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Purpose: We examined the clinical utility of perioperative monitoring of urinary liver-type fatty 
acid binding protein (L-FABP), neutrophil gelatinase-associated lipocalin (NGAL), and albumin, 
for prediction of acute kidney injury (AKI) and prediction of chronic renal dysfunction in 
patients undergoing open surgical repair (OSR) of an abdominal aortic aneurysm.
Patients and Methods: Urine and serum samples were obtained perioperatively from 64 
such patients (n=64). Patients in whom OSR-related AKI (defined by the Kidney Disease 
Improving Global Outcomes criteria) occurred were identified. Renal function was evaluated 
3 years after OSR in patients with OSR-related AKI.
Results: The urinary biomarkers examined increased to maximum levels by 2 hours after 
aortic cross-clamping (AXC), regardless of whether AKI occurred. Notably, the serum 
creatinine (Cr) levels increased significantly immediately after OSR in patients with AKI 
(n=19) (vs that in patients without AKI). In patients with AKI, the increased serum Cr 
elevation rate, the urinary L-FABP levels 2 hours after AXC and immediately after OSR, and 
a reduction in eGFR documented 3 years after OSR were significantly greater in patients who 
underwent suprarenal AXC (n=11) than in those who underwent infrarenal AXC (n=8). 
Furthermore, urinary L-FABP levels 2 hours after AXC correlated significantly with the 
reductions in eGFR 3 years after OSR in patients with AKI.
Conclusion: Urinary L-FABP, NGAL and albumin concentrations 2 hours after AXC may 
be useful for early detection of OSR-related AKI. Furthermore, the increase in urinary 
L-FABP 2 hours after AXC may be predictive of chronic renal dysfunction in patients 
with OSR-related AKI.
Keywords: urinary liver-type fatty acid binding protein, L-FABP, urinary neutrophil 
gelatinase-associated lipocalin, NGAL, acute kidney injury, AKI, chronic renal 
dysfunction, open abdominal aortic aneurysm repair

Introduction
Patients diagnosed with abdominal aortic aneurysm (AAA) are increasing in num-
ber due to the growing aging population and to the sensitivity of various imaging 
modalities for early detection of the disorder. There are two surgical approaches to 
AAA, endovascular aneurysm repair (EVAR) and open surgical repair (OSR). 
EVAR, a minimally invasive procedure, had, for a time, taken precedence over 
OSR for treatment of infrarenal AAA. However, two recent long-term randomized 
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controlled studies revealed that EVAR, in comparison to 
OSR, provided no long-term survival benefit.1,2 Therefore, 
OSR continues as the standard approach to AAA, even 
infrarenal AAA. Unfortunately, the relatively high inci-
dence of acute kidney injury (AKI) associated with OSR 
remains a crucial problem,3 and suprarenal aortic cross- 
clamping (AXC) is reported to be a significant indepen-
dent risk factor for occurrence of AKI.4

AKI was once considered transient and reversible and 
assumed to have a good renal prognosis. However, even 
slight renal dysfunction is now widely understood to be 
related not only to subsequent chronic kidney disease 
(CKD)5 and end-stage renal disease6 but also to all-cause 
mortality and morbidity.4,7 No radical treatment for AKI 
exists, making early discrimination of patients at increased 
risk for AKI necessary so that steps can be taken to 
minimize the chance that AKI will occur.8 Reliable bio-
marker for early detection of OSR-related AKI and for 
prediction of chronic renal dysfunction after OSR is 
needed.

Urinary liver-type fatty acid binding protein (L-FABP) 
has been identified as an excellent biomarker for tubular 
damage associated with AKI and with CKD,9,10 and it has 
since been approved as such by the Ministry of Health, 
Labour and Welfare in Japan. We have shown urinary 
L-FABP to be a sensitive biomarker for early detection 
of AKI after OSR, in that urinary L-FABP elevation 
occurs before serum creatinine (Cr) elevation.11 Another 
urinary biomarker, neutrophil gelatinase-associated lipoca-
lin (NGAL), has been reported to predict occurrence of 
AKI after OSR performed for infrarenal AAA,12 but there 
has been at least one contradictory report regarding the 
clinical usefulness of urinary NGAL.13 Furthermore, 
changes in the level of each urinary biomarker, depending 
on whether AXC is suprarenal or infrarenal, and relations 
between increases in urinary biomarker levels in the acute 
phase and chronic renal dysfunction have not been ade-
quately investigated.

