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Summary

 Background: Because creatinine is an unreliable variable describing kidney function, the search for a new and 
sensitive marker of kidney function is underway. Neutrophil gelatinase-associated lipocalin (NGAL) 
has been recently proven useful in the quantitation of chronic kidney disease (CKD). The aim of 
the study was to assess the prevalence of chronic kidney disease using estimated glomerular filtra-
tion rate (eGFR) and creatinine clearance according to different formulas and measurements of 
cystatin C and serum NGAL.

 Material/Methods: One hundred sixty-nine prevalent heart transplant recipients in relation to age (younger and old-
er than 65 years of age) were studied. Serum NGAL, cystatin C, creatinine, and eGFR were evalu-
ated in all patients.

 Results: Elderly heart recipients had significantly higher cystatin C and serum NGAL and lower eGFR than 
their younger counterparts, despite not having a statistically different serum creatinine. In the 
group of 27 elderly recipients, according to the Cockcroft-Gault formula, 22 patients had stage 
3 CKD and 4 had stage 4 CKD; according to the Modification of Diet in Renal Disease (MDRD) 
Study formula, 5 had stage 2 CKD, 15 had stage 3 CKD, and 7 had stage 4 CKD; according to the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula, 5 had stage 2 CKD, 15 
had stage 3 CKD, and 7 had stage 4 CKD; and according to the calculation of 24-hour creatinine 
clearance, 5 had stage 2 CKD, 16 had stage 3 CKD, and 6 had stage 4 CKD.

 Conclusions: The prevalence of CKD in the elderly population was as high as 81% (MDRD, CKD-EPI, creati-
nine clearance) to 100% (Cockcroft-Gault formula), whereas in the younger population of heart 
transplant recipients the prevalence of CKD ranged from 56.3% to 77.5%. Serum NGAL could be 
a sensitive marker of kidney function, particularly in elderly patients.
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Background

Nonrenal solid organ transplantation is now an established 
method of therapy with significantly improved outcome in 
the last several years [1, 2]; however, an increasingly preva-
lent complication in this population appears to be chron-
ic kidney disease (CKD) [1–3]. Chronic kidney disease is 
an important long-term complication of all forms of non-
renal organ transplantation [4]. This has been attributed 
to long-term treatment with calcineurin inhibitors (CNI) 
[5,6]. However, CKD occurs despite advances in immuno-
suppression, tailored and CNI-free regimens, and advance-
ments in perioperative management, as well as attention to 
cardiovascular risk factors and infectious complications [7]. 
The development of CKD is associated with enhanced mor-
bidity and mortality [4]. The prevalence of CKD is about 
10% to 16%, mainly in the elderly. Impaired kidney func-
tion is associated with a higher risk of morbidity and mor-
tality compared with the general population, largely as a re-
sult of cardiovascular disease [8].

An important problem remains the assessment of kidney func-
tion after renal transplantation. Unfortunately, creatinine is 
an unreliable variable describing kidney function [9]. First, us-
ing serum creatinine to estimate true renal function has well-
recognized inaccuracies and limitations [9]. A marked reduc-
tion in glomerular filtration rate (GFR) can be present before 
it is reflected in a rise in serum creatinine (up to 50% of kid-
ney function has already been lost before creatinine might 
change). Neutrophil gelatinase-associated lipocalin (NGAL), a 
member of the lipocalin family [10], is expressed at a low level 
in other human tissues, including the kidney, prostate gland, 
and epithelia of the respiratory and alimentary tracts [11]. 
Mishra and colleagues [12] highlighted the value of NGAL 
as a novel marker for early detection of acute kidney injury. 
Because of its small molecular size (25 kDa) and resistance to 
degradation, NGAL is readily excreted and detected in urine. 
Moreover, NGAL was also suggested as a marker of kidney 
function in patients with CKD [13]. In our previous study, we 
found that even a successful kidney transplantation is associ-
ated with kidney injury as reflected by elevated serum NGAL 
and lowered effective GFR (eGFR) [14]. We obtained similar 
data for heart transplant recipients. Recently, it has been re-
ported that undiagnosed CKD is common in the elderly [15]. 
Therefore, taking all these data into consideration, the aim of 
this study was to assess whether serum NGAL correlates with 
kidney function in heart transplant recipients as a function of 
age (younger and older than 65 years).

