IL-18) 

Interleukin-18 (IL-18) is an 18-kDa pro-inflammatory cytokine, member of the IL-1 

cytokine superfamily, which regulates innate and adaptive immunity (132). It is produced 

by mononuclear cells, macrophages and non-immune cells including proximal tubule cells, 

so is detected in the urine after acute proximal tubular damage. IL-18 seems to be an 

important mediator of acute ischaemic AKI. Its urine levels increase in patients with acute 

tubular necrosis compared to other kidney diseases, with sensitivity and specificity of >90% 

for the diagnosis of AKI (133), and also in AKI following cardiopulmonary bypass (127). 

However, its pro-inflammatory properties, with an up-regulation in inflammatory diseases, 

may limit its application as a biomarker of AKI. In acute respiratory distress syndrome 

patients, urine IL-18 levels revealed strong association with the development of AKI, and 

also predicted mortality (134). Urine IL-18 was found to be a predictive marker of AKI in 

various settings, including cardiac surgery patients, and intensive and coronary care units 

(135). 
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2. Aims 
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With this research we intended to explore the role of NGAL and cystatin C in 

diagnostic and prognostic assessment of renal injury in acute HF patients. The aims were: 

1. To assess the performance of NGAL and cystatin C in the early detection of type 

1 CRS in patients with acute HF; 

2. To evaluate a possible independent role of NGAL and cystatin C in the short-term 

prognostic stratification in acute HF patients; 

3. To assess the discrimination and predictive value of cystatin C- and creatinine-

based estimated GFR (eGFR) equations, as well as a combined cystatin C- and creatinine-

based eGFR equation, in predicting medium-term prognosis in acute HF patients, and, 

additionally, to determine the possible added value of cystatin C in risk stratification in this 

population, compared to creatinine- based eGFR alone. 
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3. Methods 
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Studies sample 

We enrolled all patients admitted to the Internal Medicine Department of Centro 

Hospitalar de São João because of acute HF between May and November 2009. Patients 

were eligible whether acute HF was de novo or an exacerbation of chronic HF symptoms 

with an increase in at least one New York Heart Association functional class. HF diagnosis 

was based on the European Society of Cardiology criteria (136), and both reduced and 

preserved ejection fraction patients were included. Patients with acute coronary syndromes 

and patients on chronic renal function replacement therapy were excluded. 

 

Studies design and procedures 

Information about vital status was obtained from hospital records and telephone 

contact with the patients or their next of kin. 

All patients performed an echocardiogram within 72 hours of admission. All images 

were obtained using a standard ultrasound equipment (System 6, GE Vingmed, Horten, 

Norway) with a 2.5-MHz probe. Left ventricular ejection fraction was determined using the 

modified Simpson method. Left ventricular systolic function was considered preserved if 

the left ventricular ejection fraction was ≥45%. 

Fasting venous blood samples were collected between 8:00 and 9:00 a.m. on the 

first morning after admission. Creatinine and urea were measured in the emergency 

department, on the first morning after admission, at 48 to 72 hours, on the last 

hospitalization day and additionally as requested by the attending physician. All specimens 

for serum and plasma determinations were centrifuged for 10 minutes at 3000 g within 2 

hours after arrival to the laboratory. All analytical parameters were measured at the 

Clinical Pathology Department. 

The NGAL measurement was made with the Triage NGAL test system using EDTA-

anticoagulated whole blood. This test system is a rapid, point-of-care fluorescence 

detection immunoassay using the Triage meter (Biosite, Quilaban, Lisboa, Portugal). In 

brief, several drops of blood are added to the sample port in the device. After addition of 

the sample, the blood cells are separated from the plasma using a filter contained in the 

test device. The results are displayed in approximately 15 minutes. The manufacturer 

provided the calibration curve. For each of the 24 patient samples in which NGAL was 

determined, one control was performed. The lowest detectable concentration is 60 ng/mL, 

and the test has been demonstrated to be linear from 60 to 1300 ng/mL NGAL (which is 

considered the measurable range). We found a within-run precision of 19.3% for a sample 

with an average of 132 ng/mL. 
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Serum cystatin C was assayed using a particle-enhanced immunonephelometric 

assay (N Latex Cystatin C, Siemens, Lisboa, Portugal) on a BN II laser nephelometer. The 

lower limit of detection is 0.05 mg/L, and the within-run and the run-to-run variation was 

<5%. 

Plasma brain natriuretic peptide was measured using an Architect i2000 automated 

analyzer (Abbott, Lisboa, Portugal). Serum creatinine, urea, and albumin were measured 

using conventional methods with an Olympus AU5400 automated clinical chemistry 

analyzer. (Beckman-Coulter, Izasa, Porto, Portugal). Blood counts were obtained using an 

automated blood counter (Sysmex XE- 5000; Emílio de Azevedo Campos, Porto, Portugal). 

Type 1 cardio-renal syndrome was defined as an increase in the creatinine level of 

at least 0.3 mg/dL or 50% of basal creatinine during hospitalization. Type 1 cardio-renal 

syndrome was further classified as occurring within the first 48 to 72 hours of admission. 

