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Abstract

Objectives: We evaluated neutrophil gelatinase-associated lipocalin (NGAL) and cystatin C in 

comparison to established markers of renal function in patients with heart failure (HF).

Background: Patients with advanced HF develop progressive renal dysfunction. The renal 

biomarkers NGAL and cystatin C might improve prognostic assessment of patients with HF.

Methods: Serum samples were collected from 40 patients with stable HF (58±8 yrs, BMI 

29.4±4.2 kg/m2), 40 HF patients undergoing ventricular assist device (VAD) implantation (53±11 

yrs, BMI 26.8±5.5 kg/m2) and VAD removal at cardiac transplantation, and 24 controls (48±7 yrs, 

BMI 29.4±4.2 kg/m2). Clinical data were collected from institutional medical records. NGAL and 

cystatin C levels were measured by ELISA and eGFR calculated using MDRD formula.

Results: Patients with stable HF showed elevated NGAL and cystatin C levels compared to 

controls (114.2±52.3 ng/mL vs. 72.0±36.1 ng/mL, p<0.0001; cystatin C: 1490.4±576.1 ng/mL vs. 

986.3±347.5 ng/mL, p=0.0026). Unlike cystatin C, NGAL increased in advanced HF requiring 

VAD implantation (158.7±74.8 ng/mL, p<0.001). On VAD, NGAL levels decreased (127.1±80.4 

ng/mL, p=0.034). NGAL was higher in patients who developed right ventricular failure 
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(187.8±66.0 vs. 130.9±67.0 ng/mL, p=0.03) and irreversible renal dysfunction (190.0±73.8 ng/mL 

vs. 133.8±54.2 ng/mL, p<0.05) while cystatin C, creatinine and eGFR were not different. NGAL 

correlated with eGFR (r=−0.2188, p=0.01).

Conclusions: NGAL levels correlate with HF severity and hemodynamic improvement after 

VAD placement. Our findings suggest a role of this novel biomarker as a marker of severity and 

prognosis in patients with HF.
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Heart failure (HF) is a growing public health concern, affecting nearly 5.8 million 

Americans and is associated with poor prognosis 1. The therapeutic gold standard for end-

stage HF remains cardiac transplantation, but the prevalence of HF continues to rise and the 

supply of available donor hearts has become increasingly inadequate 2. Thus, the use of 

ventricular assist devices (VADs) has become commonplace for end-stage HF as a bridge-

to-transplantation or as destination therapy 2. As such, more information is needed on the 

effects VAD placement, subsequent mechanical unloading and increased peripheral 

perfusion, has on other important organ systems.

Cardiovascular morbidity and mortality correlate strongly with impaired renal function 3 and 

HF is accompanied by progressive renal dysfunction. Such pathophysiology is often further 

complicated by neurohormonal derangements that favor overproduction of vasoconstrictors 

with concurrent pathologic alterations in mediators of vasodilation. 4. Together, these 

hormonal fluctuations, plus the genetic, inflammatory, and biochemical changes that occur 

during the onset and progression of HF weaken the myocardium directly and negatively 

impact the function of the kidneys 3, 5.

Renal function is routinely assessed using serum creatinine concentration and calculation of 

glomerular filtration rate (eGFR). However, because creatinine is a product of muscle 

breakdown, its interpretation as a marker of kidney function is confounded by age, gender, 

ethnicity and body mass 6. Other renal function measures, such as the Modification of Diet 

in Renal Disease (MDRD) eGFR equation compensate for these variables but are limited 

due to its development in a population diagnosed with chronic kidney disease 7. As such, it 

is desirable to seek more accurate biomarkers of renal dysfunction that also have prognostic 

and predictive value for clinical events.