We conducted a study to determine the clinical 
utility of measuring urinary biomarkers L-FABP, 
NGAL, and albumin for early detection of OSR- 
related AKI. We also aimed to show changes in urinary 
biomarker levels with respect to suprarenal AXC vs 
infrarenal AXC. Further, we aimed to clarify the rela-
tions between acute-phase increases in urinary marker 
levels and chronic renal dysfunction in patients who 
suffer OSR-related AKI.

Methods
The study protocol was approved by the Institutional 
Review Board of St. Marianna University School of 
Medicine (No 1966, No 4107) and registered in the UMIN 
Clinical Data Registry (ID 000006584, 000026215). Written 
informed consent was obtained from all patients who were 
enrolled in the study. This study was conducted in accor-
dance with the Declaration of Helsinki.

Study Design
The study was conducted prospectively in a university 
hospital setting. Consecutive patients scheduled for OSR 
(n=64) between October 2011 and May 2017 were 
enrolled. Excluded from the study were patients under-
going dialysis or requiring emergency surgery. AKI was 
defined according to the Kidney Disease: Improving 
Global Outcomes (KDIGO) criteria and based on the 
increase in serum Cr over the 48 hours immediately fol-
lowing OSR.14 In addition, patients in whom OSR-related 
AKI occurred were examined for chronic renal dysfunc-
tion at the 3-year mark after OSR.

Anesthesia
None of the patients undergoing OSR was premedicated. 
All patients received epidural anesthesia before the sur-
gery. An epidural catheter was inserted via the Th9/10, 
Th10/11, or Th11/12 intervertebral space. General anesthe-
sia was induced with remifentanil and propofol. Tracheal 
intubation was facilitated with rocuronium. Anesthesia 
was maintained with sevoflurane in an oxygen-air mixture 
and remifentanil. Levobupivacaine (0.125% or 0.25%) 
was administered intraoperatively via epidural catheter. 
Dopamine, prostaglandin E1, and carperitide were infused 
continuously during the surgery in all patients.

Sample Collection
Urine samples (10 mL) were obtained before the surgery, 
after anesthesia induction, 2 hours after AXC, immediately 
after the surgery, 4 hours after the surgery, and on 
postoperative day (POD) 2 for measurement of urinary 
L-FABP, urinary NGAL, urinary albumin, and urinary 
Cr. In addition, serum samples were obtained before the 
surgery, immediately after the surgery, and on PODs 1, 2, 
and 3 for measurement of serum Cr. Furthermore, serum 
Cr was evaluated for estimation of the glomerular filtration 
rate (eGFR) 3 years after OSR in patients in whom AKI 
occurred.
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Assay of Urinary and Serum Markers
Urinary L-FABP levels were determined by enzyme-linked 
immunosorbent assay (ELISA) (Human L-FABP ELISA kit; 
CMIC, Tokyo, Japan). Urinary NGAL levels were also deter-
mined by ELISA (Human NGAL ELISA kit; Enzo Life 
Sciences, Inc, NY, USA). Urinary albumin was measured 
by immunonephelometry, and serum Cr was measured by an 
enzymatic method. All assays were performed in the clinical 
laboratory of St. Marianna University Hospital. eGFR was 
calculated according to the Japanese-coefficient of the mod-
ified Chronic Kidney Disease Epidemiology Collaboration 
equation: eGFR = 194 × (creatinine)−1.094 × (age)−0.287 × 
(0.739 if female).15

Measurement of Urinary Markers and the 
Rate of Increase in Serum Cr with 
Respect to Suprarenal AXC or Infrarenal 
AXC in Patients in Whom AKI Occurred
Urinary markers were monitored in all patients for 2 days 
after OSR. Patients were then divided between those in 
whom AKI occurred and those in whom AKI did not 
occur, and the AKI group patients were divided between 
those who underwent suprarenal AXC and those who under-
went infrarenal AXC. The rate of increase in serum Cr was 
measured in these two AKI patient subgroups as follows:

Serum Cr elevation rate = [(highest serum Cr level 
observed during the 2 days after OSR) – (serum Cr levels 
before OSR)]/(time from the start of OSR to time of the 
peak serum Cr) and reported as mg/dl/hour.

