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Summary
QUESTIONS UNDER STUDY: Diagnosis of acute kidney
injury (AKI) relies on measurement of serum creatinine
(SCr). SCr is a late marker of impaired renal function.
Urinary Neutrophil Gelatinase-Associated Lipocalin
(uNGAL) has given encouraging results for an early and
sensitive detection of AKI. This cohort study was conducted (1) to assess the value of uNGAL as early marker of
contrast-induced AKI (CI-AKI) in unselected patients undergoing percutaneous coronary procedure (PCP) and (2)
to investigate whether uNGAL levels correlate with the
volume of contrast medium (CM) used during the procedure.
METHODS: We enrolled 244 consecutive adult patients
undergoing PCP done with the low-osmolar CM Iomeprolum (median volume of CM 122 [88–168] ml per procedure). uNGAL was measured at its peak with a standardised
clinical laboratory platform (ARCHITECT uNGAL assay,
Abbott).
RESULTS: Overall, the post-PCP uNGAL levels were extremely low in our cohort with a median value of 7.7
[4.0–14.5] ng/ml (N ≤132 ng/ml). Twenty-five (10%) patients developed CI-AKI according to the classical diagnostic criteria (≥25% or ≥44.2 µmol/l increase in SCr) and
8 (3.3%) patients according to the AKIN criteria. Regardless of the definition considered, uNGAL levels did not
significantly differ in patients with or without CI-AKI.
Similarly, we found no significant correlation between the
volume of CM used and the post-PCP uNGAL levels (r =
–0.11).
Abbreviations
CM Contrast medium
CI-AKI Contrast-induced acute kidney injury
eGFR Estimated glomerular filtration rate
PCP Percutaneous coronary procedure
SCr Serum creatinine
uNGAL Urinary neutrophil gelatinase-associated lipocalin
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CONCLUSIONS: In a large cohort of unselected adult patients, uNGAL measured four to six hours after PCP was
ineffective to predict the risk of CI-AKI and did not correlate with the volume of CM used during the procedure.
Key words: acute kidney injury; contrast-induced acute
kidney injury; contrast medium volume; percutaneous
coronary procedure; urinary neutrophil gelatinaseassociated lipocalin

Introduction
Contrast-induced acute kidney injury (CI-AKI) is a decrease in renal function following the injection of radiocontrast media (CM). In inpatient settings, CI-AKI is one
of the most common iatrogenic causes of acute renal failure
[1]. In current practice, the diagnosis of CI-AKI still relies
on serum creatinine (SCr) kinetic monitoring. Unfortunately, SCr elevation is a late indicator of acute changes
in renal function, because of a 24–48 hour delay between
renal insult and significant SCr elevation [2]. As CI-AKI
is associated with an increased short- and long-term morbimortality [3–6] and as the number of cardiac procedures
is constantly increasing, the early detection of CI-AKI is
of utmost clinical relevance in invasive cardiology. This
point is in accordance with the recent statement from a
multidisciplinary panel of experts that gave the highest research priority in nephrology for the discovery of new biomarkers and for the translation of scientific laboratory advances into clinical practice [7].
Several biomarkers have recently been under investigation
in search of a rapid and accurate indicator of CI-AKI [8].
Among those increasing rapidly after a renal insult, neutrophil gelatinase-associated lipocalin (NGAL or Lipocalin-2
– LCN2) is of particular interest, and has even been considered as a “renal troponin” [9]. NGAL is a small (25 kDa)
protein of the lipocalin superfamily that was first isolated in
1993 from the supernatant of activated human neutrophils
[10, 11]. It is massively and rapidly upregulated in the asPage 1 of 10
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cending loop of Henle and in collecting duct epithelia following an ischaemic or nephrotoxic injury, and is thought
to participate in limiting renal parenchymal damage [12,
13]. Several studies have shown encouraging results for
uNGAL for early detection of AKI in different clinical
settings. In patients developing AKI following cardio-pulmonary bypass, Benett and colleagues found that NGAL
is significantly elevated in urine (uNGAL) already two
hours following the intervention, with a peak at four to six
hours [14]. Similarly, Haase et al. calculated in their metaanalysis, that when uNGAL is measured within six hours
after CM exposure during percutaneous coronary procedures (PCP), the sensitivity, specificity and AUC for the detection of CI-AKI using a cut-off for uNGAL of ≥100 ng/
ml are respectively 0.78, 0.96, and 0.89 [15].
Most of the previous studies addressing the clinical use
of uNGAL were based on “custom-made” ELISA assays.
More recently, an automated immunoassay for fast (36
minutes) uNGAL measurement was developed and validated by Abbott for their clinical laboratory platform
ARCHITECT [16, 17]. Therefore, the purposes of this prospective observational study were: (1) to investigate the
clinical usefulness of uNGAL measured with this standardised assay for the early detection of CI-AKI in unselected
adult patients undergoing PCP, and (2) to assess the correlation between the post-procedural uNGAL levels and the
amount of CM used.

