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Background: Acute kidney injury (AKI) is a common complication in patients undergoing open cardiac surgery. Urinary
neutrophil gelatinase-associated lipocalin (UNGAL) is an early marker of AKI, however, its predictive value in adult patients
undergoing open cardiac surgery has never been investigated in Thailand.

Objective: The present study aimed to determine the cut-off level of UNGAL for predicting AKI in adult patients undergoing
open cardiac surgery and also to determine the risk factors for AKI development.

Material and Method: In all, 130 patients at Rajavithi Hospital were prospectively enrolled during a six-month period.
UNGAL was obtained at baseline before surgery, and at 0, 3, and 6 hours after surgery and assessed by ARCHITECT NGAL
assay. Serum creatinine levels were measured at baseline before surgery simultaneously for the collection of UNGAL and then
daily after surgery. AKI was defined as an increment in serum creatinine of >0.3 mg/dl within 48 hours according to the Acute
Kidney Injury network (AKIN) criteria.

Results: Forty-six patients (35.4%) developed AKI, and 80.4% of these patients had the onset of AKI within the first 6 hours
after surgery. In this group, UNGAL increased significantly at 0, 3, and 6 hours after surgery compared with patients without
AKI. UNGAL at 3 hours after surgery was the best time-point for predicting AKI. The cut-off value was >11.3 ng/ml with the
sensitivity and specificity of 72% and 60%, respectively. By univariate analysis, older age, lower ejection fraction, impaired
baseline renal function and longer cardiopulmonary bypass (CPB) time were clinical factors associated with AKI. However,
by multivariate analysis, only lower ejection fraction and longer CPB time were associated with AKI.

Conclusion: UNGAL level may be a useful marker for predicting AKI in Thai adult patients undergoing open cardiac
surgery. Lower ejection fraction and longer CPB time were two major risk factors for AKI development.
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Acute kidney injury (AKI) is a major
postoperative complication and may occur in up to
30% of patients undergoing open cardiac surgery®
and 1-5% of patients who develop severe AKI require
dialysis. The prognosis of these patients is particularly
poor because the mortality risk in these patients
increases by approximately 40%, compared with the
overall mortality after cardiac surgery, which ranges
between 2-8%%®. It is commonly reported that the
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routine use of serum creatinine elevation for monitoring
the renal function change is a late indicator of renal
dysfunction, because of a delay of serum creatinine
rising up to 48-72 hours behind the decrement of
glomerular filtration rate after the surgery®. Recently,
newer biomarkers appear to be promising for the early
diagnosis of AKI, including cystatin C, interleukin-18,
kidney injury molecule-1 (KIM-1) and neutrophil
gelatinase-associated lipocalin (NGAL). Human NGAL
is a protein covalently bound to gelatinase from
neutrophils. This protein is rapidly upregulated and
expressed in response to ischemic or nephrotoxic
injury®, These properties of NGAL explain the
increasing enthusiasm to establish it as an early
biomarker of AKI and it has been shown to be one of
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the most promising markers across a range of different
clinical settings of AKI. Astudy in patients undergoing
heart surgery to compare the role of plasma NGAL
(PNGAL) and urinary NGAL (UNGAL) on early
detection of AKI found that UNGAL was superior to
PNGAL®. In addition, due to its origin from renal
tubules, UNGAL might be of a higher predictive value
compared with PNGAL originating mostly from
neutrophils, liver and renal epithelial cells®. As a result,
UNGAL is more widely used for the diagnosis of AKI.
However, conflicting observations have been reported
concerning the cut-off level of UNGAL level to predict
AKI development. A clear cut-off concentration to
detect AKI has not yet been reported. Therefore, the
purpose of the present study was to determine the cut-
off point of UNGAL to predict AKI in Thai patients
undergoing open cardiac surgery, and additionally, to
evaluate the risk factors that influence the development
of AKI.