Change in eGFR in the Chronic Phase in 
the AKI Group Patients
Progression to chronic renal dysfunction was evaluated in 
AKI group patients, particularly with respect to whether 
they underwent suprarenal AXC or infrarenal AXC. 
Chronic renal dysfunction was assessed at 3 years after 
OSR on the basis of change in eGFR from before the 
surgery to 3 years after the surgery.

Evaluation of the Urinary L-FABP Levels 2 
Hours After AXC in Relation to Change 
in eGFR in the AKI Group Patients
For patients in whom OSR-related AKI occurred, correlation 
between the urinary L-FABP concentration 2 hours after AXC 
and change in eGFR documented at 3 years was assessed.

Statistical Analyses
Study variables are expressed as median (interquartile range 
[IQR]) values. Between-group differences in study vari-
ables, including patients’ clinical characteristics, were ana-
lyzed by Mann–Whitney U-test or chi-square test, as 
appropriate. Within-group differences were analyzed by 
Wilcoxon signed-rank test. Kruskal–Wallis test, followed 
by Steel test, was used for logistic regression analysis and 
was performed on parameters that had a significant differ-
ence in univariate regression analysis to determine the 
independent factors associated with AKI. Model calibration 
was tested using the Hosmer-Lemeshow test. Correlation 
was established on the basis of Spearman’s rank correlation 
coefficient. Receiver-operating characteristic curves 
(ROCs) were plotted to identify cut-off biomarker levels 
best predictive of the occurrence of OSR-associated AKI. 
Clinical variables shown by unadjusted univariate analysis 
to differ significantly between the AKI group and non-AKI 
group were subjected to forward selection multivariable 
logistic regression analysis to identify risk factors for occur-
rence of AKI.

All statistical analyses were performed with IBM SPSS 
Statistics, version 21.0 (IBM, Tokyo, Japan), and p < 0.05 
was considered significant.

Results
Characteristics of Patients in Whom AKI 
Occurred
As noted above, AKI occurred postoperatively in 19 
(29.7%) of the 64 patients enrolled in the study, and the 
AKI was determined to be of stage 1, which was defined 
as more than 0.3 mg/dl increase in serum Cr within 48 hrs, 
in all 19 patients (Table 1). No patient required postopera-
tive renal replacement therapy.

Male sex was more prevalent (p < 0.001), age was greater 
(p < 0.001), suprarenal AXC was more prevalent (p < 0.001), 
presence of diabetes mellitus was more prevalent (p = 0.012), 
presence of ischemic heart disease was more prevalent (p = 
0.027), operation time was longer (p = 0.017), urinary output 
was lower (p = 0.024), and the preoperative urinary albumin 
concentration was higher (p = 0.022) in the AKI group than 
in the non-AKI group (Table 1).

Postoperative Changes in Renal Function 
and Urinary Biomarkers
In assessing urinary L-FABP levels (Figure 1), we found that 
the concentration in the AKI group increased significantly 
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from the preoperative value to its maximum value, which was 
reached 2 hours after AXC (p < 0.001). Despite subsequent 
decreases in the urinary L-FABP levels in this group, the levels 
4 hours after the surgery and on POD 2 were significantly 
higher than the preoperative concentration. We found the 
urinary L-FABP concentration in the non-AKI group to be 
significantly increased 4 hours after the surgery. The urinary 
L-FABP levels in the AKI group were significantly higher 
than those in the non-AKI group 2 hours after AXC, immedi-
ately after the surgery, 4 hours after the surgery, and on POD 2 
(p < 0.001, <0.001, <0.001, and <0.001, respectively).

In assessing urinary NGAL levels (Figure 1), we found 
no significant increase over the preoperative levels at any 
time point in either the AKI group or the non-AKI group. 
However, urinary NGAL levels were significantly higher 
from 2 hours after AXC to POD 2 in the AKI group than 
in the non-AKI group (Figure 1).