Several methods were used to estimate GFR (mL/min/1.73m2). Four equations used 

serum creatinine: 

- Cockcroft-Gault equation: [(140 - age) x weight in kg]/(72 x creatinine) adjusted 

for sex (x 0.85 if female) and for body surface area (65); 

- Modification of Diet in Renal Disease (MDRD-6) equation: 170 × (creatinine)-0.999 × 

(age)-0.176 × (blood urea nitrogen)-0.170 × (albumin)+0.318 adjusted for sex (x 0.762 if female) 

and race (× 1.180 if black) (66); 

- simplified Modification of Diet in Renal Disease (MDRD-4) equation, re-expressed 

after IDMS-traceable calibration: 175 x (creatinine)-1.154 x (age)-0.203 adjusted for sex (x 

0.742 if female) and race (× 1.212 if black) (68); 

- CKD-EPI creatinine equation (CKD-EPICr): male: 141 x minimum (creatinine/0.9, 

1)-0.411 x maximum (creatinine/0.9, 1)-1.209 x 0.993age; female: 144 x minimum 

(creatinine/0.7, 1)-0.329 x maximum (creatinine/0.7, 1)-1.209 x 0.993age; adjusted for race (× 

1.159 if black) (69). 

Two equations used cystatin C: 

- cystatin C-based equation from Rule et al. (CysCeq): 66.8 x cystatin C-1.30 (137); 

- CKD-EPI cystatin C equation (CKD-EPICysC): 133 x minimum (cystatin C/0.8, 1)-0.499 

x maximum (cystatin C/0.8, 1)-1.328 x 0.996age adjusted for sex (× 0.932 if female) (112). 

One equation used both creatinine and cystatin C: 

- CKD-EPI creatinine-cystatin C equation (CKD-EPICrCysC): 135 × minimum 

(creatinine/κ, 1)α × maximum (creatinine/κ, 1)−0.601 × minimum (cystatin C/0.8, 1)−0.375 × 
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maximum (cystatin C/0.8, 1)−0.711 × 0.995age adjusted for sex (× 0.969 if female) and race (× 

1.08 if black), where κ is 0.7 for females and 0.9 for males, and α is −0.248 for females and 

−0.207 for males (112). 

Chronic kidney disease was considered whenever the eGFR was <60 mL/min/1.73 

m2, and the patients were classified in four groups, according to the eGFR: ≥90 

mL/min/1.73 m2; 60-89 mL/min/1.73 m2; 30-59 mL/min/1.73 m2; <30 mL/min/1.73 m2. 

Patients received standard treatment according to the attending physicians. 

Physicians were blinded to NGAL and cystatin C levels, and the timing of discharge was at 

their discretion. 

 

Outcomes 

The outcome measures used to determine the prognostic importance of serum 

NGAL and cystatin C were the occurrence of death from all causes, and the combined 

endpoint defined as the first occurrence of either death or hospital admission. In this study 

patients were followed for up to 3 months after the first day of hospitalization. 

The endpoint used when comparing the prognostic performance of cystatin C- 

and/or creatinine-based estimated GFR equations was all-cause death, and patients were 

followed for up to six months after discharge. 

 

Statistical Analyses 

Continuous variables were tested for a normal distribution with the Kolmogorov-

Smirnov test. They are presented as mean (standard deviation) if normally distributed or 

median (interquartile range) if skewed. Categorical variables are presented as counts and 

proportions. 

The statistical methods used are described in each study. 

Statistical analyses were performed using SPSS 15.0 (SPSS, Inc., Chicago, IL) in the 

first two studies and Stata version 11.1 for Windows (StataCorp LP, College Station, TX) in 

the last study. p values lower than 0.05 were considered to be statistically significant. 
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Ethics 

The studies protocols conformed the ethical principles outlined in the Declaration 

of Helsinki, the local ethics committee approved the studies and patients provided 

informed consent. 
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4. Papers 
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4.1. Neutrophil Gelatinase-Associated Lipocalin in 

the Diagnosis of Type 1 Cardio-Renal Syndrome in 

the General Ward 
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4.2. Prognostic value of neutrophil gelatinase-

associated lipocalin in acute heart failure 
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4.3. Measuring renal function in acute heart 

failure: a place for old and new equations 
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Renal function impairment is frequent in acute heart failure (HF)
episodes and is one of the most powerful determinants of outcome [1].

Glomerular !ltration rate (GFR) is a widely accepted measure of
renal function, and it may be estimated using several equations. The
most frequently used are based on serum creatinine, although they
are less accurate in over- and underweight patients, and in the extremes
of renal function, since they tend to overestimate lower !ltration rates
and underestimate more elevated !ltration rates [2]. Recent research
has moved the focus towards potentially better and more sensitive
markers of kidney function. Cystatin C has arisen as an interesting
alternative, and cystatin C-based equations estimating GFR have been
developed, and, when compared to creatinine and creatinine-based
equations, provide similarly or evenmore accuratemeasures of GFR [3].

We aimed to assess the discrimination and predictive value of
creatinine- and cystatin C-based estimated GFR (eGFR) equations, as
well as a combined cystatin C- and creatinine-based eGFR equation, in
predicting death in acute HF patients within six months after hospital
discharge. Additionally we intended to determine the added value of
cystatin C in risk strati!cation in this population, compared to
creatinine-based eGFR alone.

We prospectively enrolled patients consecutively admitted with
acute HF, who were discharged alive, excluding those with acute
coronary syndromes or on chronic renal function replacement therapy.
Fasting venous blood sampleswere collected on discharge day.We used
four creatinine-based GFR estimating equations — Cockcroft–Gault,
Modi!cation of Diet in Renal Disease (MDRD-6), IDMS-traceable
simpli!ed MDRD (MDRD-4) and CKD-EPI creatinine (CKD-EPICr) — ,
two cystatin C-based equations — from Rule et al. (CysCeq) [4] and
CKD-EPI cystatin C (CKD-EPICysC) [3]— and an equation using both cre-
atinine and cystatin C— CKD-EPI creatinine-cystatin C (CKD-EPICrCysC)
[3]. The endpoint was 6-month all-cause death.