Patients and methods
Study population
Between November 2011 and February 2012, all patients
aged ≥18 years who underwent PCP (angiography and/or
angioplasty) in the department of Cardiology at Fribourg
University & Hospital, Switzerland, were eligible for the
present study. The pre-defined exclusion criteria were
dialysis-dependent chronic kidney disease and lack of written consent. This study complies with the Declaration of
Helsinki and was approved by the local ethics committee
at Fribourg University & Hospital, Switzerland (013–REPCER-FR; NCT01612117). All patients were informed and
gave written consent for inclusion in the study.
According to the good-practice recommendations that aims
to reduce the risk of CI-AKI in patients undergoing PCP,
we optimised the hydration status, interrupted concomitant
nephrotoxic medications, avoided iterative expositions to
CM and used a minimal volume of low-osmolar non-ionic
CM in the majority of the study patients [8, 18]. Hydration
was performed whenever possible based on time limits and
cardiac function before and after PCP with normal saline
[18–20] in nondiabetic patients, or glucosaline in diabetic
patients. The standard hydration protocol for daycare patients was l ml/kg/h of NaCl 0.9% starting the morning of
procedure and continuing for a minimum of five hours thereafter. In hospitalised patients the perfusion was started the
evening before PCP and kept until the following morning.
Use of N-acetylcystein was left to the discretion of the interventional cardiologist, but was only rarely used. Coronary
angiograms were acquired using a dedicated monoplane digital flat-panel detector with 3D acquisition (Philips Allura
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XPer FD10), low-osmolar non-ionic contrast medium Iomprolum (Iomeron 350®; 350 mg/ml of Iodine) and an automated contrast injector (CVi Acist medical). As a general
rule, the CM amount was kept to a minimum, especially in
patients with baseline SCr ≥130 µmol/l.

Definitions, sampling and laboratory
analysis
Diagnosis of CI-AKI
Two definitions were used: (1) The classical definition –
used in most available literature in the field –that considers
CI-AKI as a relative (≥25%) or an absolute (≥44.2 µmol/
l) increase in SCr from baseline [21]. (2) The Acute Kidney
Injury Network (AKIN) definition that considers CI-AKI as
a relative (≥50%) or an absolute (≥26.5 µmol/l) increase
in SCr from baseline, or a reduction in urine output (documented oliguria of less than 0.5 ml/kg per hour for more
than six hours) [22]. Although infrequently used in clinical
trials in the field, this latter definition is supported by the
current KDIGO guidelines [21].
Laboratory sampling and determinations
Blood samples for SCr determination were harvested from
a peripheral vein during the 24 hour period before and
between 48 and 96 hours after PCP (heparinised sampling
tube). SCr was measured as routine, using a kinetic colorimetric assay based on the Jaffé method (Cobas 6000,
Roche Diagnostics).
Mid-stream urine specimens were taken in all patients four
to six hours after PCP for urinary analysis and peak
uNGAL determinations [15]. Urinary samples for creatinine determination were processed rapidly according to
our standard laboratory proceeding and were measured by
a kinetic colorimetric assay (Cobas 6000, Roche Diagnostics).
Urinary samples for peak uNGAL determinations were
stored at –80° immediately after drawing and up to measurement. Urinary NGAL was measured with the automated
immunoassay developed and validated by Abbott
(ARCHITECT, Abbott Dx, Abbott Park, IL) with respect
to the manufacturer’s protocol. Briefly, urine samples were
thawed to room temperature, hand-homogenised and centrifugated (3,000 rpm, 8 minutes, 20 °C). The next steps
were completely automated in the Abbot ARCHITECT
system; sample and wash buffer (saline solution containing
phosphate) are combined to create a 1:10 dilution sample.
A mixture of the pre-diluted sample, wash buffer, and paramagnetic microparticles coated with anti-NGAL antibodies
(Abbott Diagnostics Division, Abbott Laboratories, Abbott
Park, Illinois) is performed to allow the NGAL of the
sample to bind to the microparticles coated with antiNGAL antibodies. After a wash-out cycle, acridinium-labelled anti-NGAL antibodies (Abbott Diagnostics Division, Abbott Laboratories, Abbott Park, Illinois) are added.
Following another wash-out cycle, pre-trigger (hydrogen
peroxide) and trigger (sodium hydroxide) solutions are added, and the resulting chemiluminescent reaction is measured as relative light units. Concentration of uNGAL is finally retrieved from the manufacturer’s correlation curve
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[23]. Normal upper limit for uNGAL in healthy volunteers
is 132 ng/ml (95 th percentile) with this assay [23]. Coefficient of variation for this automated assay has been reported to be ≤5% and sensitivity (uNGAL concentration corresponding to a coefficient of variation of 20%) was found
to be <2 ng/ml [17].
Clinical definitions
Estimated glomerular filtration rate (eGFR) was calculated
with the Cockcroft-Gault formula [24]. The predicted risk
of CI-AKI development was calculated according to the
“simple risk score” by Mehran et al. [25]. We defined urgent PCP as a PCP performed within twelve hours of emergent presentation. Diabetes mellitus was defined according
to the WHO [26]. Hypercholesterolaemia was defined according to the Adult Treatment Panel III [27], and arterial
hypertension according to the 7 th report of the Joint National Committee (JNC-VII) [28]. Heart failure was classified as being either present or absent according to the
clinical definition of the New York Heart Association [29].
Obesity was considered a body-mass index of ≥30 kg/m2
[30].

