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Abstract

Background: Acute kidney injury (AKI) is a common complication after cardiac surgery and
increases morbidity and mortality. The identification of reliable biomarkers that allow earlier
diagnosis of AKI in the postoperative period may increase the success of therapeutic interventions.
Neutrophil gelatinase-associated lipocalin (NGAL) may be an early biomarker for cardiac surgery-
associated (CSA) AKI. Objective: We investigated whether increased urinary NGAL concentrations
were predictive of AKI within the early postoperative in-hospital stay.Patients and Methods: We
conducted a prospective observational study involving Y+ consecutive adults patients undergoing
cardiac surgery. Patients with pre-existing chronic renal failure requiring dialysis were excluded.
Urinary NGAL was measured from urinary samples obtained preoperatively and two-hours after
surgery (Quantikine ELISA, Human Lipocalin-Y/NGAL Immunoassay). Plasma creatinine level was
determined preoperatively and daily after surgery. AKI was defined as an increase in serum creatinine
in the postoperative period by more than +.© mg/dL (+.£¢ mmol/L) from baseline, as defined by Y+ ¥
Acute Renal Failure Consensus Conference. The potential role of NGAL in predicting postoperative
AKI was analyzed with a logistic regression model.Results: Patients with AKI showed a
significant increase in total CPB time and cross-clamp time. The significant changes from
baseline in UNGAL appear within Y hours after surgery in patients with AKI while the
significant changes in other renal function tests start within Y¢-¢A hours and remain
significant till the oth day after surgety. Using Receiver operating characteristic (ROC) curve
revealed a large significant area under curve (AUC) for postoperative uNGAL [-.4V for
Egyptian patients (Confidence interval: +.4Y-Y) and -.3¢ for Italian patients (Confidence
interval: +.A%-))]. Thus, uNGAL is a potent predictive test for early detection of
postoperative AKI.A threshold of Y.e ng/dL (Y°+ ng/mL) for uNGAL on ROC curve yielded
sensitivity from A+«-4Y7 and specificity from A«-Y++7. Conclusion: Urinary NGAL is a
biomarker for very early risk stratification of AKI after cardiac surgery and may be useful as a basis
for early interventional strategies to prevent CSA-AKI. It was demonstrated to be an optimal predictor
of postoperative AKI on patients who undergo cardiac surgery using cardiopulmonary bypass.
Keywords:Acute kidney injury (AKI), Cardiac surgery,Biomarkers,Neutrophil gelatinase-
associatedlipocalin(NGAL).

measures‘. In recent years, several novel
human biomarkers have been demonstrated to

Introduction
Acute Kidney injury (AKI) occurs frequently,

complicating Y+.—¢+7% of adult and pediatric
cardiac surgeries". Early prediction of
postoperative  renal injury could help
practitioners better evaluate the risk of AKI and
to initiate early interventional or precautionary

detect acute tubular injury and have shown
promise in their ability to precede and/or
complement serum creatinine in the diagnosis of
AKI™",  Several urinary proteins have been
shown to serve as biomarkers of AKI after
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cardiac surgery, including neutrophil gelatinase-
associated lipocalin (NGAL), cystatin C (CyC),
kidney injury molecule-) (KIM-Y), interleukin-
YA (IL-YA), and a-glutathione-S-transferase (a-
GST), however limited data are available
comparing the ability of these markers to predict
renal outcomes at the time of AKI diagnosis .

The aim of the present study was to evaluate the
use of urinary Neutrophil Gelatinase Associated
Lipocalin (UNGAL) as early predictor of
Cardiac Surgery Associated Acute Kidney
Injury (CSA-AKI) in adults undergoing Cardio-
Pulmonary Bypass for cardiac surgery.

Patients and Methods

A prospective comparative multicenter obser-
vational study was conducted in two settings at
cardiovascular and thoracic surgery departments
in:Egypt: Ain Shams University Hospital, Cairo
and EI-Minia University Hospital, El-Minia;
and Italy: Santa Croce Hospital, Cuneo.The
study included Y-+ adult patients (%+ from
Egypt and ¢+ from lItaly) undergoing cardiac
surgery using CPB, between Y:V: and YV,
Written informed consent was obtained from all
subjects. Patients with the following criteria
were excluded: pre-existing renal failure
requiring regular dialysis and off pump cardiac
surgery.