We used Kaplan–Meier to estimate the risk of 6-month all-cause
death, according to the classes of eGFR for each equation, and Cox
regression to quantify the association between eGFR categories and
death. Net reclassi!cation improvement (NRI) assessed the incremental
value for predicting death when adding a cystatin C-based to a
creatinine-based equation to classify GFR. Statistical analyses were
performed using Stata 11.1 for Windows (StataCorp LP, College
Station, TX).

The study protocol conforms to the ethical principles outlined in the
Declaration of Helsinki, the local ethics committee approved the study,
and informed consent was obtained.

Of the 478 patients included in the analysis 47%weremen, themean
age was 75.6 years, and 41.9% had preserved ejection fraction. Mean
serum creatinine and serum cystatin C at hospital discharge were
1.53 mg/dL and 1.64 mg/L, respectively. Ninety patients (18.8%) died
during follow-up.

The distribution of patients across eGFR groups, according to the
equations, is presented in Table 1. Using Spearman's correlation and
Kappa coef!cient, we found that the estimates from creatinine-based
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equations were moderately correlated with each other and with
estimates from cystatin C-based equations. The two equations using
cystatin C were strongly correlated with each other and with the
combined equation (data not shown).

The risk of death increased progressively across categories of eGFR
for all equations (Table 1). Among the creatinine-based equations,
Cockcroft–Gault provided the largest increase in risk of death. Cystatin
C-based equations performed similarly, with a strong increase in risk
across categories of eGFR. The combined equation yielded the largest
increase in the predicted risk of death.

Given that cystatin C is less readily available, we assessed the added
value by subgroups of Cockcroft–Gault eGFR. Whereas for eGFR b 30
or !60 mL/min/1.73 m2 according to Cockcroft–Gault, cystatin C
or cystatin C-based eGFR did not discriminate prognosis further,
patients who had Cockcroft–Gault eGFR 30–59 mL/min/1.73 m2 were
reclassi!ed by CKD-EPICysC equation into three subgroups of patients
with different outcomes (Fig. 1). The incremental prognostic predictive
ability of a cystatin C-based equation was further analysed by measur-
ing the NRI, compared to Cockcroft–Gault alone. The addition of CKD-
EPICysC in this group of patients showed a signi!cant improvement
in risk prediction for 6-month all-cause mortality over Cockcroft–
Gault: NRI = 46% (95% con!dence interval: 23 to 69, p b 0.001). CysCeq
yielded a NRI = 48% (95% con!dence interval: 25 to 71, p b 0.001).
The addition of the combined equation did not show a signi!cant
improvement in risk prediction ability.

The prognostic value of eGFR calculated by different equations in HF
patients has been previously assessed, with !ndings of superior
accuracy of CKD-EPICr over MDRD-4 [5]. These equations have also
been compared with Cockcroft–Gault in chronic HF [6], and the latter
revealed to be the best estimator of renal function for the prediction of
long-term mortality, the same as in our work.

When compared to creatinine and creatinine-based eGFR equations,
cystatin C is a similarly good marker of prognosis strati!cation in HF

patients, particularly in those with moderate renal dysfunction [7]. A
better prognostic value of cystatin C-based over creatinine-based
equations has been observed in diverse populations. In a recent meta-
analysis of 11 general population studies and 5 cohorts with chronic
kidney disease, the use of eGFR based on cystatin C alone or in combina-
tion with creatinine, strengthened the association between the eGFR
and the risks of death and end-stage renal disease [8]. In chronic HF,
cystatin C-based also showed superior prognostic accuracy over
creatinine-only based equations, particularly in patients with moderate
renal dysfunction [9]. The utility of these equations in prognosis

Table 1
Distribution of patients across GFR groups, and crude association and predictive value of classes of GFR, estimated according to different equations, for all-cause death within six months.

eGFR (mL/min/1.73 m2)

!90 60–89 30–59 b30 p for trend

Cockcroft–Gault n (%) 18 (3.8) 66 (13.8) 255 (53.4) 139 (29.1) b0.001
6 m (%) 6.7 6.2 17.5 29.8
HR (95% CI) 1 1.13 (0.13–10.09) 3.41 (0.47–24.74) 6.24 (0.86–45.39)

MDRD-4 n (%) 16 (3.4) 85 (17.8) 281 (58.8) 96 (20.1) 0.057
6 m (%) 6.7 19.0 16.9 27.5
HR (95% CI) 1 3.37 (0.45–25.39) 2.96 (0.41–21.48) 4.94 (0.67–36.41)

MDRD-6 n (%) 27 (5.7) 126 (26.5) 242 (50.8) 81 (17.0) 0.001
6 m (%) 11.6 12.8 18.9 32.4
HR (95% CI) 1 1.21 (0.35–4.15) 1.83 (0.57–5.89) 3.36 (1.02–11.11)

CKD-EPICr n (%) 17 (3.6) 59 (12.3) 230 (48.1) 172 (36.0) 0.012
6 m (%) 6.3 15.3 16.3 25.3
HR (95% CI) 1 2.82 (0.36–22.28) 3.03 (0.42–22.09) 4.84 (0.67–35.14)

CysCeq n (%) 21 (4.4) 92 (19.3) 231 (48.3) 134 (28.0)
6 m (%) 0 10.2 16.3 33.0
HR (95% CI) 1 2.14 (1.03–4.44) 4.80 (2.34–9.83) b0.001

CKD-EPICysC n (%) 39 (8.2) 88 (18.4) 220 (46.0) 131 (27.4) b0.001
6 m (%) 7.8 10.5 16.2 33.0
HR (95% CI) 1 1.39 (0.38–5.14) 2.24 (0.69–7.28) 5.09 (1.58–16.42)