Material and Method
Patients

A prospective, diagnostic test study was
conducted over a period of 6 months (June to
November 2010) in adult patients undergoing open
cardiac surgery at Rajavithi Hospital (Bangkok,
Thailand). Adult cardiac surgical patients were
consecutively recruited into the study using the
following inclusion criteria: (1) age >18 years; (2)
patients who underwent cardiac surgery necessitating
the use of cardiopulmonary bypass (CPB). Patients
were excluded when any of the following criteria was
met (1) preexisting renal dysfunction with baseline
serum creatinine >3 mg/dl; (2) kidney transplant patients
(3) history of using potential nephrotoxic agents, e.g.,
aminoglycoside, nonsteroidal anti-inflammatory agent,
radiocontrast agent within two weeks before surgery
(3) patients with sepsis and (4) patients undergoing
emergency operation (<24 hours after admission).

Written informed consent was obtained from
all patients. They received verbal and written
descriptions of the study protocol. The present study
protocol was reviewed and approved by the Ethics
Committee of Rajavithi Hospital.

Methods

The clinical data were obtained from the
patients’ history and medical records. Physical
examination was also taken in all patients. The baseline
blood and urine samples were collected one day before
operation for complete blood count, blood urea
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nitrogen (BUN), serum creatinine, electrolytes and
urinary NGAL (UNGAL). The UNGAL was measured
with the ARCHITECT NGAL assay (Abbott
Diagnostics, USA) on urine sample®. All patients
received an open cardiac surgery with CPB. Thereafter,
the urine samples for UNGAL were collected
consecutively at 0, 3, and 6 hours after surgery. The
blood samples were also collected for serum creatinine
at 0, 3 and 6 hours; twice daily during the first two
postoperative days; then once daily during days 3to 7
postoperative.

Acute kidney injury (AKI) was defined as an
increment of serum creatinine of higher than or equal
to 0.3 mg/dl within 48 hours, according to the Acute
Kidney Injury Network (AKIN) criteria® compared with
the baseline level.

Statistical analysis

Sample size estimation® was calculated based
on sensitivity of UNGAL reported by Parikh et al® and
the reported prevalence of AKI (up to 30%) in patients
undergoing open cardiac surgery®. With the estimated
sensitivity of 90% and 95% CI of 90+10%, a sample of
130 subjects was required in the present study.

Continuous variables with normal and non-
normal distribution were reported as mean + SD or
median (P, P,.) respectively. Unpaired t-test or Mann-
Whitney U test was employed to test the difference
in quantitative variables between patients with and
without AKI whereas Chi-squared test or Fisher’s exact
test was used for qualitative variables. The diagnostic
value of UNGAL to predict AKI after cardiac surgery
was analyzed using receiver-operating characteristic
(ROC) curve, area under ROC (AUC-ROC), sensitivity
and specificity. Logistic regression was employed to
determine factors associated with AKI development.

A p-value of less than or equal to 0.05 was
considered statistical significance. SPSS 17 was used
for all statistical analyses.

Results
Patient characteristics

During the six-month prospective study,
130 patients undergoing open cardiac surgery with
cardiopulmonary bypass at the Division of Cardio-
vascular-thoracic Surgery, Rajavithi Hospital (Bangkok,
Thailand) with a mean age of 51.0+15.6 years (58.5%
male) met the enrollment criteria and agreed to participate
in the present study. The demographic characteristics
of cardiac patients are presented in Table 1. The body
mass index (BMI) was 22.5+4.2 kg/m?, and a majority of
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Table 1. Baseline characteristics of patients undergoing open-cardiac surgery (n = 130)

Characteristic

n (%) or mean + SD

Male: female
Age (years), mean + SD
BMI (kg/m?), mean + SD
Diabetes mellitus
Dyslipidemia
Hypertension
Coronary heart disease
Valvular heart disease
Ejection fraction (%), mean + SD
Previous myocardial infarction
Hx congestive heart failure
Hx previous cardiac surgery
Systolic blood pressure (mmHg), mean + SD
Diastolic blood pressure (mmHg), mean + SD
Plasma BUN (mg/dl), mean + SD
Plasma Cr (mg/dl), mean + SD
Estimate GFR (ml/min/1.732), mean + SD
NYHA classification
Class 1
Class 2
Class 3
Class 4
Hematocrit (%), mean + SD
Hemoglobin (g/dl), mean + SD