Recently, the novel serum biomarkers, neutrophil gelatinase-associated lipocalin (NGAL) 

and cystatin C, have shown promise in providing rapid diagnosis of kidney injury and 

improved prognostic assessment in various patient populations at risk for renal 

dysfunction 8-12. NGAL is a 25kDa glycoprotein and is expressed at low levels in the 

normal kidney, trachea and colon, among other organs 8, 13, 14.NGAL expression is induced 

systemically (liver and spleen) and in immune cells in response to ischemic damage or other 

kidney insult14, 15. NGAL is elevated in HF patients and thought to be superior to creatinine 

as an early predictor of acute and chronic kidney injury and thus, renal dysfunction 8, 11, 16.
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Cystatin C is an endogenous 13 kDa cysteine protease inhibitor expressed by nucleated cells 

of the body 6, 17. Increased levels of cystatin C are linked to impaired kidney function and 

associated with a corresponding decrease in eGFR 17. Previous research has found cystatin 

C to be potentially superior to creatinine in predicting renal dysfunction and is an 

independent cardiovascular risk factor 6, 17.

As uncertainty exists as to whether NGAL or cystatin C is the superior diagnostic and 

prognostic biomarker, our study aimed to characterize the role of NGAL and cystatin C in 

comparison to established markers of renal function (creatinine and GRF) in patients with 

HF, and investigate the influence of VAD placement on renal dysfunction as measured by 

these serum biomarkers. Since VAD implantation improves hemodynamic physiology, we 

hypothesized that VAD-placement will remove excess physiological stress on the kidneys 

and reverse renal dysfunction, providing a subsequent decrease of all measured biomarkers.

METHODS

Study design

We completed a retrospective, cross-sectional study of 138 patients at Columbia University 

Medical Center which included controls without HF (n=24), stable HF patients (NYHA II-

III, n=40), patients with advanced HF undergoing VAD implantation (NYHA IV, n=40), 

and patients undergoing VAD removal (n=40).Paired samples were obtained from 22 

individual patients before and after VAD support. Demographic and clinical information 

was extracted from the institutional medical records of Columbia University Medical 

Center. In patients undergoing VAD placement, creatinine, eGFR, cystatin C, and NGAL 

were correlated to the development of right ventricular failure (RVF) defined by the 

Interagency Registry for Mechanically Assisted Circulatory Support criteria and dynamics 

in renal function 18.

The Institutional Review Board approved this study and all patients provided written 

informed consent.

Serum analysis

Blood was drawn from controls and all stable HF subjects at the time of enrollment, while 

blood samples were collected at time of surgery for VAD implant and explant. Whole blood 

was collected into serum separator tubes, centrifuged, and harvested serum was stored at 

−80°C until the biomarker assays were performed.

Serum concentrations of NGAL and cystatin C were determined by commercially available 

enzyme-linked immunosorbent assay (ELISA, Quantikine, R&D Systems, Minneapolis, 

MN, USA). Optical densities corrected for background noise and biomarker concentration 

was calculated using a unique standardized curve. Circulating levels of creatinine were 

analyzed by the institutional core laboratory. The eGFR was calculated using MDRD Study 

equation. Renal dysfunction was defined by a creatinine value >1.5 mg/dL. Improvement of 

renal function was defined as a decrease in creatinine by >25% of baseline values in patients 

with elevated creatinine levels at the time of VAD implantation.
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Statistical analyses

Data were analyzed using GraphPad Prism, Version 5.0b (San Diego, CA, USA), and are 

presented as means±SD. For categorical variables, results are presented as relative 

frequency. Normality was evaluated for each variable by the Kolmogorov-Smirnov test. 

Biomarker values and eGFR calculations before and after VAD placement were assessed 

using Student’s paired t-test or Wilcoxon signed rank test. Unpaired analyses of the renal 

markers were completed using unpaired Student’s t-test or Mann Whitney test. Correlations 

were determined using the Spearman coefficient. All tests were two-tailed. Differences 

among three or more groups were analyzed using one-way analysis of variance (ANOVA) 

(parametric) or Kruskal-Wallis test. Tukey and Dunn’s multiple comparison post-hoc tests 

were used. Sensitivity and specificity were assessed using conventional receiver-operating 

curves, as well as calculation of the areas under the curve (AUC). A p value of <0.05 was 

considered statistically significant.