With respect to urinary albumin (Figure 1), we found 
no significant increase in the concentration at any time 
point in the AKI group, but the concentration was signifi-
cantly higher in the AKI group than in the non-AKI group 
before the surgery (p = 0.002), after anesthesia induction 

Table 1 Patient Characteristics and Clinical Outcomes in AKI Vs Non-AKI Group

AKI Group n=19 Non–AKI Group n=45 P value

Sex (M/F) 18/1 39/6 <0.001*
Age (years) 74 (70–79) 68 (64–72) <0.001*

Body weight (kg) 68 (64–69) 61 (57–74) 0.459

BMI (kg/m2) 24 (24–25) 23 (21–26) 0.367
ASA status (II/III) 11/8 26/19 1.000

Comorbidity, n (%) 7 (23) 4 (9)

Diabetes Mellitus 19 (92) 37 (82) 0.012*
Hypertension 14 (85) 18 (40) 0.093

Ischemic heart disease 9 (38) 10 (22) 0.027*
Chronic kidney disease 0.071

Concomitant medications, n (%) 14 (62) 25 (56)

Ca antagonist 13 (62) 20 (44) 0.270
ACE inhibitor/ARB 8 (38) 18 (40) 0.280

Statin 3 (16) 5 (11) 0.784

Diuretic 0 (0) 0 (0) 0.685
NSAIDs 9 (54) 26 (58) –

Smoking history 580 (500–632) 475 (415–569) 0.584

Duration of anesthesia (minutes) 443 (370–475) 345 (299–445) 0.016*
Duration of surgery (minutes) 11/8 6/39 0.017*

Suprarenal / Infrarenal 62 (48–95) 64 (51–89) < 0.001*

Duration of AXC (minutes) 5450 (4125–5900) 4650 (4100–5975) 0.959
Fluids infusion (mL) 2932 (2245–3835) 2004 (1347–3093) 0.757

Estimated blood loss (mL) 900 (640–1410) 960 (750–1248) 0.724

Urinary output (mL) 3.9 (2.7–15.5) 3.6 (2.4–7.6) 0.024*
Preoperative urinary L-FABP (μg/gCr) 15.41 10.92 0.503

Preoperative urinary NGAL (mg/gCr) (8.27–29.54) (6.94–22.06) 0.464

Preoperative urinary albumin (mg/gCr) 36.2 (8.6–213.3) 10.1 (6.1–14.8) 0.022*
Preoperative sCr (mg/dl) 0.95 (0.85–1.51) 0.87 (0.75–1.07) 0.081

Preoperative eGFR (mL/min) 53.6 (36.7–68.7) 65.1 (52.8–78.7) 0.061

Operative and postoperative details
Mechanical ventilation, n (%) 2 (29) 0 (0) 0.896

Length of hospital stay (days) 19 (16–24) 19 (17–25) 0.875

RRT required upon discharge 0 (0) 0 (0) -
In-hospital death 0 (0) 0 (0) -

Note: Data are expressed as median (interquartile range) or number *P < 0.05. eGFR was calculated according to the Japanese coefficient-modified Chronic Kidney Disease 
Epidemiology Collaboration equation: eGFR = 194 × (creatinine)−1.094 × (age)−0.287 × (0.739 if female).15. 

Abbreviations: AKI, acute kidney injury; BMI, body mass index; ASA, American Society of Anesthesiologists; ACE, inhibitor angiotensin converted enzyme inhibitor; ARB, 
angiotensin II receptor blocker; NSAIDs, non-steroidal anti-inflammatory drugs; AXC, aorta cross clamping; L-FABP, liver-type fatty acid binding protein; NGAL, Neutrophil 
gelatinase-associated lipocalin; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy.
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Figure 1 Box and whisker plot showing urinary L-FABP (liver-type fatty acid-binding protein), urinary NGAL (neutrophil gelatinase-associated lipocalin), urinary albumin, and 
serum Cr (creatinine) levels measured pre-operation, post anesthesia induction, 2 hours after AXC, immediately after the surgery, 4 hours after the surgery, and on POD 2 
in the AKI and non-AKI patient groups. Median and interquartile range values are shown. *p < 0.05 vs the level in the non-AKI group at the same time point; †p < 0.05 vs the 
respective preoperative level in the same (AKI) group; ‡p < 0.05 vs the respective preoperative level in the same (non-AKI) group. 
Abbreviations: AKI, acute kidney injury; Pre-op, preoperative value; Post-induction, post-anesthesia induction value; 2-h post-AXC, 2 hours post aortic cross clamping 
value; Post-op, immediate postoperative value; 4-h post-op, 4 hours postoperative value; POD, postoperative day.
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(p = 0.003), 2 hours after AXC (p < 0.001), immediately 
after the surgery (p = 0.009), 4 hours after the surgery (p < 
0.001), and on POD 2 (p < 0.001). In the non-AKI group, 
the urinary albumin levels 2 hours after AXC were sig-
nificantly higher than the preoperative concentration.