Patients were classified in four groups: group A:
Y+ patients from Egypt with no AKI; group B:
Y« patients from Egypt with postoperative AKI;
group C: Y- patients from ltaly with no AKI,
and group D: Y. patients from ltaly with
postoperative AKI.

AKI was defined as an increase in serum
creatinine in the postoperative period by more
than . mg/dL (+.¢¢ mmol/L) from baseline as
defined by Y« +¥ Acute Renal Failure Consensus
Conference”.

Data collection:

Demographic Data, History of Systemic
diseases as diabetes mellitus (DM), Systemic
hypertension (HTN), Peripheral vascular
diseases (PVD), Chest diseases, liver impair-
ment and Renal impairment.Cardiac condition
as Left ventricle Ejection Fraction (EF), pre-
operative Congestive heart failure, Pre-operative
Cardiogenic shock and use of pre-operative
IABP, left main coronary disease. Operative
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Data as Status (Elective, Urgent, Emergent or
salvage) and Procedure performed. Perfusion
Data as Cardio Pulmonary Bypass (CPB) time,
Cross-clamp time, Pressure during CPB
(minimum and  maximum),  Hemolysis,
Hemaodilution (Hematocrit level) , Urine output,
Balance and Method of weaning of bypass
either without support, on minimal or high dose
pharmacological support, or on Intra Aortic
Balloon Pump (IABP) support.

Sample Collection and Measurements:

Urine was collected via a urinary catheter
preoperatively and Y hours after completion of
surgery. Urine was centrifuged at Y+++g for Yo
minutes to remove any debris. Samples were
stored at — Y+ C for a maximum of )Y months
and then thawed once for assay. Urinary
Neutrophil ~ Gelatinase—Associated Lipocalin
(UNGAL) was measured by ELISA (Enzyme
linked Immuno-Sorbant Assay). The kits used
are Quantikine ELISA, Human Lipocalin-
Y/INGAL Immunoassay. Blood Urea, Serum
Creatinine and estimated Criatinine Clearance
were evaluated pre and post-operative till °th
Post-operative day. Estimated Creatinine Clear-
ance (¢ Cr CL) was calculated by
CockeroftGault (C&G) formula .

Statistical Analysis

Analysis of data was done by IBM computer
using Statistical Package for Social Science
(SPSS) version Y.+, The quantitative variables
were described as: mean * standard deviation
(SD), and the qualitative variables were
described as number and percentage. Chi-square
test was used to compare qualitative variables
between groups. Paired t-test was used to
compare dependant normally distributed
variables. Unpaired t-test was used to compare
quantitative variables in parametric data (SD
<o+7/ mean). Mann Whitney Willcoxon U test
was used instead of unpaired t-test in non-
parametric data (SD >°:7Z mean). Pearson’s
correlation was done to test for linear relations
and Correlation co-efficient test (r-value) was
used to rank different variables either positively
or inversely.

Receiver-Operating Characteristic (ROC) curve
was used to test the efficiency of different
diagnostic tests including uNGAL in predicting
acute kidney injury. In a ROC curve the true
positive rate (sensitivity) is plotted in function
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of the false positive rate ()-Specificity) for
different cut-off points of a parameter.The area
under the ROC curve (AUC) is recognized as
the measure of a diagnostic test's discriminatory
power. P value <-:.+°¢ was considered
statistically significant.

Results

Analysis of Preoperative data (Table ) revealed
a mild significant difference in mean LVEF
between group A and B, but both means were
within normal range (°9+° in group A versus
°o+A in group B, P=+.:Y). There was no
significant difference in frequency of CHF and
left main disease between both groups A &
B.Also between group C and group D there was
no significant difference in mean of EF,
frequency of CHF and left main disease.