RESULTS

Baseline characteristics

Clinical characteristics of all patients are summarized in Table 1. Significant differences are 

shown among the groups with regard to body mass index (BMI) .In patients with severe HF 

before VAD implantation, HF duration ranged from 31 to 6800 days (median 1637 days). 

The duration of VAD support ranged from 28 days to 508 days (mean 164±123 days). 18 

patients (45%) received a pulsatile and 22 patients (55%) received a continuous flow VAD. 

Table 2 summarizes laboratory examinations comparing controls, stable and severe HF 

patients before and after VAD placement.

Serum levels of biomarkers of renal dysfunction

To characterize the impact of HF on renal dysfunction, we analyzed circulating levels of 

NGAL and correlated values to creatinine and eGFR. We found that all patients with HF 

(NYHA II-IV) showed elevated NGAL levels compared to controls (137.3±66.0 ng/mL vs. 

72.0±36.1 ng/mL, p<0.0001). This increase was even stronger in the subgroup of patients 

with advanced HF pre-VAD implantation (NYHA IV) as compared to controls (158.7±74.8 

ng/mL vs. 72.0±36.1 ng/mL, p<0.0001, Figure 1A), indicating a stepwise increase.

Similar to the results seen for NGAL, patients with stable HF showed elevated cystatin C 

levels compared to controls (1490.4±576.1 ng/mL vs. 954.7±414.2 ng/mL, p=0.0026, Figure 

1B). Unlike NGAL, however, when NYHA Class IV patients were compared to controls, no 

difference was shown (1163.7±531.7 ng/mL vs. 954.7±414.2 ng/mL, p=NS, Figure 1B) 

indicating cystatin C does not follow a similar increase with disease severity

Further, when matched-pair analysis was performed for severe HF patients who underwent 

both VAD implantation and removal (n=22), we found that post-VAD NGAL decreased 

compared to pre-VAD levels (129.1±91.1 ng/mL vs. 168.0±85.6 ng/mL pre-VAD, 

p=0.0296, Figure 2A). No differences in changes of NGAL during VAD support were 

detectable between the group of patients on continuous compared to patients on pulsatile 

VADs (68.3±88.5 versus 25.2±72.0 ng/mL in pulsatile VADs, p=NS). Matched-pair 
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analysis revealed that VAD placement had no significant effect on cystatin C levels 

(855.0±452.9 ng/mL vs. 985.5±433.5 ng/mL pre-VAD, p=NS, Figure 2B). No differences in 

changes of cystatin C levels during VAD support were detectable between the group of 

patients on continuous compared to patients on pulsatile VADs (+31.7±389.9 versus 

−206.1±409.1 ng/mL in pulsatile VADs, p=NS).

Of the entire cohort, available creatinine values and eGRFs were examined. Patients with 

advanced HF have higher levels of creatinine compared to controls (Table 2). In matched 

pairs, a decrease in creatinine levels post-VAD placement was observed (1.5±0.7 mg/dL vs. 

1.1±0.4 mg/dL, p=0.01, Figure 2C). A trend towards better recovery of renal dysfunction 

was noted in patients supported by pulsatile devices compared to continuous flow VADs 

(0.1±0.6 versus 0.5±0.6 ng/mL in pulsatile VADs, p=0.1). Our data further illustrate 

significant correlations between eGFR and NGAL and cystatin C. NGAL correlated with 

eGFR (r=−0.2188 p=0.01, Figure 3A), and cystatin C correlated with eGFR (r=−0.3781, 

p<0.0001, Figure 3B)

Analysis of predictors of renal functional recovery

In severe HF patients receiving LVAD support, we found that levels of NGAL are predictive 

for reversibility of renal dysfunction (Figure 4A). Improvement of renal function was 

defined as a decrease in creatinine by >25% of baseline values in patients with elevated 

creatinine levels at the time of VAD implantation. Patients who did not recover from renal 

dysfunction had elevated NGAL levels as compared to those who did recover (190.0±73.8 

ng/mL vs. 133.8±54.2 ng/mL, p=0.0483, Figure 4A). Receiver-operating characteristic 

(ROC) curve analysis revealed an area under the curve (AUC) of 0.7273. From this data, we 

show that NGAL levels greater than 200 ng/mL indicate irreversible renal dysfunction with 

88.9% certainty, while patients with NGAL levels below 200 ng/mL have a 45.5% chance of 

recovery.