Material and Methods

We analyzed 169 patients who underwent their first ortho-
topic cardiac transplant in Jagiellonian University, Cracow, 
Poland. We excluded patients who underwent combined or-
gan transplants. Patient characteristics are shown in Table 1. 
Only 19 patients had diabetes. The studies were performed 
on 169 prevalent patients after orthotopic heart transplan-
tation (OHT; reasons for OHT were as follows: ischemic car-
diomyopathy, n=99; dilated cardiomyopathy, n=63; end-stage 
valvular disease, n=7). All the patients were transplanted ac-
cording to Shumway-Cooley-Brock technique. Mean cold 
ischemic time was 209 minutes (Celsior preservation fluid). 
Mean cross-clamping time was 70 minutes. Mean stay in the 
intensive care unit was 7 days. Before the OHT, in all patients 

serum creatinine was less than 1.8 mg/dL. In 20% of patients, 
induction therapy with antithymocyte globulin (ATG) at a 
dose of 1.25 mg/kg body weight was given for 3 consecutive 
days. Lymphocytes subpopulations were monitored during 
this time with flow cytometry technique. The immunosup-
pressive regimen of patients consisted of tacrolimus (n=39) 
and cyclosporine (n=128), in combination with mycopheno-
late mofetil (n=132), azathioprine (n=2), everolimus (n=28), 
or sirolimus (n=8). Fifty-seven patients were also given pred-
nisone. All subjects gave informed consent, and the protocol 
was approved by the Medical University Ethics Committee.

Blood was drawn in the morning when patients appeared 
for routine office assessment after an overnight fast. Venous 
blood samples were collected into Vacutainer tubes. The 
blood was centrifuged at 2500g for 15 minutes at room tem-
perature in the clinical laboratory to yield serum. The sam-
ples were aliquoted and stored at –40°C before assay. Assays 
were done within 1 month after sampling. Serum NGAL as-
sessment was performed from the first aliquot (samples were 
not frozen and thawed). Effective GFR was estimated using 
the simplified Modification of Diet in Renal Disease (MDRD) 
Study formula (eGFR = 186.3 × serum creatinine (mg/dL)–1.14 
× age –0.203 × 0.742 if female × 1.21 if African American) [16], 
the new Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) Study formula [17], and the Cockcroft-Gault for-
mula (creatinine clearance = (140 – age) × body weight/se-
rum creatinine × 72 if female × 0.85) [18]. The CKD stages 
were defined according to the National Kidney Foundation 
Kidney Dialysis Outcomes Quality Initiative guidelines [8].

Complete blood count and serum urea, cholesterol, tri-
glycerides, fasting glucose, total protein, and albumin were 
studied by standard laboratory methods. Serum creatinine 
was measured by the standard laboratory method (Jaffe) 
in the central laboratory of the hospital. Serum NGAL was 
evaluated using a commercially available enzyme-linked 
immunosorbent assay (ELISA) from BioPorto Diagnostics 
(Gentofte, Denmark). In short, it is a sandwich monoclo-
nal ELISA procedure for determination of NGAL in human 
urine and serum. Microtiter platelets coated with mono-
clonal antibodies against human NGAL were coated with 
samples (urine or serum) or standards (NGAL concentra-
tions ranging from 1–1000 µg/L) and incubated with bio-
tinylated monoclonal antibodies against human NGAL fol-
lowed by streptavidin-conjugated horseradish peroxidase. 
Tetramethylbenzidine substrate was then added for color 
development, which was read at 450 nm with a microplate 
reader. Cystatin C was estimated using a commercially avail-
able assay from BioVendor, Modrice, Czech Republic. All 
tests were performed according to manufacturer’s instruc-
tions by the same person.

The data were expressed as mean ± standard deviation or 
median (minimum, maximum values). The examination 
of the distribution normality of variables was done using 
the Shapiro-Wilk W test. The comparisons between groups 
were done by analysis of variance. Values of P<.05 were tak-
en as statistically significant.

results

All the data are presented in Table 1. We identified 27 pa-
tients older than 65 years. Elderly heart transplant recipients 
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had significantly higher cystatin C and serum NGAL and a 
lower eGFR than their younger counterparts, despite having 
a not statistically different serum creatinine and a tenden-
cy to lower hemoglobin (P=.07). In the group of 27 elderly 
heart transplant recipients, according to Cockcroft-Gault for-
mula, 1 patient had stage 2 CKD (excluded from the analy-
sis), 22 patients had stage 3 CKD (eGFR between 60 and 30 
mL/min), and 4 patients had stage 4 CKD (eGFR between 
30 and 15 mL/min). According to the MDRD formula, 5 pa-
tients had stage 2 CKD (eGFR between 90 and 60 mL/min), 
15 patients had stage 3 CKD, and 7 patients had stage 4 CKD. 
According to the CKD-EPI formula, identically to the results 
using the MDRD formula, 5 patients had stage 2 CKD, 15 
patients had stage 3 CKD, and 7 patients had stage 4 CKD. 
Finally, according to the 24-hour creatinine clearance, 5 pa-
tients had stage 2 CKD, 16 patients had stage 3 CKD, and 6 
patients had stage 4 CKD. In the group of 142 heart transplant 
recipients younger than 65 years, according to the Cockcroft-
Gault formula, 44 patients had stage 2 CKD, 78 patients had 
stage 3 CKD, and 20 patients had stage 4 CKD. According to 
the MDRD formula, 32 patients had stage 2 CKD, 88 patients 