Analysis of Operative data (Table V) revealed
that: Group B showed a significant increase in
total CPB time (%¢€.A:+£). ¢ min versus
AAREEARAA min), cross-clamp  time
(V. EY£Y Ay min versus £0.V1£YE VY min),
urine  output (AY).1EVAY A mL  versus
oYA4.YLYYY mL) and weaning of bypass using
minimal dose pharmacological support (11.V7%
versus VY.Y7) when compared to group A. Also
group D showed a significant increase in total
CPB time (Y¢Ax8)0¢  min  versus
VY. ALYV VY min) and cross-clamp time
(). EYEY Ay min versus £0.11£YEVY min)
when compared to group C. Analysis of renal
function tests and UNGAL (Table Y) revealed
that: The mean values of S.Cr. and BUN were
significantly higher and the mean values of
Cr.Cl were significantly lower in group B when
compared to group A from ' to o™ day after
surgery. The mean values of S.Cr. and BUN
were significantly higher and the mean values of
Cr.Cl were significantly lower in group D when
compared to group C from Y to ™ day after
surgery. There was no significant difference in
preoperative UNGAL while postoperative
UNGAL was significantly higher in group B
(V.¥v+£.29 ng/dL) than group A (*.3V%-.0+
ng/dL). There was no significant difference in
preoperative UNGAL while postoperative
UNGAL was significantly higher in group D
(Y.« YxV eng/dL) than group C
().Y++).YYng/dL). The significant changes from
baseline in UNGAL appear within Y hours after
surgery in patients with AKI while the
significant changes in other renal function tests
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start within Y¢-£A hours and remain significant
till the oth day after surgery.

Correlation Analysis between postoperative
eu NGAL and Renal function tests:

There was no significant correlation between
postoperative UNGAL and renal function tests
from Y* to o™ day after surgery in group A & C
(Table Y). While in group B, postoperative
UNGAL showed a significant correlation with
V' day S.Cr. (r-value=+.YV, p-value=-.-¢), Y™
day S.Cr. (r-value=-.¢+, p-value=+.+Y), ¥ day

S.Cr. (r-value=+.¢%, p-value=+.+)), ¢" day
S.Cr. (r-value=+.2%, p-value=+.-+)), " day
S.Cr. (r-value=+.t+, p-value=:.+Y), " day
BUN (r-value=-+.YA, p-value=+.-¥), ™ day

BUN (r-value=+.1°, p-value=+.+++)), ¢ day
Cr.Cl (r-value=+.£1, p-value=+.+)), and " day
Cr.Cl (r-value=-+.¢A, p-value=-.++V). While
group D, postoperative UNGAL showed a
significant correlation with ¥ day Cr.Cl (r-
value=-+.1v, p-value=+.+Y), Y™ day Cr.Cl (r-
value=-+.1¢, p-value=+.+¢) and ¥ day Cr.Cl
(r-value=-+.1Vv, p-value=+.+Y¥). There was no
significant correlation between postoperative
uNGAL and other renal function tests up to o™
day after surgery in group D.

Evaluation of predictive value of Predictors
of AKI:

The receiver operating characteristics (ROC)
curve was used to determine the predictive
value for the evaluated predictors of CSA AKI
in group B and D, through illustrating the
relation between sensitivity (True positive) and
V-specificity (False positive) for preoperative
EF, preoperative serum Cr., preoperative BUN,
preoperative UNGAL, and postoperative
UNGAL (Figs. \,Y).

In group B the area under the curve (AUC) was
<Y for EF, +.eY for serum Cr., +.©%1 for BUN,
+.oY for preoperative UNGAL, and -:.4Vv for
postoperative UNGAL. The only significant
AUC was observed with postoperative uNGAL
(P=+.+++Y), which indicates a significant high
predictive value of postoperative uNGAL than
other evaluated predictors of AKI (Table ¢). In
group D the area under the curve (AUC) was
.07 for EF, .74 for serum Cr., +.1¢ for BUN,
+.AY for preoperative uNGAL, and -.9¢ for
postoperative UNGAL. The only significant
AUC was observed with postoperative uNGAL
(P=+.+++Y), which indicates a significant high
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predictive value of postoperative uNGAL than which yielded sensitivity of 417 and specificity
other evaluated predictors of AKI (Table of V7 in group B, and yielded sensitivity of
£).Multiple cut-off points of postoperative 417 and specificity of ¥+% in group D.