CKD-EPICrCysC n (%) 27 (5.7) 91 (19.0) 245 (51.3) 115 (24.1) b0.001
6 m (%) 4.0 13.4 17.8 29.8
HR (95% CI) 1 3.85 (0.50–29.62) 5.32 (0.73–38.62) 9.47 (1.30–69.18)

eGFR = estimated glomerular !ltration rate.
Cockcroft–Gault = Cockcroft–Gault equation.
MDRD-4 = simpli!ed Modi!cation of Diet in Renal Disease equation.
MDRD-6 = Modi!cation of Diet in Renal Disease equation.
CKD-EPICr = Chronic Kidney Disease Epidemiology Collaboration creatinine equation.
CysCeq = cystatin C-based equation from Rule et al.
CKD-EPICysC = Chronic Kidney Disease Epidemiology Collaboration cystatin C equation.
CKD-EPICrCysC = Chronic Kidney Disease Epidemiology Collaboration creatinine-cystatin C equation.
6 m = 6-month risk of all-cause death.
HR = Crude Hazard Ratio.
95% CI = 95% con!dence interval.

Fig. 1.Risk prediction for all-cause deathwithin sixmonths, based on the additive value of
Cockcroft–Gault and CKD-EPICysC estimates of glomerular !ltration rate.
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strati!cation of acuteHF patients only recently has been addressed [10],
and CKD-EPICysC and CKD-EPICrCysC were both superior to MDRD-4
for predicting long-term mortality and/or HF hospitalisation. However,
contrarily to our !ndings, the better prognostic power of cystatin
C-based equations was seen in patients with eGFR ! 60 mL/min/
1.73 m2. These apparently con"icting results may be related to the fact
that the creatinine-based equation used was MDRD-4, an equation
that has better performance in patients with lower !ltration rates.

Creatinine-based estimates of GFRwill continue to be used in clinical
practice, particularly given its low cost and universal availability.
Nevertheless, we demonstrated that cystatin C-based estimation of
GFR can re!ne the prognostic exercise of clinicians in acute HF patients
with moderate renal dysfunction at hospital discharge.

Con!icts of interest

The authors report no relationships that could be construed as a
con"ict of interest.
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5. Discussion 
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In our acute HF population, we observed that NGAL anticipated worsening renal 

function during the acute HF episode, an observation that can be the genesis to the 

development of management strategies aimed to reduce the occurrence of this event 

associated with adverse outcomes. Furthermore, we observed that NGAL levels at ward 

admission were independently associated with short-term adverse outcomes. These results, 

showing the significance of renal damage in acute HF, preliminarily raise the hypothesis 

that NGAL could be a surrogate target to intervention. Additionally, we observed in our 

elderly population, representative of daily clinical practice, that renal function is a major 

factor affecting outcomes in acute HF. Creatinine-based equations for renal function 

measurement can predict outcome, although in patients with moderate renal dysfunction 

cystatin C-based equations can add prognostic value. 

 

Serum NGAL and cystatin C as biomarkers of diagnosis of renal dysfunction and 

damage 

 

In the first study we evaluated the role of serum NGAL and cystatin C, measured on 

the first hospitalization morning, intending to early identify type 1 CRS. We evaluated 119 

prospectively recruited acute HF patients. We defined AKI as the occurrence of a 48 to 72 

hours elevation of serum creatinine ≥0.3 mg/dL or >50% from admission levels, according to 

the AKIN consensus (43). Type 1 CRS occurred in 14 (11.8%) patients in the first 48 to 72 

hours and in 21 (17.6%) patients anytime during hospitalisation. 

Our results strongly suggest that NGAL can be an ancillary tool in the early 

recognition of acute HF patients that will develop type 1 CRS. The area under the curve 

(AUC) of NGAL was 0.93, and a single NGAL measurement could identify all patients 

developing type 1 CRS within 48 to 72 hours with a 50% false positive rate. No patient with 

<170 ng/mL first-morning NGAL developed type 1 CRS, and half of the patients with a first-

morning value >170 ng/mL developed type 1 CRS. 

Aghel et al. have observed similar results in a population of 91 acute HF patients. In 

this study, admission serum NGAL levels >140 ng/mL predicted the development of 

worsening renal function, with a sensitivity of 86% and a specificity of 54%. These results 

were worse than those observed in our study, in which the sensitivity was 100% and the 

specificity 86.7%. This may be explained by the fact that, contrarily to our study, in which 

we restricted type 1 CRS to the first 48 to 72 hours of admission, worsening renal function 

was evaluated from the fifth hospitalization day onward, a period in which renal 

deterioration could be associated with a wider range of AKI triggers, not anticipated by 

admission NGAL (100). 
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The performance of NGAL in predicting AKI has varied across studies, probably due 

to different operational definitions of AKI (86, 138, 139). NGAL has shown to be an early 

marker of AKI in several clinical scenarios. In an heterogeneous population of patients, the 

measurement of urinary NGAL levels in the emergency department distinguished AKI from 

other types of kidney dysfunction, and allowed an early diagnosis of AKI, with an AUC of 

0.9, and 90% sensitivity and 99% specificity for the best NGAL cut-off (>130 ng/mL) (140). In 

a pediatric population with systemic inflammatory response or septic shock, serum NGAL 

has been found to be highly sensitive (89%) but nonspecific (39%) for the early detection of 

AKI (98). In our population, half of the patients with NGAL levels >170 ng/mL did not 

develop type 1 CRS as detected by plasma creatinine. These patients with high NGAL levels 

but not developing AKI might have had mild kidney stress, with kidney damage but not 

kidney dysfunction, and so they have been unable to increase plasma creatinine levels, 

corresponding to a subgroup of patients with subclinical AKI, which has been associated 

with poor outcome in chronic HF patients, as suggested by other authors (103, 105). 