In assessing serum Cr levels (Figure 1), we found no 
significant within-group difference between levels measured 
at the various time points in the AKI group patients. 
However, in comparing serum Cr levels between the AKI 
group and non-AKI group patients, we found the concentra-
tion in the AKI group to be significantly higher immediately 
after the surgery and on PODs 1, 2, and 3 than the concen-
tration on each of those same days in the non-AKI group (p 
< 0.001, <0.001, <0.001, and <0.001, respectively).

Performance of the Urinary Markers for 
Predicting Occurrence of AKI
ROC analysis (Table 2) showed urinary L-FABP measured 
at either of two time points to be predictive of the occurrence 
of AKI (AUC > 0.80): measurement at 2 hours after AXC 
(AUC = 0.82) and at 4 hours after the surgery (AUC = 0.81). 
Urinary NGAL measured at one time point was shown to be 
predictive of the occurrence of AKI: measurement at 2 hours 
after AXC (AUC = 0.83). Urinary albumin measured at 
either of two time points was shown to be predictive of the 
occurrence of AKI: measurement at 2 hours after AXC 
(AUC = 0.81) and on POD 2 (AUC = 0.81).

Cut-off Urinary Marker Values for 
Predicting Occurrence of AKI
In seeking to determine the best cut-off values for each of 
the three biomarkers found to be predictive of the occurrence 
of AKI, we determined sensitivity, specificity, positive pre-
dictive value, and negative predictive value of levels mea-
sured at each of the five time points noted above (Table 3). 
Levels of urinary L-FABP, urinary NGAL, and urinary 

albumin measured 2 hours after AXC were found to have 
the best predictive values, at cut-off points of 150.5 μg/g Cr, 
48.7 mg/g Cr, and 607.2 mg/g Cr, respectively.

Multivariable Logistic Regression Analysis 
for Prediction of AKI
Multivariable logistic regression analysis of factors associated 
with occurrence of AKI, ie, the 2-hour post-AXC increases in 
urinary L-FABP, urinary NGAL, and urinary albumin, were 
shown to be independently predictive of postoperative AKI 
(OR: 1.0001, CI: 10,001–1001, p = 0.006; OR: 1.00001, CI: 
1.00001–1.00002, p = 0.004; OR: 1.001, CI: 1.00001–1.001, 
p = 0.014, respectively). Age, suprarenal (vs infrarenal) AXC, 
presence of diabetes mellitus or ischemic heart disease, opera-
tion time, and low urinary output were also shown to be 
independently predictive of postoperative AKI. Notably, the 
odds associated with suprarenal AXC was shown to be much 
greater than the odds associated with the other variables 
analyzed.

Urinary Markers and Renal Dysfunction 
with Respect to Suprarenal vs Infrarenal 
AXC in AKI Group Patients
Because suprarenal AXC was shown to be an independent risk 
factor for occurrence of AKI, changes in urinary markers and 
renal function were evaluated in the AKI group patients in 
relation to suprarenal vs infrarenal AXC. Of the 19 patients 
with postoperative AKI, 11 (64.7%) underwent suprarenal 
AXC, and 8 (17.0%) underwent infrarenal AXC. AXC time 
(p = 0.049) and the serum Cr elevation rate were significantly 
greater among patients who underwent suprarenal AXC than 
among those who underwent infrarenal AXC (p = 0.005) 
(Table 4 and Figure 2).

Urinary L-FABP increased to its maximum value by 
2 hours after AXC in the AKI group patients, regardless 
of whether they underwent suprarenal or infrarenal 

Table 2 AUC Vs Time

Pre-Op Post-Induction 2-h Post-AXC Post-Op 4-h Post-op POD 2

Urinary L-FABP 0.56 (0.39–0.73) 0.60 (0.45–0.75) 0.82 (0.70–0.94) 0.76 (0.63–0.88) 0.81 (0.70–0.91) 0.76 (0.64–0.94)

Urinary NGAL 0.56 (0.39–0.73) 0.65 (0.49–0.81) 0.83 (0.70–0.95) 0.73 (0.59–0.87) 0.79 (0.67–0.90) 0.73 (0.57–0.90)

Urinary albumin 0.68 (0.51–0.85) 0.68 (0.54–0.82) 0.81 (0.68–0.93) 0.70 (0.56–0.84) 0.79 (0.68–0.90) 0.81 (0.71–0.92)
SCr 0.64 (0.47–0.81) – – 0.80 (0.66–0.93) - 0.82 (0.70–0.94)