UNGAL

for detection of AKI determined on ROC curves
(Table ©). The best cut-off was Y&+ ng/mL
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Table (Y): Demographic, preoperative and operative data of the studied groups

Variables Group A Group B P-value Group C Group D P-value
(n=x+) (n=¥+) A&B (n=Y+) (n=y+) C&D
Age (years) YA NTHI YA 0 W YHIY YY oA Yae£1.9) Yo outA WY 1
Sex M VE(ETVY) YA(T ) Y () ) Y
F MIGAARA] YY(E+7) £(¢47) (Y 7)
Weight (kg) BRI AT AR L EY AREESNAR Vo) Y VY LAY
Height (m) Y.lote Ve YA A < \e Y. To+e +4 Y ) CAY
BMI (kg/m") YUY€ YTYEY A NERY Yo it A YVito R
Risk factors
Smoking (Y 7) Vo (YY.Y7) YA Y(Y+7) (Y 7) Y
DM TOA) Vo (YY.YY) A £(¢47) VY (YY) < Ao
Insulin therapy Y(1.V7) £(VY.Y) % V() < 7) °(\1.VY) VeV
HTN (Y 7) YY(£7) R 1(3+7) YE(A ) 3
PVD (+7) (+7) NA (4 7) TOA) LYY
COPD «(+7) V(YY) s Y()+7) Y(YY.YY) a
Liver disease «(+7) (+7) NA Y()+7) V(YY) Ny
Cardiac condition
EF (%) o410 Y-EWN AT OVLA o) Y £y
CHF «(+7) V(YY) e (4 7) Y(V+7) RE
Left main disease «(+7) (+7) NA Y()+7) £(VY.YY) 7
Priority:
-Elective Ye(Ver7) YoV 7) NA (A7) Y. (1Y) EY
-Urgent «(+7) (+7) NA (+7) A(Y1.YT) o
-Emergent (+7) (+7) NA Y(Y+7) Y(1.Y7) CYY
Procedure:
-CABG \/(Y\‘,TZ) H(Y‘L,VX) . Yo c(c.x) v(\‘r.vz) v 0)
-Valve V(oY YY) Yo(o+7) ..V Y(Y7) VY (£47) .oV
-CABG+Valve (+7) V(YY) <. (+7) V(YY) .00
-CHD o(V1.V7) V(YY) oA (+7) V(YY) . oo
-Redo valve Y(3.Y) V(YY) .00 V() 7) V(YY) e
-Aortic «(+7) V(YY) A V() +7) Y(YY.Y7) ¥
-Traumatic (+7) (+7) NA (+7) V(YY) .00
Avrterial canula:
-Aortic V() 7) YoV ) NA Vo(Y oo 7) Yo(AY YY) A%
-Femoral (7)) <(+7) NA (+7) °o(VIVY) <1
Total CPB time (min) VY AeE¥Y VY | qE Avxey ot CYE VAN VY VT | VYA VYot o . L O
Cross-clamp time(min) £0TTLYE VY | ) £V4V A v Y AV o8 Y. OALYA T E CooayE
Minimum Pressure o) YYLV oV oY VoA YA \ TVEA YY T¢.47+4.7) Y
(mmHg)
Maximum Pressure Y1 0e47 Y Yo AY+VY V4 A Av ovt))y o1 ATAYEY VY Y
(mmHg)
Mean Hct (%) YANYLY AA YALY Yo oA Yo ok W) YV AYEE €)Y AR
Urine (mL) orq Y4YYY AVI VIV A | e eTE | Yova)Ta) YRELY Y AN cAY
Use of hemofilter (+7) (4 7) NA Y(Y7) VY(£47) Yo
Weaning of bypass:
-No support YAV V(YY.YY) R Y(Y7) (v 7) )
-Minimal dose support ¢V YY) Y. (V) aea)* Y(V+7) VI(oY.Y7) . Yo
-High dose support “(+7) Y(.V7) « e (4 7) £(VY.Y7) CYY
-1ABP support (+7) V(YY) . (+7) V(YY) Y