had stage 3 CKD, and 22 patients had stage 4 CKD. According 
to the CKD-EPI formula, 34 patients had stage 2 CKD, 87 pa-
tients had stage 3 CKD, and 21 patients had stage 4 CKD. 
According to the 24-hour creatinine clearance, 62 patients 
had stage 2 CKD, 63 patients had stage 3 CKD, and 17 pa-
tients had stage 4 CKD. The prevalence of CKD in the elder-
ly population was as high as 81% (MDRD, CKD-EPI, creati-
nine clearance) to 100% (Cockcroft-Gault formula), whereas 
in the younger population of heart transplant recipients the 
prevalence of CKD ranged from 56.3% to 77.5%.

Serum NGAL in univariate analysis was strongly correlat-
ed in patients younger than 65 years of age with serum cre-
atinine (r=0.67, P<.001), eGFR (CKD-EPI, r=–0.54, P<.001; 
MDRD, r=–0.53, P<.001; Cockcroft-Gault, r=–0.52, P<.001), 
24-hour creatinine clearance (r=–0.39, P<.001), and cystatin 
C (r=0.74, P<.001), whereas in the population older than 
65 years of age serum NGAL was correlated with serum cre-
atinine (r=0.73, P<0.01), eGFR (CKD-EPI, r=–0.59, P<.01; 
MDRD, r=–0.55, P<.01; Cockcroft-Gault, r=–0.49, P<.05), 
and cystatin C (r=0.67, P<.01).

Age <65 N=142 Age >65 N=27 P

Age (mean)  49.98±12.62  70.37±4.41  <0.001

Women (n/%) 30 5

Men(n/%) 112 22

Diabetes (n/%) 16 3

Time from tx (months)  98.58±51.17  136.59±39.16  <0.001

SBP (mm Hg)  128.61±15.47  124.84±16.49 NS

DBP (mm Hg)  83.33±11.42  79.79±8.48 NS

RBC (×1012/L)  4.56±0.71  4.16±0.77  <0.01

HB (g/dL)  13.08±2.04  12.29±2.13 NS

WBC (×109/L)  6.54±2.64  5.85±2.13 NS

Glucose (mmol/L)  6.16±1.49  6.5±1.75 NS

Cholesterol (mmol/L)  4.79±1.18  4.85±1.25 NS

HDL(mmol/L)  1.37±0.5  1.31±0.44 NS

LDL(mmol/L)  2.66±0.93  2.79±0.93 NS

Triglycerides(mmol/L)  1.46±0.87  1.13±0.78 NS

eGFR Cockcroft-Gault (ml/min)  67.13±32.64  39.01±15.82  <0.001

eGFR MDRD (ml/min)  58.08±27.79  43.21±17.54  <0.01

eGFR CKD EPI (ml/min)  58.79±28.27  41.07±17.31  <0.01

Creatinine(mg/dL)  1.65±1.06  2.0±1.29 NS

Creatinine clearance (ml/min)  66.93±37.61  43.42±17.79  <0.01

Cystatin C (ng/mL)  2039.72±1013.15  2753.95±1379.69  <0.01

NGAL (ng/mL)  180.0±116.92  254.48±112.89  <0.01

EF (%)  56.09±9.68  53.96±10.12 NS

NTproBNP (pg/mL)  339.99±557.89  737.68±1226.01  <0.01

Table 1. Clinical and biochemical characteristic of orthotopic heart transplant recipients in relation to age.
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discussion

In our study, we found a very high prevalence of CKD, up to 
100%, on the basis of eGFR and creatinine clearance, in el-
derly heart transplant recipients. An association between age 
and decreasing GFR has been suggested by several studies 
[19–21]. In the Baltimore Longitudinal study, 254 healthy 
participants (without CKD or hypertension, not treated with 
diuretics) had periodic assessment of creatinine clearance 
between 1958 and 1981 [22]. The mean decrease in creati-
nine clearance was 0.75 mL/min per year, and was greater 
in patients who had hypertension later during observation. 
In 1 of 3 patients, there was no fall in creatinine clearance. 
In the Third National Health and Nutrition Examination 
survey (NHANES III), an eGFR (by MDRD) less than 60 
mL/min was found in 11% of subjects older than 65 years 
without concomitant diabetes and hypertension, whereas 
this was found in only 0.1% and 1.2% subjects aged 20 to 
39 and 40 to 59 years, respectively [23]. In a Japanese pop-
ulation of almost 100 000 subjects from Okinawa, in more 
than 80% of patients older than 70 years, creatinine clear-
ance was less than 60 mL/min [24]. However, such studies 
may be flawed in part owing to the presence of possible con-
founding conditions. Although the elderly appear to have 
lower clearance rates, comorbid conditions [25] may sig-
nificantly affect measurements of kidney function among 
such patients, and increased age is not invariably associat-
ed with a reduced GFR [19,26].