tients underwent a percutaneous coronary intervention,
with a median of 2 [1–2] stents implanted per procedure.
The median volume of CM used per procedure was 122
[88–168] ml – corresponding on average to 43 [31–59]
grams of iodine – and 40 patients (16.4%) received >200
ml of CM. Almost twice the CM volume was used in therapeutic compared to diagnostic procedures (180 [139–220]
ml vs 95 [80–130] ml; p <0.001). The exact distribution of
CM volume used in diagnostic and therapeutic procedures
is depicted in figure 2. As expected, due to our preventive
measures, a lower CM volume per procedure was used in
patients with baseline SCr ≥130 µmol/l compared to those
with SCr <130 µmol/l (95 [73–124] ml vs 130 [88–170] ml,
respectively; p = 0.05).
Table 1: Baseline clinical and biological characteristics in patients
undergoing PCP. Data are presented as median [interquartile range]
or number of patients (%). BMI = body mass index; CI-AKI =
contrast-induced acute kidney injury; CVD = cardiovascular disease;
eGFR = estimated glomerular filtration rate; SCr = serum creatinine.
Patients (n = 244)
Age (years)
Age >75 years

66.6 [59.5–74.7]
59 (24%)

Female

73 (30%)

Statistical analysis
Continuous variables are expressed as a median with interquartile range [IQR] and analysed with the Mann-Whitney test. Categorical variables are expressed as counts with
percentage (%) and differences assessed by Pearson’s chisquare test. Analyses were performed with SPSS 18.0 software (SPSS Inc, Chicago, IL, USA). No adjustments are
made for multiple comparisons. All tests are two-sided
and differences are considered statistically significant at pvalue ≤0.05.

Body mass index (kg/m2)
Obesity (BMI ≥30 kg/m2)

28.3 [25.1–30.9]
86 (35%)

Arterial hypertension

179 (73%)

Diabetes mellitus

50 (21%)

Hypercholesterolemia

140 (57%)

Family history of CVD

115 (47%)

Smoking, past & current

132 (54%)

Known coronary heart disease

111 (46%)

Heart failure

68 (28%)

Left ventricular ejection fraction (%)
≤50%
≤35%

62 [50–70]
63 (26%)
22 (10%)

Results

Baseline SCr (µmol/l)
Baseline SCr ≥130 µmol/l (max. 197 µmol/l)

79.6 [70.7–97.2]
9 (4%)

Baseline eGFR (ml/min)
≤30 ml/min
>30–60 ml/min
>60–120 ml/min
>120 ml/min

86.5 [66.1–114.6]
1 (0.4%)
39 (16%)
155 (64%)
49 (20%)

Mehran’s CI-AKI risk score [25]
Low risk (≤5 points)
Intermediate risk (6–10 points)
High risk (≥11 points)