BMI: Body mass index. M: Male. F: Female. DM: Diabetes mellitus. HTN: Hypertension. PVVD: Peripheral

vascular disease. COPD: Chronic obstructive pulmonary disease. EF: Ejection fraction. CHF: Congestive heart
failure. CABG: Coronary artery bypass grafting. CHD: Congenital heart disease. CPB: Cardiopulmonary
bypass. IABP: Intra-aortic balloon pump. * significant difference. NA: Not appropriate
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Table (¥): Pre- and post-operative renal function tests and uNGAL of the studied groups

Variables Group A Group B P-value | GroupC Group D P-value
(n=¥+) (n=¥+) A&B (n=V+) (n=Y"+) C&D
Baseline S.Cr. YooY TY Y.oéke YO C A ALYV Y.oAL. YO AR
(mg/dL)
Baseline BUN Yo4) ¢ £4 ¥ ATEY O N Y ETNV£YE N [ EAYEVY YA «AY
(mg/dL)
Baseline Cr.Cl T A6LYYV €0 [ AY EELYA V8 A VEAGEYY VY [ Y VLYY 4 R
(mL/min)
Day)S.Cr Vo4 Y Y YYE T S CAYE YA VYV £ RS
(mg/dL)
Day‘BUN FAXY VY oV | EVATRIVEY | . YE EYHIYY. [ o0 v44V4 70 o))
(mg/dL)
Day)Cr.Cl AV VEYY Yo [ YYAVEVAAY | v v [ AY A0£Y0 e | 0T VAEYATY | ek
(mL/min)
Day Y S.Cr V)t Yo APCEZT00 I AN EENUINCR R BERIVIL E-T0R £ V.ot of [ a vea\*
(mg/dL)
Day Y BUN e YVENY KA [or At Ve [ v ey E [ EY N B Y AY [ AT Yy e [ oy
(mg/dL)
Day Y Cr.Cl AMIVEFTYY [ VeIV AY [ v vy [ vo YrE a A [ e¥ AT oY [ ee )
(mL/min)
Day ¥ S.Cr Vo940 YA YYV+e g0 [ o vy [V AYEL Y YA+ 1 [ eeeayx
(mg/dL)
Day ¥ BUN EYNAEMN Y [0 6T W e [ v e eV R [ E¥ Ve e ¥ [ AY cExYo X [ o vy x
(mg/dL)
Day ¥ Cr.Cl AO YUY LYY | 0o YYRVO Y [ o e a V% [ AYAYEY Y [ €Y 0VEVAYY | o v v V>
(mL/min)
Day ¥ S.Cr [FENR Y04+ 0Y [ v eedx ] W AE4. YR TR
(mg/dL)
Day ¢ BUN NEESNAR 410 ) oo VR AR Y YT IA AR IYEYY YO | v vV E
(mg/dL)
Day ¢ Cr.Cl VoY FPAEEY YE [ ov gepye g0 [ o v YR T ACIVEYY £ [ 0 VTN AY [ v e
(mL/min)
Day © S.Cr NERFENEE Y4 Y vy [ vt Yy Y. EAL. 09 I
(mg/dL)
Day ° BUN Yo L Y ee [Tl oetio N [ v vy [ FA N b e o [ ALYV RV [ o ce ) x
(mg/dL)
Day © Cr.Cl VAP YALEE 0T | 00 YYENYT o) | o oo V% | AA QLYY AY | €A VYEIA A0 | v v aaV*
(mL/min)
uNGAL
(ng/dL)
Preoperative V.V Eex) Yo V.0u) 2V Y V.4V VY \AREIRE )€
Postoperative <AV, 00 VIYVEE SR [ v v V* ) Vet) VY ARAEAALI EREER