As a result of different formulas used (MDRD, Cockcroft-
Gault), results are not identical or even similar in the same 
age groups studied [23,27,28]. Within the 5th and 95th per-
centiles for age, both Cockcroft-Gault and MDRD formulas 
provide similar measurements that were consistent with age-
specific historic inulin clearance values [23]. The Cockcroft-
Gault equation provided higher estimates at younger ages, 
and lower estimates at older ages (ie, older than 70 years) 
than that obtained with the simplified MDRD formula [29]. 
The new equation, CKD-EPI, was derived from research 
studies and clinical populations (“studies”) with measured 
GFR (using iothalamate) and the NHANES, 1999 to 2006, 
on 8254 subjects and validated on 3896 participants (with 
GFR assessed by iothalamate and other markers) [17]. The 
new formula was proved to be more accurate and more pre-
cise than the MDRD formula; however, a limited number of 
elderly people and racial and ethnic minorities with mea-
sured GFR in the samples is a limitation of this new CKD-
EPI equation. In our previous study, we found a high prev-
alence of CKD in heart transplant recipients [30] when we 
used the new CKD-EPI formula [31].

As far as we know, there are no data on kidney function in 
heart transplant recipients with respect to age and use of 
new biomarkers of kidney function. In our study, we found 
that prevalence of CKD in the elderly population is ex-
tremely high, reaching up to 100% (when assessed using 
the Cockcroft-Gault formula), whereas in our previous study 
we found that serum NGAL was related to kidney function 
in both heart [32] and kidney transplant recipients [14].

It has been proposed that cystatin C-based equations would 
be more accurate in populations with lower creatinine pro-
duction, such as the elderly, children, renal transplant recip-
ients, or patients with cirrhosis [33–35]. In 1 study of more 

than 3000 patients with known CKD, an equation for the es-
timated GFR based on cystatin C was nearly as accurate as 
GFR estimated from the serum creatinine adjusted for age, 
sex, and race when compared with GFR measured by iothal-
amate clearance [36]. The addition of age, sex, and race to 
cystatin C measurements reduced bias in some subgroups 
defined by these variables, and an equation that uses both 
serum creatinine and cystatin C with age, sex, and race was 
better than equations that used only one of these markers. 
In our study, serum cystatin C was significantly higher in the 
elderly heart transplant recipients despite similar concentra-
tions of serum creatinine. It should be stressed that steroid use 
may affect cystatin C levels, therefore limiting its use in trans-
plant recipients. As an example, for the same level of cystatin 
C, measured GFR was 19% higher in transplant recipients 
than in patients with native kidney disease [33]. In our pop-
ulation, serum NGAL was significantly higher in the elderly 
patients and correlated well with serum creatinine, cystatin 
C, and eGFR; however, serum NGAL did not correlate with 
age in heart transplant recipients (data not shown) as well 
as in the previous study on kidney allograft recipients [14].

Initially, NGAL was detected by Western blot technique. 
Today, a commercially available ELISA assay from BioPorto 
Diagnostics is an option. Moreover, a standardized point-
of-care Triage device (Inverness, Inc, San Diego, CA) was 
designed to measure plasma NGAL. The assay is easy, with 
quantitative results available in 15 minutes, requiring only a 
microliter sample [37], which makes bedside testing feasible. 
Similarly, a urinary NGAL assay (Architect analyzer, Abbott 
Diagnostics, Abbott Park, IL) is also available for clinical appli-
cation. This urinary assay requires only 150 µL of urine, and 
results are available within 35 minutes [38], making bedside 
diagnosis easy and noninvasive within a reasonable time. Both 
plasma and urinary NGAL assessed by Western blotting cor-
related well with values obtained using research ELISA [39].

We do agree that CKD is an underrecognized problem in 
the geriatric population, and that eGFR should be automat-
ically reported, not only in geriatric units but in every unit, 
as our patients are getting older, have more concomitant 
diseases [40], receive more and more drugs, and are un-
dergoing more and more potentially nephrotoxic invasive 
procedures such as percutaneous coronary intervention or 
computed tomography with contrast administration [41].

conclusions

In conclusion, the prevalence of CKD is high in heart trans-
plant recipients, particularly in the elderly population. In our 
study we found a very high prevalence of CKD, up to 100%, 
on the basis of estimated GFR and creatinine clearance, in 
elderly heart transplant recipients. Effective GFR should be 
estimated in these patients, not only because this is an im-
portant risk factor for cardiovascular events, but also to fa-
cilitate proper drug dosing in this vulnerable population.
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