4.0 [2.0–7.0]
155 (64%)
63 (26%)
26 (11%)

Patients and procedural characteristics
Figure 1 depicts the flow chart of the study. During the
inclusion period, 387 patients underwent PCP at our institution. Of these, 45 patients were lost due to off-hour
procedures or urgent transfer for surgery, 31 patients refused participation in the study, and 67 initially included
patients were excluded from analysis due to missing urine
or blood samples (principally secondary to missed followup appointments). The remaining 244 patients constitute
the study population.
Relevant baseline characteristics of the 244 patients are
summarised in table 1. Median age was 66.6 [59.5–74.7]
years and 171 (70%) patients were male. The majority of
our patients (n = 155, 64%) were at low risk for CI-AKI,
with an average Mehran risk score of four [2–7] points. The
median baseline eGFR was 86.5 [66.1–114.6] ml/min, with
40 (16.4%) patients having an eGFR ≤60 ml/min (table 1).
The median baseline SCr level was 79.6 [70.7–97.2] µmol/
l, with nine (4%) patients having baseline SCr ranging from
130 to a maximum of 197 µmol/l.
Procedural characteristics are summarised in table 2. In
addition to coronary angiography, 204 (84%) patients underwent levography and 10 (4%) had other additional angiographic diagnostic procedures. Ninety-five (39%) pa-
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Figure 1
Study flowchart. uNGAL = urinary neutrophil gelatinase-associated
lipocalin.

Page 3 of 10

Original article

Swiss Med Wkly. 2013;143:w13853

Evaluation of uNGAL for the early detection of CIAKI
Twenty-five (10%) patients developed CI-AKI according
to the classical diagnostic criteria (≥25% increase in SCr
from baseline), whereas only eight (3.3%) patients fulfilled
the AKIN definition classification. No patient in our cohort
needed renal replacement therapy.
The median post-PCP uNGAL level was 7.7 [4.0–14.5] ng/
ml and was significantly higher in patients with baseline
eGFR ≤60 ml/min when compared to the other patients
(12.1 [5.1–41.0] vs 7.3 [3.8–13.3] ng/ml; p = 0.003). As
illustrated in figure 3, three patients (1.2%) had uNGAL
levels higher than the normal range of the used assay (>132
ng/ml), none of them developed CI-AKI.
When considering the classical definition of CI-AKI, the
uNGAL levels did not differ significantly between the 25
patients with CI-AKI and those without (6.4 [3.4–10.4] vs
8.2 [4.1–15.1] p = 0.2). A subgroup analysis with stratification according to Mehran risk score or to baseline renal
function (eGFR ≤60 or >60 ml/min) did not show any
significant difference either. Similarly, when considering
AKIN criteria for CI-AKI definition, there was no difference in uNGAL levels between the eight patients developing CI-AKI and those who did not (8.6 [6.7–11.3] vs 7.5
[4.0–14.6] ng/ml, p = 0.70).
It should be emphasised that the data presented are absolute
uNGAL values. However, using uNGAL-to-creatininuria
ratios instead had no significant impact on the results, with
no difference in the ratios between patients with and
without CI-AKI (classical criteria: 1.5 [0.7–4.5] vs 1.8
[0.9–3.4], p = 0.6; AKIN stage 1: 1.8 [0.9–3.4] vs 3.0
[0.9–5.8], p = 0.4).
Evaluation of the correlation between uNGAL and the
CM amount
As shown in table 2, the median volume of CM used per
procedure was 122 [88–168] ml. The overall median CM
amount-to-baseline eGFR ratio was 1.5 [1.0–2.2] and, as
expected, was significantly higher in patients with baseline
eGFR ≤60 ml/min compared to the others (2.6 [1.9–3.1] vs
1.4 [0.9–1.9]; p <0.001).

As illustrated in figure 3, there was no significant correlation between the amount of CM used during the procedure
and the uNGAL levels (Spearman correlation –0.11). Similarly, there was also no relationship between CM amountto-baseline eGFR ratios and uNGAL levels (Spearman correlation 0.07). The absences of any significant correlation
remained even after stratification according to the Mehran
risk-score.