UNGAL: Urinary neutrophil gelatinase—associated lipocalin. S.Cr: Serum creatinine. BUN: Blood urea nitrogen.
Cr.Cl: Creatinine clearance. *significant difference
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Table (¥): Correlation of postoperative uUNGAL with postoperative renal function tests in the studied

groups
Variables Group A (n=Y") Group B (n=Y") Group C (n=\+) Group D (n=¥+)
r-value [ p-value | r-value | p-value | r-value | p-value | r-value | p-value
Day‘S.Cr c Ao LYY CYVY N «.Yye ..Yor K BEYY
Day'BUN Cev A LYYV Y CEAY VY L v oA
Day\Cr.Cl RN Y LR K S YEY CA4 ENRYY S
Day Y S.Cr . Yyo R CENY L CYY . YYA - vV
Day Y BUN C Y ..oV CYAY Y A L « S Y BET
Day Y Cr.Cl EYY: £ - AT Y - AN CYY INEY: vtk
Day Y S.Cr YA WY v Y R YT CEEA - v A
Day ¥ BUN BN CA . yay ) Y . .ved -0 v A4
Day Y Cr.Cl T K Yt R IR CAYY ENRYY S
Day ¢ S.Cr Yot Y .04, I E Y CYAR Y VY
Day ¢ BUN CeYY BER) CEVA L - VA BELE IR Y
Day ¢ Cr.Cl - YA T - YA Cavx —eey L Vit _v oA Y
Day © S.Cr C £ . %0 Lot cooed* [y CYYY IR RV
Day © BUN v g0 Y £ CoaVx Y CY - Yo v EA
Day © Cr.Cl KL 0N - EA coeVE O e Y AL -+.00 v 8

S.Cr: Serum creatinine. BUN: Blood urea nitrogen. Cr.Cl: Creatinine clearance. *significant
correlation

Table (£):Predictive value for the evaluated predictors of AKI in the studied groups using ROC curve

Group B Group D
Predictors AUC | Significance 40/ Cl | AUC | Significance 10/ ClI
Preoperative EF Y <A LEAL VY0 +.0V Yoo V1
Preoperative serum Cr. +.oF <l YA A A vV L EV-0 )
Preoperative BUN .01 2 IR AN B AL cLE- AN
Preoperative UNGAL oV < VY IRAEERAN B < Y7 LEY-0 A
Postoperative UNGAL AV cer e VE £ AY-) .40 e VE < A4S

AUC: Area under curve. Cl: Confidence Interval. EF: Ejection fraction. Cr.: Creatinine. BUN: Blood
urea nitrogen. uNGAL.: Urinary neutrophil gelatinase-associated lipocalin. *significant predictive

value

Table (°): Sensitivity and specificity of different cut-off values of postoperative urinary neutrophil
gelatinase-associated lipocalin (UNGAL) in the studied groups using receiver operating characteristics

curve
Cut off value Group B Group D
(ng/mL) Sensitivity Specificity Sensitivity Specificity
KD IRV v a7 VT
Yo. ISV Yoo avy. AT
0. Y Y VY7 .7
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Fig. (1): ROC curves for serum creatinine and blood urea for early detection of AKI after cardiac
surgery: a) serum creatinine in group B; b) serum creatinine in group D; c) blood urea in group B; and
d) blood urea in group D
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Fig. (Y): ROC curves for preoperative and postoperative urinary NGAL for early detection
of AKI after cardiac surgery: a) preoperative urinary NGAL in group B; b) preoperative urinary
NGAL in group D; c) postoperative urinary NGAL in group B; and d) postoperative urinary NGAL in

group D
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Discussion

Both serum and urinary NGAL (UNGAL) have
been found to be reliable predictors of AKI in
cardiac surgical patients”'"'". The study of this
novel biomarker in the present study and
previous studies focused on the desirable
characteristics of clinically applicable AKI
biomarkers include: (i) they should be non-
invasive and easy to perform at the bedside or in
a standard clinical laboratory, using easily
accessible samples such as blood or urine; (ii)
they should be rapidly and reliably measurable
using standardized clinical assay platforms; (iii)
they should be sensitive to facilitate early
detection, and with a wide dynamic range and
cut-off values that allow for risk stratification;
and (iv) they should exhibit strong biomarker
performance on statistical analysis, including
accuracy testing by receiver operating charac-
teristic curves .