76:54 (58.5:41.5)
51.1+15.6
22.50+4.20
21 (16.2)
9(6.9)

43 (33.1)
38(29.2)
82 (63.1)
57.2+13.0
40 (30.8)
54 (35.8)

6 (4.62)
115.5+18.0
68.7+17.2
15.3+5.3
1.0+0.3
74.1425.9

5(3.8)
73 (56.2)
48 (36.9)
4(3.1)
39.5+5.4
12.9+1.9

patients (55.4%) were within normal range. The most
common comorbid disease was hypertension (33.1%)
followed by diabetes (16.2%) and dyslipidemia (6.9%).
The most common cause of heart disease was valvular
heart disease (63.1%) followed by coronary heart
disease (29.2%). The average ejection fraction (EF) was
57.23+12.96%. Most patients (56.2%) had cardiac status
in NYHA class 2. The estimated glomerular filtration
rate (eGFR) before surgery was 74.1+25.9 ml/min/1.73
m2. The baseline BUN and serum creatinine levels were
15.3+5.3 and 1.0+0.3 mg/dl, respectively. The most
common surgical procedure was valve surgery 56.9%
followed by coronary artery bypass grafting (CABG)
surgery, 28.5%, combined CABG and valve surgery,
1.5% and the remaining for other surgeries.

Predictive value of UNGAL for AKI

Inall, 46 patients (35.4%) developed in hospital
AKI according to the AKIN criteria (Fig. 1). Of these
46 patients, 37 patients (80.4%) had onset of AKI within
the first 6 hours as the following: 21.7%, 30.4%, 28.3%
at 0, 3, 6 hours postoperative, respectively. The serum
creatinine in patients with and without AKI immediately
postoperative were 1.13+0.25 and 0.86+0.24 mg/dl,
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Fig. 1  Onset of AKI in 46 patients who developed

inhospital AKI.

respectively (p<0.001) and reached their peak levels at
6 hours in both groups (1.35+0.43 vs. 0.97+0.26 mg/dl,
p<0.001), then decreased to 1.15+0.74 and 0.81+0.29
mg/dl, respectively (p = 0.005) on day 7.

Fig. 2 compares the UNGAL levels between
patients with and without AKI. No significant difference
was found in baseline UNGAL levels between both
groups (11.4 [IQR 25.4-3.0] vs. 10.0 [IQR 20.7-3.9] ng/
ml). However, the median postoperative UNGAL levels
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were significantly different at 0 hours (11.0 [IQR 26.6-
4.9]vs.4.1[IQR 11.4-2.1] ng/ml, p=0.022), 3 hours (19.3
[IQR 46.3-9.7] vs. 8.6 [IQR 21.8-4.4] ng/ml, p<0.001)
and 6 hours (20.8 [IQR 84.6-9.8] vs. 15 [IQR 40.1-6.7]
ng/ml, p<0.001).

On the basis of receiver-operating
characteristic (ROC) analysis, the area under the curve
for ROC (AUC-ROC) of UNGAL (Table 2) at0, 3,and 6
hours postoperative were 0.68, 0.69 and 0.62,
respectively. Fig. 3 displays the ROC curve showing
the optimal UNGAL cut-off at 3 hours postoperative
was >11.3 ng/ml, with AUC of 0.69 (95% CI 0.60-0.79,
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Fig.2  Comparison of UNGAL between patients with

and without AKI.

p<0.001) and with a sensitivity of 72% and specificity
of 60%.

Risk factors for AKI
The result of univariate analysis (Table 3) by
comparing variables considered likely to be significantly
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Fig. 3  Receiver-operating characteristic (ROC) curve for

prediction of AKI by UNGAL.