Alternatively, such NGAL increases may represent systemic inflammation, with granulocyte 

degranulation, a known source of NGAL, and not be related to kidney injury itself. In fact, 

in our population, serum NGAL correlated with granulocytes, supporting a contribution of 

neutrophils to circulating NGAL levels (82, 141). An alternative or additive explanation to 

this observation can be based on the observed increase in gene expression of NGAL in 

innate immune responses leading to myocardial remodeling, as suggested in experimental 

models of HF (141). 

McIlroy et al. suggested that NGAL performance in AKI prediction could be 

dependent on baseline renal function, since, in their population of 426 patients undergoing 

cardiopulmonary surgery, NGAL only performed well in those with an estimated GFR >60 

mL/min/1.73m2 (142). In our population we did not address this issue due to small sample 

size. Although, we observed the prediction of type 1 CRS by serum NGAL in all acute HF 

population, which included patients within all ranges of renal function. 

Studies including NGAL and cystatin C have suggested that NGAL had a better 

performance in identifying AKI than cystatin C (128, 143), particularly if baseline eGFR was 

<60 mL/min/1.73m2 (143). In our patients, although those developing type 1 CRS had higher 

levels of NGAL and cystatin C than those patients not developing CRS, the performance of 

cystatin C was weak and non satisfactory, as expressed by an AUC of 0.68. This observation 

is probably related to the fact that whereas cystatin C is a functional marker, NGAL is a 

damage marker, and is therefore ideal for detecting AKI. 

The ability to recognise patients with type 1 CRS is probably the first step to the 

possible development of clinical strategies aimed at improving our current treatment 

approaches and the outcomes of the acute HF population. The mechanisms leading to type 

1 CRS are not completely understood, but, as reported by Mullens et al., venous congestion 
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seems to be the most important haemodynamic factor leading to renal function 

deterioration (29). In this investigation, as in our study, blood pressure levels were not 

different among patients who did and did not develop renal function deterioration. Our 

results give insight into a more intensive approach toward lowering venous pressure that 

could be a possible strategy to prevent type 1 CRS in patients with high NGAL levels, and 

the use of high doses of diuretics in these patients could reduce venous pressure and 

consequently improve renal perfusion and ultimately grant renal protection. However, 

clinical investigation exploring this issue is still needed. 

  

Serum NGAL and cystatin C as biomarkers of prognosis 

 

In the second study we evaluated the role of serum NGAL and cystatin C, measured 

on the first hospitalization morning on 121 prospectively recruited acute HF patients, on 

short-term prognosis, measured by the occurrence of death from all causes and a combined 

endpoint defined as the first occurrence of either death or hospital admission. Patients 

were followed for up to 3 months. 

In our study 27 (22.5%) patients died at 90 days and 53 (44.2%) met the combined 

endpoint of death or hospital admission. Our results show that serum NGAL is a strong 

predictor of worse short-term prognosis, and levels above 167.5 ng/mL predicted an almost 

3-fold increase in morbidity and mortality within 3 months after hospitalisation for acute 

HF, specifically a 2.7-fold increase in the risk of death and a 2.9-fold increase in the risk of 

the first occurrence of either death or hospitalization. This predictive power was 

independent of other variables also associated with the outcome, namely indexes of 

baseline renal function. In our population, although renal function, as measured by MDRD-6 

and cystatin C, showed prognostic value in an univariate approach, in the multivariate 

model built, only NGAL independently predicted worse outcome, suggesting a prognostic 

role of renal damage, besides that of renal function and independent of it, upon the 

beginning of acute HF episodes. 

The prognostic value of worsening renal function in acute HF has been consistently 

shown, either assessing renal function by serum creatinine, estimated GFR or cystatin C 

(18, 20, 21, 46-56). In our study, the development of type 1 CRS, as assessed by serum 

creatinine, was associated, in the univariate analysis, with a higher occurrence of the 

combined endpoint of first occurrence of death or hospitalization, but did not reach 

statistical significance in the prediction of death. In the two endpoints, its prognostic 

significance was lost in the multivariate model. 
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NGAL has been shown to be a biomarker of tubular damage in patients with acute 

and chronic injury, in different stages and settings (83, 85-92, 101, 102), and its levels rise 

in urine and serum as early as from 2 hours onwards after an acute insult to the kidneys 

(85-89). The prognostic role of NGAL has been addressed in two previous reports in the 

chronic HF population. In one report, urinary KIM-1, NAG and NGAL levels were 

substantially increased, suggesting an important role for tubular damage in cardio-renal 

interaction in HF, but in opposition to the other markers, NGAL showed no prognostic 

information additional to GFR (104). These results differ from a previous observation 

suggesting that higher serum NGAL levels are related with poorer 2-year survival in another 

chronic HF population (105). In the acute HF setting, the prognostic impact of NGAL had 

never been addressed before. 

Our results do not clarify if the increase in NGAL results from AKI or if it is 

associated with tubulo-interstitial chronic injury, as suggested by the observed increase in 

urinary NGAL in chronic HF patients (105). Nevertheless, this study was able to test our 

hypothesis and to detect an independent association of increased NGAL levels with worse 

outcomes in acute HF patients, suggesting a role of renal damage, apart from renal 

dysfunction, in the prognosis of patients with a failing heart. Our results can lead to further 

investigation in order to evaluate the potential role of NGAL in risk stratification of acute 

HF patients. 