By the same analysis, cystatin C (1331.0±772.2 ng/mL vs. 1103.9±475.0 ng/mL, Figure 4B) 

and creatinine (1.5±0.4 mg/dL vs. 1.8±0.5 mg/dL) were not predictive of recovery of renal 

failure.

Analysis of predictors of right ventricular dysfunction following VAD placement

One of the most severe complications following VAD implantation is the development of 

RVF, which is associated with high morbidity and mortality. As with renal function, in 

advanced HF patients receiving left VAD therapy, NGAL was elevated in those who 

developed RVF compared to those who did not develop RVF (187.8±66.0 ng/mL vs. 

130.9±67.0 ng/mL, p=0.0265, Figure 4C). ROC analysis revealed an AUC of 0.7244. Our 

data indicate that NGAL levels greater than 100 ng/mL predict the development of RVF 

with 93.3% certainty, while patients with NGAL levels below 100 ng/mL have only a 40.0% 

chance of development of RVF.

By the same analysis, cystatin C (1135.4±231.3 ng/mL vs. 1016.9±580.8 ng/mL, Figure 

4D), creatinine (1.7±0.7 mg/dL vs. 1.5±0.6 mg/dL) and eGFR (53.4±33.0 mL/min/1.73m2 

vs. 60.4±29.6 mL/min/1.73m2) showed no difference between patients who developed right 

ventricular dysfunction and those who did not.
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DISCUSSION

In the current study, we demonstrate that circulating levels of NGAL, a novel biomarker of 

renal dysfunction, increases in patients with HF, correlate with impairment of renal function 

in HF patients and decrease following VAD implantation likely due to hemodynamic 

improvement. Cystatin C, another novel biomarker of renal function, shows a similar 

increase in patients with HF. However, a matched pair analysis of patients before and after 

VAD placement failed to show a significant change in cystatin C levels. NGAL 

outperformed cystatin C, creatinine and eGFR as predictor of recovery of renal dysfunction 

and occurrence of RVF following VAD implantation. Thus, NGAL is a novel and sensitive 

biomarker of renal dysfunction in patients with HF.

To date, both NGAL and Cystatin C are shown to be promising biomarker indicators of 

renal injury and dysfunction 9-12, 14, 16. NGAL is a glycoprotein that exists at low levels 

under normal physiologic conditions, but its expression is induced from various cell types 

during inflammation, or in response to ischemic damage or other kidney insult 13, 15. NGAL 

is filtered by the glomeruli and taken up at the proximal tubule 14. Yndestad et al. have 

described increased NGAL levels in patients with both acute and chronic HF and following 

myocardial infarction, indicative of a decline in renal function 19. Prior studies also 

suggested that increased levels of NGAL predict acute kidney injury and renal dysfunction 

in various patient populations 9-12, 16. In fact, NGAL has been described as superior to 

creatinine for both acute kidney injury 10, 12 and chronic kidney disease 11. In large part, 

because NGAL levels increase within hours to indicate worsening renal function whereas 

creatinine must first reach a steady state, a process which can take up to 48 hours 12. Our 

results support each of the above assertions as we show elevated NGAL levels in patients 

affected by HF, an increase that is mitigated by VAD placement due to hemodynamic 

improvement, increased perfusion at the kidney, and other physiological factors that remain 

to be elucidated.

Cystatin C is a cysteine protease inhibitor continuously produced by all nucleated cells 6, 17. 

