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Worsening renal function (WRF), commonly observed during the treatment of patients with 

acute decompensated heart failure (ADHF), is associated with increased mortality, recurrent 

heart failure (HF) hospitalizations and frequently limits the institution and up-titration of 

clinically indicated neurohormonal and diuretic therapy (1). Unfortunately, early 

identification and intervention in patients at risk for a decline in kidney function has proved 

challenging, in part because the diagnosis usually relies on serum creatinine. Although in 

general, creatinine is a marginally satisfactory biomarker of renal function, it is a notably 

poor biomarker of acute changes in renal function. This is largely because it takes days after 

a change in renal function before creatinine fully re-equilibrates. As such, the therapeutic 

opportunity to intervene and prevent kidney injury has often come and gone by the time we 

see the creatinine rise (2).

These limitations of serum creatinine as an indicator of early renal injury motivated our 

nephrology colleagues to develop novel biomarkers of acute kidney injury (AKI), which can 

identify kidney damage hours to days before the rise in serum creatinine. In the pursuit of a 

“kidney troponin,” 1 of the first and most extensively studied AKI biomarkers to emerge was 

neutrophil gelatinase–associated lipocalin (NGAL), a 25-kDa protein involved in iron 

transport (3). In response to AKI, renal tubular production of NGAL substantially increases, 

contributing to high levels of NGAL detectable in the urine of animals and humans with 

acute tubular necrosis (4). It was logical to hope that these findings would translate to WRF 

in patients with HF. To that end, several smaller studies of plasma NGAL in patients with 

ADHF reported a strong relationship between elevated NGAL and an increased risk for 

WRF, repeat HF hospitalization, and all-cause mortality (5–7). In light of these encouraging 

results, the next step was to investigate the ability of NGAL to identify WRF in an 

appropriately powered multicenter prospective study of hospitalized patients with ADHF.
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In this issue of the Journal, Maisel et al. (8) did just that in AKINESIS (Acute Kidney Injury 

N-gal Evaluation of Symptomatic Heart Failure Study). Between 2011 and 2013, the 

investigators conducted a prospective study of 927 subjects across multiple hospitals in the 

United States and Europe. Subjects admitted with 1 or more signs and symptoms of HF who 

were either receiving or about to receive treatment with intravenous diuretic agents were 

included. The investigators queried plasma NGAL at multiple time points, including 

enrollment, and examined the predictive ability for a variety of creatinine-based WRF 

definitions, the primary of which was an increase in creatinine of 0.5 mg/dl or ≥50% above 

baseline or dialysis. For the primary WRF outcome, both first NGAL (area under the curve 

= 0.656) and peak NGAL (area under the curve = 0.647) were not statistically better than 

first creatinine (area under the curve = 0.652). Furthermore, plasma NGAL had little 

superiority over creatinine to predict a composite outcome including events such as inotrope 

use, renal replacement therapy, and death.

Although the plasma NGAL data from AKINESIS are disappointing, they are not entirely 

surprising. NGAL is produced by many different tissues aside from the kidney, including 

neutrophils, lung, stomach, colon, and heart (3). Because of its small size, NGAL is freely 

filtered by the glomerulus but almost completely reabsorbed in the proximal tubule. As a 

result, in the absence of AKI, plasma NGAL is strongly correlated with serum creatinine, 

but very little is present in the urine (4). During AKI, factors such as increased local distal 

nephron production of NGAL and decreased proximal tubular reabsorption of filtered 

NGAL result in a substantial increase in urine NGAL levels (4). Not surprisingly, urine 

NGAL has proved to be a relatively specific and sensitive measure of renal tubular injury, as 

it largely reflects local pathophysiologic events (9). However, plasma NGAL levels are 

driven not only by renal NGAL production but also by systemic nonrenal production and 

renal clearance of circulating NGAL (4). Put another way, 1 of the major reasons plasma 

NGAL levels rise in the setting of WRF is the fact that WRF has already occurred. Thus it is 

not unexpected that a marker that is more or less providing the same biological information 

as serum creatinine fails to outperform serum creatinine in predicting WRF.

Although AKINESIS has definitively taught us that plasma NGAL is not the biomarker to 

forecast increases in creatinine in ADHF, the more pressing question is what we would do 

with such a biomarker if we actually found it. We raise this question in light of the 

accumulating published research illustrating that not all “bumps” in creatinine are 

prognostically or mechanistically equivalent. For example, WRF that develops as a result of 

institution of renin-angiotensin-aldosterone system blockade, blood pressure reduction, or 

aggressive decongestion or hemoconcentration is of limited prognostic significance (10–12). 

Notably, in a secondary analysis of the DOSE (Diuretic Optimization Strategies Evaluation) 

trial, in which patients were randomized to a high or higher intensity diuretic strategy, it was 

observed that the rate of death and rehospitalization actually improved as creatinine 

worsened (13). Of course, we are not implying that WRF is good for patients, but this 

accumulating body of research does suggest that the benefit of effective HF therapy may 

supersede the risk for treatment-associated WRF. This is relevant to the current discussion 

because if a perfect biomarker that could forecast all “bumps” in creatinine were available, it 

could lead to premature de-escalation or withholding of potentially lifesaving HF therapy, 

such as renin-angiotensin-aldosterone system antagonists, for fear of precipitating WRF. As 
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a result, a biomarker that perfectly predicts all WRF could theoretically harm patients by 

discouraging beneficial therapy. Damman and Testani (14) described this concept 

schematically, reminding us that it is important to interpret the change in creatinine in the 

context of the overall clinical status of the patient (Figure 1). So while we anxiously await 

the results from the urine NGAL arm of AKINESIS, even if urine NGAL demonstrates 

perfect WRF predictability, what to do with this information will remain unclear.

The foregoing discussion should not be interpreted as criticism of Maisel et al. (8) for either 

their study concept or design. To the contrary, at the time AKINESIS was designed (circa 

2010), the paradigm was that all WRF translates into bad outcomes, and thus early 

prediction would be invaluable. As such, AKINESIS represents a state-of-the-art approach 

to the question at the time of its design. However, as with most things in medicine, the more 

we learn, the more we realize we don’t know, and WRF is clearly not an exception. 

Ultimately, biomarkers of cardiorenal syndrome will have to move beyond the limitations of 

a change in creatinine while inferring the operative mechanism responsible. A great leap 

forward would be a biomarker that could differentiate the innocent “bump” in creatinine 

secondary to factors such as angiotensin-converting enzyme inhibitor titration or rapid 

diuresis from a more sinister rise in creatinine heralding a decline in a patient’s clinical 

status. Unfortunately, we remain a great distance away from such a breakthrough. Although 

the AKINESIS investigators are to be applauded for what is certainly the most rigorous 

investigation of biomarkers in WRF published to date, until we transcend the confines of 

defining this disease by a nonspecific change in serum creatinine, we are unlikely to see 

substantial progress.
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FIGURE 1. Visual Depiction of the Association Between Changes in Renal Function, Clinical 
Condition, and Mortality Risk
Reproduced with permission from Damman and Testani (14). AKI = acute kidney injury; 

eGFR = estimated glomerular filtration rate; WRF = worsening renal function.
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