 

Cystatin C-based eGFR as a risk stratification tool 

 

In the third study we compared the performance of cystatin C- and creatinine-

based estimated GFR equations, as well as a combined cystatin C- and creatinine-based 

eGFR equation, measured at discharge, in predicting medium-term prognosis, assessed by 

6-month death, in 478 prospectively recruited acute HF patients. Additionally we aimed to 

determine the role of adding cystatin C to a prognostic model in this population. 

We used four creatinine-based equations (Cockcroft-Gault, MDRD-6, MDRD-4 and 

CKD-EPICr equations), two cystatin C-based equations [cystatin C-based equation from Rule 

et al. (CysCeq) and CKD-EPICysC] and one equation using both creatinine and cystatin C 

(CKD-EPICrCysC). 

In our study, 90 (18.8%) patients died over the 6-month period. We found a strong 

association between renal dysfunction and medium-term prognosis, with the risk of 6-

month death increasing progressively across categories of eGFR for all estimating 

equations. 
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In patients with normal renal function or with severe renal dysfunction, creatinine-

based methods for estimating GFR, particularly the Cockcroft-Gault equation, were 

accurate predictors of prognosis. However, in patients with eGFR 30-59 mL/min/1.73 m2 

according to the Cockcroft-Gault equation, who had a 6-month risk of death of 17.5%, the 

combination of a creatinine-based and a cystatin C-based estimates of GFR augmented the 

discrimination. In these patients, the CKD-EPICysC equation could redefine subgroups of 

patients with different outcomes, with those with a redefined eGFR <30 mL/min/1.73 m2 

having a significantly worse prognosis, expressed by a 6-month risk of death of 31.4%. In 

this group of patients, the Net Reclassification Improvement (NRI) values indicated an 

expressive improvement in risk classification (46%) after addition of the CKD-EPICysC 

equation to the Cockcroft-Gault equation, observed both in HF with reduced and preserved 

ejection fraction, yet more considerable in the latter. 

The value of eGFR calculated by different creatinine-based equations for predicting 

the risk of death has been assessed in diverse populations and the CKD-EPICr equation 

revealed superior accuracy in comparison to the MDRD-4 equation (70-72). These findings 

were reproduced in the HF population in a study that used [125I]iothalamate clearance as 

reference (73). However, the Cockcroft-Gault has surpassed those two equations, revealing 

to be a best instrument of estimating renal function for the prediction of long-term 

mortality in chronic HF patients (75), similarly to what has been observed in other 

populations, namely in acute myocardial infarction (76). This better predictive value of the 

Cockcroft-Gault equation over other creatinine-based equations was also observed in our 

work. The reason for this is not completely understood, but the inclusion of weight in the 

equation can eventually contribute to its better discriminative value (77). 

When compared to creatinine and creatinine-based equations, cystatin C and 

cystatin C-based equations seem to be similarly good prognostic markers. These findings 

were observed in different populations, such as acute myocardial infarction patients (118), 

kidney transplant recipients (119) and in the general population (120, 121). Cystatin C-

based eGFR revealed a strong association with prognosis, and adding cystatin C-based eGFR 

to patients with a creatinine-based eGFR <60 mL/min/1.73m2 improved risk classification 

for all outcomes (120). 

Serum cystatin C also revealed strong prognostic power in HF patients, particularly 

in those with moderate renal dysfunction, in chronic (117) as well as in acute HF 

populations (55). Similarly, cystatin C-based equations revealed superior prognostic 

accuracy when compared to creatinine-based equations, but the results diverge according 

to the HF population evaluated. In chronic HF patients, the prognostic power of cystatin C–

based equations was stronger in those with moderate renal dysfunction (eGFR 45-74 

mL/min/1.73m2) (122). However, in acute HF patients, cystatin C-based equations were 

superior to the creatinine-based equation in predicting long-term mortality and HF 
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hospitalization, but the better prognostic power was seen in patients with eGFR ≥60 

mL/min/1.73 m2 (123). These results are in apparent conflict with our observation, and this 

can be related to the fact that the creatinine-based equation used to estimate GFR was 

MDRD-4, whilst in our study we used the Cockcroft-Gault, since it is known that the MDRD-4 

equation has better performance in patients with lower filtration rates (70). 

 

Limitations 

Limitations of our studies include the relatively small samples size and their single-

centered nature. The reproduction of these findings in other centers or by multi-center 

studies would argue for their validity. 

Our samples included old and very old patients and HF patients with preserved 

systolic function, thus representing real-world decompensated HF patients in medical 

wards. Since only patients first admitted to medical wards were included, the most severe 

patients admitted to intensive care units were missed. 

In the third study the fact that we did not measure GFR directly may be a 

limitation. Also, as patients were treated according to each attendant physician decisions, 

the discharge weight may not mirror an equivalent volemia status between patients, so 

possibly overestimating the GFR. 

The observational designs of the prognostic studies precluded the evaluation of the 

possible prognostic implications of clinical management changes based on admission NGAL 

or cystatin C levels. 
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The ability to recognise patients with type 1 CRS is the first step to develop 

strategies to improve our current treatment approaches and the outcomes of this very high-

risk population. Credible risk stratification requires standardised and accurate methods to 

assess renal damage and function. 

In real world elderly acute HF patients, serum NGAL can help clinicians in the early 

identification of patients developing very short-term renal deterioration, since it is an 

independent predictor of type 1 CRS development. Per each 10-mg/L increase in NGAL 

levels, there was a 31% higher risk of renal dysfunction. 