In the present study, the total CPB time and
cross-clamp time were significantly higher in
patients with AKI than those who did not
develop postoperative AKI. The relation of
prolonged CPB and cross-clamp times with AKI
can be is most likely results from subsequent
prolonged transient ischemia reperfusion injury
sustained by the kidney .

In the present study, the postoperative levels of
UNGAL were significantly higher in patients
with AKI than those who did not develop
postoperative AKI. The rapid increase of NGAL
in urine after AKI may be explained by a rapid
induction of NGAL messenger RNA after brief
periods of ischemia within the first few hours
peaking at about Y¢ hours post injury '°. The
significant increase of postoperative UNGAL in
patients with AKI is supported by results of
multiple recent studies in literature which
estimated the levels of UNGAL.in adult patients
with AKI after cardiac surgery ™.

In the present study, using ROC curves the
postoperative UNGAL had a significant high
predictive value of AKI with AUC of +.4V in
group B and +.%¢ in group D. The large AUC
revealed that postoperative UNGAL can be
considered as a useful diagnostic test for AKI
after cardiac surgery. These findings are
supported by the findings obtained in other
recent studies used ROC curves to estimate the
diagnostic accuracy of urinary NGAL for

Shahin et al.,

diagnosis of AKI after cardiac surgery in adult
patients """

In the present study, the best cutoff value of
UNGAL to determine the AKI after cardiac
surgery was .4 ng/dL(Y4+ ng/mL) in group B
which vyielded a sensitivity of 4717 and
specificity of 4VZ, and it was Y. ng/dL (Ye:
ng/mL) in group D which yielded a sensitivity
of 4Y7 and specificity of A+Z. In literature, there
is no fixed cutoff for UNGAL for diagnosis of
AKI using ROC curves.

In the study by Bennett et al., (Y:+A), for a
cutoff value ofY:+ ng/ml, the sensitivity was
AY7., and the specificity was 4«7 for prediction
of AKI ", In the study by Wan et al., (Y« +A) for
concentrations in urine of NGAL at Y h after
surgery, sensitivity was Y7, and specificity was
VY7 for a cutoff value of Yo+ ng/mL . In the
study by Tuladhar et al., (Y++%) setting a
threshold of Y4Y ng for urinary NGAL per
millimole creatinine yielded a sensitivity and
specificity of 4Y.YZ and YV.AZ, respectively .
The study by Munir et al.,, (Y+)Y) analysis of
urine NGAL at a cutoff value of Avng/ml
showed sensitivity of 4+.47 and specificity of
AANTL T

In addition to its diagnostic accuracy
determined in the present study and in other
studies, the study by Shaw et al., (Y:+)))
concluded that the use of urinary NGAL after
cardiac surgery appears to be cost-effective in
the early diagnosis of AKI .

The strength of the present study may be
attributed to: )) conducting the study in multi-
centers; and Y) reporting the sensitivity,
specificity and AUC for the diagnosis of AKI,
which are essential to determine the accuracy of
the biomarker.

Despite this, there are some limitations to our
study: V) relatively small sample size; Y) the
predicted cutoffs for urine NGAL may be
different from that obtained in other
populations; ¥) we did not directly calculate
glomerular filtration rate, rather using serum
creatinine which is chosen because it is
currently considered as the clinical gold
standard. However, using AKI as defined by a
change in serum creatinine sets up the
biomarker assay for lack of accuracy due to
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either false positives (true tubular injury but no
significant change in serum creatinine) or false
negatives (absence of true tubular injury, but
elevations in serum creatinine due to pre-renal
causes or any of a number of confounding
variables that haunt this measurement); ¢) the
present study did not include patients with
chronic kidney disease (CKD). This is

Shahin et al.,

kidney disease. Scand J Clin Lab Invest
Suppl. Y+ <A, YE) Ad_a¢,

Leslie JA, Meldrum KK. The role of
interleukin-YA in renal injury. J Surg Res.
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the early detection of acute kidney injury.
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