Discussion
During the last decades, the number of radiologic and angiographic exams using CM has steadily increased. As
most exams are performed on an outpatient basis, followup SCr measurements are only occasionally performed.
Therefore, most episodes of CI-AKI might be missed.
Since CI-AKI worsens renal but also overall prognosis [3,
4, 6, 31], even in patients with normal baseline renal function [3–5], new biomarkers allowing for early detection of
CI-AKI even in ambulatory patients are eagerly awaited.
We investigated whether the most promising biomarker,
namely uNGAL, might answer this need in the daily cathTable 2: Procedural characteristics in patients undergoing PCP. Data
are presented as median [interquartile range] or number of patients
(%). CM = contrast medium; eGFR = estimated glomerular filtration
rate; PCP = percutaneous coronary procedure.
Patients (n = 244)
Urgent PCP

44 (18%)

PCP with intervention
Number of stents/intervention

95 (39%)
2 [1–2]

Levography

204 (84%)

CM volume (ml)
≤50 ml
>50–100 ml
>100–200 ml
>200 ml

122 [88–168]
8 (3.3%)
86 (35.2%)
110 (45.1%)
40 (16.4%)

CM volume – to – eGFR ratio
– in patients with eGFR ≤60 ml/min.

1.5 [1.0–2.2]
2.6 [1.9–3.1]