Additionally, serum NGAL independently predicts worse short-term prognosis in 

patients with acute HF, with levels above 167.5 ng/mL forecasting an almost 3-fold 

increase in morbidity and mortality within three months. These results suggest a role of 

renal damage, apart from renal dysfunction, in the interaction between heart and kidney 

and in the prognosis of patients with a failing heart. Algorithms for risk stratification of 

acute HF patients would probably be enriched if renal damage measurements, namely 

NGAL, were included. 

Renal dysfunction is strongly associated with medium-term mortality in the acute 

HF setting, and cystatin C-based estimation of GFR proved to be useful to reclassify 

patients into more meaningful risk categories than those provided by creatinine-based 

estimates of GFR alone, thus refining the prognostic exercise of clinicians in acute HF 

patients with moderate renal dysfunction at hospital discharge. Our results suggest a risk 

classification system that benefits from the added value of cystatin C while avoiding the 

need to measure it in all patients, given the low cost and universal availability of serum 

creatinine. 
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Acute heart failure (HF) is a leading cause of hospitalization, particularly in elderly 

people, and has an unacceptably dismal prognosis. The occurrence of acute kidney injury in 

the setting of a HF decompensation [type 1 cardio-renal syndrome (CRS)] has been 

suggested to be one of the most powerful determinants of outcome, and its recognition is 

essential to develop strategies aimed at improving our current treatment options and the 

outcomes of this population. Glomerular filtration rate (GFR) is the most useful index of 

kidney function, and changes in serum creatinine have generally been used clinically as 

surrogates for changes in GFR. Creatinine levels are influenced by several factors, and have 

low sensitivity to detect small decreases in GFR and a long delay period in achieving steady 

state. These characteristics make it an unreliable measure for accurate and timely 

diagnosis of kidney damage, and even for kidney dysfunction. Recent research has moved 

the focus towards potentially better and more sensitive biomarkers of kidney damage and 

function. Neutrophil gelatinase-associated lipocalin (NGAL) and cystatin C are two 

promising renal biomarkers. 

NGAL is an early marker of renal tubular damage that predicts the development of 

acute kidney injury in several settings, including acute HF. NGAL also revealed to have a 

prognostic role, but this has not been addressed in the HF population. Cystatin C is mainly a 

marker of renal function, but more sensitive and earlier than serum creatinine, and several 

cystatin C-based equations estimating GFR have been proposed. In comparison to serum 

creatinine and creatinine-based GFR estimating equations, serum cystatin C and cystatin C-

based equations are similarly good markers of prognosis stratification in HF populations. 

We aimed to explore the role of NGAL and cystatin C in diagnostic and prognostic 

assessment of acute renal injury in acute HF patients, addressing their performance in the 

early detection of type 1 CRS and their role in the short-term prognostic stratification in 

these patients. We also assessed the discrimination and predictive value of cystatin C- and 

creatinine-based GFR estimating equations, as well as a combined cystatin C- and 

creatinine-based eGFR equation, in predicting medium-term prognosis in acute HF patients, 

and, additionally, determined the possible added value of cystatin C in risk stratification in 

this population, compared to creatinine-based estimated GFR alone. 

In our real world elderly acute HF population, a single NGAL measurement, at the 

first hospitalization morning, could identify all patients developing type 1 CRS within 48 to 

72 hours with a 50% false positive rate and an area under the curve 0.93. No patient with 

<170 ng/mL first-morning NGAL developed type 1 CRS, and half of the patients with a first-

morning value >170 ng/mL developed type 1 CRS. We concluded that serum NGAL 

anticipated the development of type 1 CRS, and therefore can help clinicians in the early 

recognition of patients developing very short-term renal deterioration. Serum NGAL levels 

at hospital admission were independently associated with short-term adverse outcomes, 

with levels above 167.5 ng/mL predicting a 2.7-fold increase in the risk of death from all 
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causes and a 2.9-fold increase in the risk of the first occurrence of either death or 

hospitalization. These results suggest a prognostic role of renal damage, besides that of 

renal function, upon the beginning of acute HF episodes. Additionally, we observed that 

renal function, measured at hospital discharge, is a major factor affecting medium-term 

adverse outcomes in acute HF, with the risk of 6-month death increasing progressively 

across categories of estimated GFR for all estimating equations used. In patients with 

normal renal function or with severe renal dysfunction, creatinine-based methods for 

estimating GFR, particularly the Cockcroft-Gault equation, were accurate predictors of 

prognosis. However, in patients with estimated GFR 30-59 mL/min/1.73 m2 according to the 

Cockcroft-Gault equation, who had a 6-month risk of death of 17.5%, the combination of a 

creatinine-based and a cystatin C-based estimates of GFR augmented the discrimination. In 

these patients, the Chronic Kidney Disease Epidemiology Collaboration cystatin C equation 

(CKD-EPICysC) could redefine subgroups of patients with different outcomes, with those 

with a redefined estimated GFR <30 mL/min/1.73 m2 having a significantly worse prognosis, 

expressed by a 6-month risk of death of 31.4%. In this group of patients, the Net 

Reclassification Improvement (NRI) values indicated an expressive improvement in risk 

classification (46%) after addition of the CKD-EPICysC equation to the Cockcroft-Gault 

equation. In conclusion, in patients with moderate renal dysfunction, cystatin C-based 

estimation of GFR proved to add prognostic value to creatinine-based estimates of GFR 

alone, thus refining the prognostic exercise of clinicians. 
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8. Resumo 
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A insuficiência cardíaca (IC) aguda é uma das principais causas de hospitalização, 

sobretudo na população idosa, e acarreta um prognóstico inaceitavelmente reservado. A 

instalação de lesão renal aguda aquando da descompensação da IC [síndrome cardio-renal 