Table 2. Area under the curve (AUC) of UNGAL at 0, 3, and 6 hours postoperative

Postoperative (hours) Area under ROC curve Cut-off level Sensitivity Specificity
(ng/ml) (%) (%)
Area (95% CI) p-value
0 0.68 (0.58, 0.77) 0.001 >6.4 63 63
3 0.69 (0.60, 0.79) <0.001 >11.3 72 60
6 0.62 (0.52,0.72) 0.022 >18.2 59 50
Table 3. Univariate analysis of vatiables associated with AKI development
Variable Mean + SD or n (%) Crude OR p-value
(95% CI)
With AKI Without AKI
(n = 46) (n=84)

Age (years) 55.3+15.0 48.8+15.5 0.020
Ejection fraction (%) 52.97+12.3 59.56+12.8 0.005
Baseline serum creatinine (mg/dl) 1.0+0.3 0.9+0.3 0.043
Cardiopulmonary bypass time (min)

<60 6 (31.6) 13 (68.4) 1

60-119 21(30.9) 47 (59.1) 0.97 (0.32, 2.90) 0.954

120-179 15 (42.9) 20 (57.1) 1.62 (0.50, 5.27) 0.419

>180 4 (50.0) 4 (50.0) 2.17 (0.40, 11.74) 0.370
J Med Assoc Thai Vol. 97 Suppl. 11 2014 S51



associated with the risk of developing AKI between
patients with and without AKI, showed four significant
factors: older age, low pre-operative ejection fraction,
pre-existing renal dysfunction and long CPB time. By
multivariate analysis (Table 4), only two variables
remained significant: ejection fraction (p =0.011) and
CPB time (p=0.047). A10% decrease in ejection fraction
was related to odd ratio (OR) of 1.50 and 10 minutes
increase in the CPB time was related to OR of 1.06 for
risk of AKI development.

Subanalysis of CPB time on AKI development
categoried the CPB time into four groups: <60 min (n =
19), 60-119 min (n =68), 120-179 min (n = 35), and >180
min (n = 8), the numbers of patients who developed
AKI in each group were 6 (31.6%, OR = 1), 21 (30.9%,
OR=0.97,p=0.954), 15 (42.9%, OR = 1.62, p =0.419)
and 4 (50.0%, OR =2.17, p =0.370), respectively (Table
3).

Discussion

Rajavithi Hospital is one of the medical school
hospitals in Thailand that perform a large number of
open cardiac surgeries each year. Regarding the
previous study of this institute in 1999, 9.3% of patients
developed acute kidney injury from 207 patients who
received open cardiac surgery in four months®?, In the
present study, using AKIN criteria, the incidence of
AKI in patients undergoing open cardiac surgery was
35.4% apparently much higher than previously
reported. One of the reasons is possibly due to the
different diagnostic criteria that were used. The acute
rising of serum creatinine >0.3 mg/dl by the AKIN
criteria is widely used to diagnose AKI nowadays, and
may be more sensitive with an influence on the higher
incidence. However, the incidence of AKI in the present
study is still close to the reported incidence that varies
from 20% to 50% depending on the definition of AKI®,
It appears that pre-operative, intra-operative and
postoperative factors are critically related to the
development of AKI®. The important pre-operative
factors include advanced age, pre-existing renal

dysfunction (eGFR <50 ml/min), high body mass index
(BMI >40 kg/m?), history of recent myocardial infarction,
severe valvular disease, cardiogenic shock and
inotropic support. Patients with diabetes and wide pulse
pressure hypertension are also significant predictors
of AKI. In the present study, although a significant
numbers of patients had a history of previous
myocardial infarction and congestive heart failure, most
patients (56.2%) were classified in NYHA class 2 and
had a fair average ejection fraction of 57.2+13.0%. Peri-
operative and intra-operative factors that have
important impact on renal function include the use of a
CPB machine and hemodilution. The kidneys are very
susceptible to injury during CPB because up to 30% of
patients undergoing CPB develop acute kidney
injury®, The nature of nonpulsatile flow during CPB
is thought to be an important etiologic factor, resulting
in renal vasoconstriction and ischemic renal injury. The
duration of CPB use is strictly associated with the onset
and the severity of systemic inflammatory response
syndrome. CPB activates the complement cascade,
increases several cytokines and induces the production
of oxygen free radicals. These inflammatory mediators
lead to leukocyte extravasation and edema, and finally
causing renal injury®.,