Physiologically, serum cystatin C concentration is a direct result of decreased glomerular 

filtration rate (GFR) as the marker is freely filtered at the glomerulus, completely taken up at 

the tubules, and immediately degraded, preventing its return to circulation and making it a 

good proxy of GFR 17. It is an ideal biomarker because blood samples are readily obtained 

from patients and cystatin C is easily measured in the laboratory. However, there appears to 

be some disagreement whether cystatin C levels are affected by age, gender, and BMI 16, 20 

– all of which confound the interpretation of creatinine – nevertheless, the association of 

cystatin C with GFR is unaffected by these factors 6. Cystatin C has been suggested as 

superior or equal to eGFR in assessment of renal dysfunction 17 and may be more sensitive 

to small changes in eGFR than creatinine 6. One prior study further asserts that increased 

circulating levels of the marker were shown to be an independent predictor of HF in adults 

over 65 years of age 6. Others have also associated high cystatin C levels with left 

ventricular hypertrophy, atherosclerosis, cardiovascular events, low-grade inflammation and 

long term mortality 16, 20, 21. Overall, our data is consistent with previous findings in that 

cystatin C is elevated in HF patients, and strongly correlates with current laboratory markers 

of renal function.
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Our study validates NGAL and cystatin C as markers of renal dysfunction in a patient 

population affected by HF, and characterizes the potential use of these novel biomarkers for 

assessing renal function before and after VAD placement, predicting associated clinical 

events. Furthermore, we introduce NGAL as a novel predictive biomarker for clinical events 

such as recovery of renal dysfunction and incidence of RVF in advanced HF patients 

undergoing VAD placement. Our data show that NGAL outperforms both established 

markers of renal function and cystatin C but the underlying biologic mechanisms explaining 

this advantage are unclear. The prognostic value of these findings is clinically relevant, as 

we provide a concentration cutoff of 200 ng/mL, the level at which it is 88.9% certain that a 

patient’s renal dysfunction is no longer reversible during VAD support. Likewise, we 

provide evidence illustrating elevated NGAL levels in patients undergoing VAD placement 

who developed subsequently RVF as compared to those who did not develop right 

ventricular dysfunction. Our results provide a concentration cutoff of 100 ng/mL, the level at 

which it is 93.3% certain that a patient will develop RVF during VAD support. At NGAL 

concentrations lower than 100 ng/mL, patients have only a 40.0% chance of developing 

RVF. Due to the established high morbidity and mortality associated with RVF post-VAD 

placement, the predictive value of NGAL is clinically important and could have future 

implications in improving the management of patients with HF and VAD placement. Further 

analyses evaluating the prognostic value of cystatin C, creatinine and eGFR showed no 

predictive power in regard to recovery of renal dysfunction or development of RVF, 

confirming that NGAL is superior to conventionally accepted markers of renal function.

Another interesting finding of the present study is the correlation of changes in NGAL and 

creatinine in patients with HF before and after VAD implantation. NGAL levels decrease in 

patients with advanced HF following VAD placement to levels close to that of normal 

individuals. In contrast, creatinine and to some extent also eGFR improve in patients on 

VAD support. One might postulate that increases in NGAL levels are related to the low 

cardiac output state and potential tissue hypoxygenation in advanced HF which is partially 

reversible with LVAD placement.

Our study has several limitations. First, the analysis is limited by its retrospective and 

observational nature, which compares patients with HF at different stages and interventions 

performed over various time periods. Second, the patients were not consecutively selected. 

We evaluated only patients whose blood samples were collected at the time of LVAD 

implantation and device removal and our data are restricted to the time points of LVAD 

implantation and explantation. Third, our study was not controlled for concurrent 

inflammatory states including bacterial infections or autoimmune diseases, both known to 

increase NGAL levels 19. Lastly, we studied patients from a single medical center, and 

though our findings support NGAL as a novel and sensitive biomarker of renal dysfunction 

and clinical outcomes for HF patients, additional research is needed in larger and more 

diverse patient populations to further evaluate and validate the marker.

In summary, we show elevated NGAL levels in patients with HF correlate with impairment 

of renal function. VAD placement induces hemodynamic improvement and subsequent 

decrease in serum NGAL illustrating the reversibility of renal dysfunction in advanced HF. 