(SCR) tipo 1] tem sido sugerida como sendo um dos principais determinantes do 

prognóstico, e o seu reconhecimento é essencial para o desenvolvimento de estratégias 

com o objectivo de optimização terapêutica e melhoria do prognóstico desta população. A 

taxa de filtração glomerular (TFG) é o indicador mais útil para avaliação da função renal, e 

a variação dos valores séricos de creatinina tem sido a ferramenta usada na prática clínica 

como representativa das alterações da TFG. Os valores séricos de creatinina são 

influenciados por diversos factores, têm baixa sensibilidade para a detecção de pequenos 

decréscimos da TFG e demoram algum tempo a atingir um nível estável. Estas 

características levam a que seja uma medida pouco fiável para o diagnóstico exacto e 

atempado de lesão renal, e até mesmo de disfunção renal. A investigação tem centrado 

ultimamente a sua atenção em novos biomarcadores potencialmente melhores e mais 

sensíveis de lesão e disfunção renal. A lipocalina associada à gelatinase dos neutrófilos 

(NGAL) e a cistatina C são dois biomarcadores renais que se têm revelado promissores. 

A NGAL é um marcador precoce de lesão tubular renal que prediz o 

desenvolvimento de lesão renal aguda em variadas circunstâncias, incluindo a IC aguda. A 

NGAL também revelou ter um papel prognóstico, mas este aspecto não foi avaliado na 

população com IC. A cistatina C é fundamentalmente um marcador de função renal, mas 

mais precoce e sensível do que a creatinina sérica, e têm sido propostas várias equações 

para estimar a TFG com base na cistatina C. Quando comparadas com a creatinina sérica e 

com as equações para estimar a TFG baseadas na creatinina, a cistatina C e as equações 

nela baseadas, têm revelado igual capacidade de estratificação prognóstica na população 

com IC. 

Tivemos como objectivo explorar o papel da NGAL e da cistatina C no diagnóstico e 

prognóstico da lesão renal aguda em doentes com IC aguda, avaliando o seu desempenho na 

detecção precoce de SCR tipo 1 e o seu papel na estratificação prognóstica a curto prazo 

nestes doentes. Avaliámos ainda o valor discriminativo e preditivo de equações para 

estimar a TFG com base na creatinina ou na cistatina C, bem como de equações 

combinando ambos os marcadores, na predição do prognóstico a médio prazo em doentes 

com IC aguda, e, adicionalmente, determinámos a possibilidade de a cistatina C ter um 

valor acrescido na estratificação prognóstica nesta população, em comparação com a 

utilização apenas de equações baseadas na creatinina sérica. 

Na nossa população de doentes idosos hospitalizados por IC aguda, que reflecte a 

população habitualmente internada com este diagnóstico, um único doseamento de NGAL, 

realizado na primeira manhã de hospitalização, pôde identificar todos os doentes que 

vieram a desenvolver SCR tipo 1 em 48 a 72 horas com uma taxa de falsos positivos de 50% 
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e uma área abaixo da curva de 0.93. Nenhum doente com NGAL <170 ng/mL na primeira 

manhã veio a desenvolver SCR tipo 1, e metade dos doentes com um valor >170 ng/mL na 

primeira manhã vieram a apresentar SCR tipo 1. Concluímos, assim, que o doseamento 

sérico de NGAL antecipou o desenvolvimento de SCR tipo 1, e portanto, pode auxiliar os 

clínicos no reconhecimento precoce dos doentes que desenvolverão deterioração renal a 

muito curto prazo. Os níveis séricos de NGAL à admissão hospitalar associaram-se de forma 

independente ao prognóstico a curto prazo, com valores acima de 167.5 ng/mL predizendo 

um aumento em 2.7 vezes do risco de morte por qualquer causa aos seis meses e em 2.9 

vezes do risco de ocorrência de morte ou hospitalização. Estes resultados sugerem um 

papel da lesão renal, para além do papel já conhecido da função renal, na estratificação 

prognóstica na IC aguda. Adicionalmente, pudemos observar que a função renal, medida à 

data da alta hospitalar, é um factor determinante do prognóstico a médio prazo da IC 

aguda, com um risco de morte aos seis meses aumentando progressivamente através das 

classes de TFG estimada, para todas as equações utilizadas. Em doentes com função renal 

normal ou com disfunção renal grave, os métodos para estimar a TFG baseados na 

creatinina, particularmente a equação de Cockcroft-Gault, revelaram ser preditores 

exactos de prognóstico. No entanto, em doentes com TFG estimada pela equação de 

Cockcroft-Gault de 30-59 mL/min/1.73 m2, que apresentavam um risco de morte aos seis 

meses de 17.5%, a combinação de uma equação para estimar a TFG com base na creatinina 

com uma equação com base na cistatina C aumentou o poder discriminativo. Nestes 

doentes, a equação com base na cistatina C da Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPICysC) permitiu redefinir subgrupos de doentes com diferentes 

prognósticos, com os doentes que apresentavam uma TFG re-estimada de <30 mL/min/1.73 

m2 apresentando um prognóstico significativamente pior, expresso por um risco de morte 

aos seis meses de 31.4%. Neste grupo de doentes, os valores de Net Reclassification 

Improvement (NRI) revelam uma melhoria notável na estratificação de risco (46%) após a 

associação da equação CKD-EPICysC à equação de Cockcroft-Gault. Em conclusão, em 

doentes com disfunção renal moderada, a estimativa da TFG com base na cistatina C 

provou ter valor prognóstico adicional quando acrescida a uma estimativa baseada na 

creatinina, permitindo aos clínicos um aperfeiçoamento da acuidade prognóstica. 
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