Some of the mentioned risk factors for AKI
development were confirmed by the present study. By
univariate analysis, variables found to be significantly
associated with risk of developing AKI included older
age, low pre-operative ejection fraction, pre-existing
renal dysfunction and long CPB time. However, the
only two variables that remained significant, by
multivariate analysis were ejection fraction and CPB
time. The duration of CPB time also had a trend to be
positively correlated with the percentage of patients
who developed AKI.

AKI is a frequent postoperative complication
in patients undergoing open cardiac surgery and
possibly associated with substantial morbidity and
mortality. Because of the limited usefulness of serum
creatinine change for the early diagnosis of AKI,

Table 4. Multivariate analysis of risk factors for development of AKI

Factor b SE(b) Adjusted OR (95% CI) p-value
Age (years) 0.023 0.014 1.02 (1.00, 1.05) 0.090
Ejection fraction (%) -0.040 0.016 0.96 (0.93, 0.99) 0.011
Serum creatinine (mg/dl) 0.805 0.727 2.24 (0.54, 9.30) 0.269
Cardiopulmonary bypass time (min) 0.009 0.005 1.01 (1.00, 1.02) 0.047

SE = standard error
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UNGAL has been investigated extensively and appears
to be one of the most promising early biomarkers of
AKI. In spite of this, with accumulating evidence, a
wide range of predictive values of UNGAL for AKI
vary from 50 to 550 ng/ml©31%, Bennett et al® reported
a significant increase of UNGAL within two hours and
reaching its peak within four to six hours; hence the
authors decided to collect UNGAL only during the first
six hours after surgery. Although the UNGAL levels in
the present study were lower than those previously
reported; however, the baseline levels of UNGAL
in patients with/without AKI were found to be
comparable. The UNGAL levels in patients with AKI
were significantly higher than in those patients without
AKI from immediately postoperative to six hours
after surgery. Interestingly, the UNGAL levels at hour
0 postoperative were lower than their baseline levels in
both groups. This may be explained by the hemodilution
effect during the surgical procedure. Mild elevation of
UNGAL at six hours in patients without AKI might
indicate renal stress and also represents a response to
systemic inflammation®® without subsequent
creatinine increase.

On the basis of the AUC-ROC analysis,
representing the diagnostic value of UNGAL to predict
AKI after cardiac surgery, the highest AUC was 0.69 at
3 hours after surgery, which gave a cut-off value for
AKI prediction of >11.3 ng/ml, with sensitivity of 72%
and specificity of 60%. Nonetheless, a wide range of
results in predictive performance for UNGAL have
currently been reported. NGAL has been reported to
represent an early and highly specific biomarker for
AKI in several studies in pediatric cardiac surgery with
an AUC-ROC >0.9¢1%, Conversely, more recent
prospective clinical studies found a low predictive
value of early NGAL for AKI after adult cardiac
surgery, with an AUC-ROC <0.7¢3!), The cut-off
value of UNGAL in the present study might be relatively
low compared with previous reports; however, the AUC
value still represented a fair predictive performance.
Therefore, UNGAL may be a useful marker to predict
AKI in patients undergoing cardiac surgery.

The present study had some limitations. The
authors wished to collect more urine samples for
UNGAL during the 48 hours after surgery; it might
give a more promising result for the predictive value of
AKI.

Conclusion

UNGAL may be a useful marker to predict AKI
in patients undergoing cardiac surgery. Using the AUC-
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ROC analysis, representing the diagnostic value of
UNGAL to predict AKI after cardiac surgery, the
highest AUC was 0.69 at 3 hours after surgery, which
gave a cut-off value for AKI prediction of >11.3 ng/ml
with a sensitivity of 72% and specificity of 60%. Lower
ejection fraction and longer CPB time were two major
risk factors for AKI development.
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