Further, elevated levels of NGAL predict irreversible renal dysfunction and the development 
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of RVF following VAD implantation. Our results indicate that NGAL is superior to standard 

markers of renal function and proves to be a novel and sensitive biomarker of renal 

dysfunction and clinical events in patients with advanced HF.
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Figure 1. Serum levels of NGAL and Cystatin C in controls, patients with stable and severe HF, 
and on VAD support
(1A) NGAL levels increase in correlation to clinical severity of HF and decrease following 

hemodynamic improvement after VAD placement. (*p<0.01 versus control; †p<0.05 versus 

moderate HF).
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Figure 2. Effects of ventricular assist device (VAD) placement on serum NGAL, cystatin C and 
routine markers of renal function
NGAL (A) and creatinine (C) improve during VAD support in patients with advanced HF 

(both p<0.05 versus pre-VAD) while cystatin C (B) and eGFR (D) show only a trend 

towards improvement post-VAD. Individual data shown for matched pairs on the left, 

average group data shown on the right (n=22 matched pairs, *p<0.05 versus pre-VAD).
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Figure 3. Correlation of NGAL and cystatin C with eGFR
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Figure 4. Analysis of NGAL and cystatin C levels for prediction of worsening renal function and 
right ventricular failure
(A) Patients who did not recover from renal failure had elevated NGAL levels as compared 

to those who did show reversibility. At NGAL levels over 200 ng/mL, renal failure is 

unlikely reversible (88.9% sensitivity); however, at NGAL levels under 200 ng/mL, there is 

a 45.5% chance of recovery. Black bar indicates the values in patients without recovery of 

renal function and the gray bar indicates the values in those with recovery of renal function. 

(B) Cystatin C levels could not predict recovery of renal function after LVAD surgery. (C) 

Patients who developed right ventricular failure had elevated NGAL levels as compared to 

those who did not. At NGAL levels greater than 100 ng/mL, patients were likely to develop 

right ventricular failure (93.3% sensitivity); however, at NGAL levels under 100 ng/mL, 

there is only a 40.0% chance of development of right ventricular failure. Black bar indicates 

the values in patients without right ventricular (RV) failure after LVAD surgery and the gray 

bar indicates the values in those who developed RV failure (*p<0.05). (D) Unlike NGAL, 

cystatin C levels did not predict development of right ventricular failure after LVAD 

surgery.
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Table 1

Patient Characteristics.

Controls
(n=24)

Stable HF
(n=40)

VAD Implant
(n=40)

VAD Explant
(n=40)

Age (yrs) 48±7.1 58±8.4 53±11.2 53.5±11

Gender (% male) 11 (61%) 25 (83%) 28 (82%) 27 (82%)

BMI (kg/m2) 28.4±6.4 29.4±4.2 26.8±5.5 26.1±4.3

Etiology of HF (n,%)

 Dilated CMY NA 18 (60%) 21 (62%) 19 (58%)

 Ischemic CMY 11 (37%) 13 (38%) 13 (39%)

 Other 1 (3%) 0 (0%) 1 (3%)

Data show means±SD. Significance tested using ANOVA post-hoc Tukey analysis.

Abbreviations not defined in the text: BMI - body mass index.
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Table 2

Laboratory Data.

Controls
(n=24)

Stable HF
(n=40)

VAD Implant
(n=40)

VAD Explant
(n=40)

BUN (mg/dL) 14.9±3.4 23.7±11.9
40.0±25.7

†‡ 26.7±15.5

Crea (mg/dL) 1.0±0.2 1.2±0.4
1.5±0.6

† 1.2±0.4

eGFR (mL/min/1.73 m2) 76.5±17 66.0±22
53±33

† 69±25

Data show means±SD. Significance tested using ANOVA with post-hoc Tukey analysis.

Abbreviations not defined in text: BUN - blood urea nitrogen and Creat - creatinine.

†
p<0.05 for NYHA HF Class IV pre-VAD vs Control;

‡
p<0.05 for NYHA HF Class IV pre-VAD vs NYHA HF Class II-III.
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