Figure 3

Figure 2
Distribution of the volume of contrast medium used for diagnostic
(white areas) and for therapeutic (dashed areas) percutaneous
coronary procedures.
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Relationship between the volume of contrast medium used and the
post-PCP uNGAL levels in patients without CI-AKI (white disk), and
with CI-AKI defined by the classical criteria (grey triangle) or by the
AKIN criteria (black diamond) (normal uNGAL range ≤132 ng/ml).
CI-AKI = contrast-induced acute kidney injury; PCP = percutaneous
coronary procedure; uNGAL = urinary neutrophil gelatinaseassociated lipocalin.
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lab practice, in which most exams are done in outpatients
at low-risk for CI-AKI.
The main findings of our trial are that: (1) CI-AKI occurred
in 3% to 10% of patients undergoing PCP depending on the
definition used. uNGAL levels measured four to six hours
after coronary angiography did not predict its occurrence,
even in the subanalysis focusing on patients with higher
Mehran’s risk scores, or lower baseline eGFR (≤60 ml/
min). (2) there was no correlation between uNGAL levels
and the amount of CM.
Our results clearly show that the incidence of CI-AKI
largely depends on the definition considered. It outlines
that the AKIN criteria are less sensitive to detect CI-AKI
than the classical definition used in the literature. According to this latter definition, a 10% incidence of CI-AKI in
our unselected cohort is in accordance to comparable previous trials [8]. The relatively low renal toxicity following PCP is reflected by the fact that only 8 of 244 patients (3%) fulfilled the more restrictive AKIN definition
and none needed renal replacement therapy. This good outcome might be due to the systematic use of preventive
measures already implemented at our institution [8]. In
that view, it should be noted that modern angiographic
equipment allows the performance of PCP with a lower
CM-amount than previously. Accordingly, the median CMamount used in the present study (122 ml) is much lower
than the amounts reported in previously published works in
the years 2003–2008 (180 ml) [6], and in 1994–2000 (256
ml) [5].
The available literature addressing uNGAL in invasive cardiology brings confusing conclusions about its predictive
power for the early diagnosis of CI-AKI following PCP. To
date, six studies using various ELISA assays focused on
the importance of uNGAL after PCP in adults [10, 32–36].
Most trials included a limited number of patients (ranging from 25 to 60) with normal SCr values [10, 32–35],
and none reported any subanalysis focusing on patients
with decreased eGFR (≤60 ml/min). Five studies were performed using a dedicated ELISA kit (Antibodyshop,
Gentofte, Denmark) at the Medical University of Bialystok, Poland, and reported the kinetic of uNGAL levels before and 2, 4, 8 (or 12), 24 and 48 hours after PCP [10,
32–34, 36]. The results of these five studies showed that
uNGAL level significantly increases at four hours compared to baseline and peaks between four and eight hours
post-PCP. Interestingly, SCr remained stable in three of
their five studies (86 cumulated patients) with no patient
fulfilling the usual diagnostic criteria for CI-AKI [10, 32,
33], while the baseline uNGAL levels (8–12 ng/ml) increased on average 2–3 times at four hours after PCP (up to
16–25 ng/ml). This latter suggests that increases in uNGAL
do not necessarily parallel SCr or the occurrence of CIAKI. Consistently, and based on the two largest studies
from this research group (200 patients included) [34, 36]
and on the results of Ling et al., [35] a relative increase
in uNGAL was associated with a rather low sensitivity
and specificity to predict CI-AKI in adult patients. Contrary to this, the only trial published so far, focusing on
this issue in children, reports a very good diagnostic accuracy for uNGAL: Hirsch and colleagues used uNGAL
(measured with a self-generated ELISA assay) to detect
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CI-AKI in 91 children with congenital heart disease undergoing cardiac angiography. In children without CI-AKI,
uNGAL levels remained unchanged up to six hours after
PCP (10–18 ng/ml). Contrasted with the children developing CI-AKI, uNGAL levels increased rapidly and significantly from 17.7 ± 6.8 ng/ml before angiography to 135 ±
32 ng/ml at two hours and even 172 ± 30 ng/ml at six hours
after PCP (p <0.001). Using a cut-off for uNGAL of ≥100
ng/ml, when measured at six hours after PCP, the ROC analysis yielded good sensitivity (90%) and specificity (99%)
for predicting CI-AKI (AUC 0.97) [37].
Taken together, the above mentioned results suggest that
the kinetic of uNGAL in cases of CI-AKI differ greatly
between children and adults, and may indicate that the kidneys react differently in children compared to adults in
cases of CM-mediated toxicity. In this view, the results
from our relatively large cohort of adult patients show that
a single measurement of uNGAL is unfortunately not useful for an early detection of CI-AKI in unselected adults
undergoing coronary angiography.
Since the amount of CM correlates with tubular toxicity
and uNGAL is a marker of acute tubular injury, we hypothesised that these two parameters may correlate. However
and in accordance to two previous studies [32, 33], our data
clearly indicate that uNGAL is not related to the amount
of CM. This was the case for the overall population, as
in patients developing CI-AKI. It is important to note that
uNGAL levels were low. Only three patients had uNGAL
levels greater then the normal upper limit of the assay
(>132 ng/ml). Interestingly, from these patients, none developed CI-AKI. In light of this, it has been suggested that an
isolated elevation in uNGAL without concurrent changes
in SCr might indicate the occurrence of a kidney damage
not severe enough to affect glomerular filtration [16], and
Haase et al. have already demonstrated an increased risk
of adverse outcomes in patients with “subclinical” CI-AKI
[2]. Clearly, upcoming studies should continue to address
the prognostic value of renal tubular biomarker.
The strengths of our study are its prospective design and
its relatively large size (n = 244) in comparison to previous
trials addressing the role of uNGAL following PCP, the
largest of which matched 70 diabetic patients with 70 sexand age-matched non-diabetic patients [36]. Conversely,
one must consider several limitations when interpreting the
results of this study. First, it is a single-centre study. Second, our patients had no uNGAL level measurements before PCP. However, as all patients with CI-AKI already had
very low post-PCP uNGAL levels, pre-procedural uNGAL
measurements would most likely have failed to provide
further relevant information. Third, the majority of patients
in our cohort had a low-risk profile for CI-AKI. Therefore,
our results may not apply to patients with increased risk
factors for development of contrast-induced nephropathy.
Accordingly, we feel that further studies concerning the
early detection of CI-AKI should focus on selected groups
of patients at higher risk for renal toxicity following PCP,
as well as on the use of biomarker panels including uNGAL
together with other promising early renal biomarkers such
as kidney injury molecule 1 (KIM-1), interleukin 18
(IL-18) or Cystatin-C.
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Conclusion
Although uNGAL may be a sensitive biomarker for AKI in
the emergency department [38], after cardiac surgery [39,
40], as well as in pediatric patients undergoing PCP [37],
the results of the present study do not support the use of
post-PCP urinary NGAL measurement for the early detection of contrast-induced acute kidney injury in unselected
adult patients undergoing coronary angiography.
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Figures (large format)

Figure 1
Study flowchart. uNGAL = urinary neutrophil gelatinase-associated lipocalin.
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Figure 2
Distribution of the volume of contrast medium used for diagnostic (white areas) and for therapeutic (dashed areas) percutaneous coronary
procedures.
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Figure 3
Relationship between the volume of contrast medium used and the post-PCP uNGAL levels in patients without CI-AKI (white disk), and with CIAKI defined by the classical criteria (grey triangle) or by the AKIN criteria (black diamond) (normal uNGAL range ≤132 ng/ml). CI-AKI = contrastinduced acute kidney injury; PCP = percutaneous coronary procedure; uNGAL = urinary neutrophil gelatinase-associated lipocalin.
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