Note: Data are given as AUC (95% confidence interval). 
Abbreviations: AUC, area under the curve, pre-op preoperation; post induction, post induction of anesthesia; 2-h post op, 2 hours post surgery; AXC, aorta cross 
clamping; post-op, immediate post-operation; 4-h post op, 4 hours post surgery; POD, post-operative day; L-FABP, liver-type fatty acid binding protein; NGAL, Neutrophil 
gelatinase-associated lipocalin; SCr, serum creatinine.
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AXC. The urinary L-FABP levels were significantly 
increased 2 hours after AXC and on POD 2 among the 
AKI patients who underwent suprarenal AXC, but there 
was no significant change in urinary L-FABP among the 
AKI group patients who underwent infrarenal AXC. 
Further, in the AKI group patients who underwent 
suprarenal AXC, the urinary L-FABP levels 2 hours 
after AXC (5710 [1890–9090] μg/gCr), immediately 
after the surgery (1020 [213–1810] μg/gCr), 4 hours 
after the surgery (233 [209–568] μg/gCr)), and on 
POD 2 (72 [52–134] μg/gCr) were significantly higher 
than corresponding values in AKI group patients who 
underwent infrarenal AXC (163 [8.0–1350] μg/gCr, 55 
[23–300] μg/gCr, 75 [41–452] μg/gCr, and 27 [19–68] 
μg/gCr, respectively) (p = 0.001, p = 0.01, p = 0.025, 
and p= 0.043, respectively) (Figure 3) although the 
urinary L-FABP levels were significantly lower after 
anesthesia induction in patients who underwent suprar-
enal AXC than in those who underwent infrarenal AXC 
(5.1 [4.1–9.0] μg/gCr vs.12 [9–74] μg/gCr, respectively; 
p = 0.039) (Figure 3).

Whereas urinary NGAL increased to its maximum 
value immediately after the surgery (131.0 [26.3– 

450.1] mg/gCr) among the AKI group patients who 
underwent suprarenal AXC, none of the measured 
urinary NGAL levels differed significantly between 
AKI group patients who underwent suprarenal AXC 
and those who underwent infrarenal AXC (Figure 3).

The maximum urinary albumin levels, reached by 2 
hours after AXC in the AKI group patients, did not 
differ significantly between those who underwent 
suprarenal AXC and those who underwent infrarenal 
AXC (1570 [946.6–3205] mg/gCr vs 310.4 [205.3– 
1605] mg/gCr, respectively). The urinary albumin con-
centration after anesthesia induction, however, was sig-
nificantly lower in patients who underwent suprarenal 
AXC than in those who underwent infrarenal AXC (53 
[12–103] mg/gCr vs 153 [62–709] mg/gCr, respec-
tively; p = 0.046) (Figure 3).

Cut-off Urinary L-FABP Values for 
Prediction of AKI in Patients Having 
Undergone Suprarenal vs Infrarenal AXC
Cut-off values for urinary L-FABP 2 hours after AXC 
predicting occurrence of AKI differed, depending on 

Table 3 Biomarkers Levels Predictive of AKI

Time point Cut-Off Value Sensitivity Specificity PPV NPV

Urinary L-FABP (μg/gCr)
Pre-operation 11.3 0.41 0.84 0.52 0.77

Post anesthesia induction 4.8 0.74 0.44 0.36 0.80

2 hours post-AXC 150.5 0.83 0.78 0.61 0.92
Post-operation 129.0 0.68 0.72 0.51 0.84

4 hours post-operation 93.9 0.74 0.78 0.59 0.88

POD 2 19.1 0.90 0.56 0.46 0.93

Urinary NGAL (mg/gCr)
Pre-operation 8.09 0.82 0.33 0.34 0.81

Post anesthesia induction 7.51 0.53 0.80 0.53 0.80

2 hours post-AXC 48.67 0.72 0.89 0.73 0.88
Post-operation 16.58 0.84 0.56 0.45 0.89

4 hours post-operation 41.73 0.68 0.80 0.59 0.86

POD 2 35.11 0.67 0.82 0.61 0.85

Urinary albumin (mg/gCr)
Pre-operation 22.7 0.59 0.88 0.68 0.84
Post anesthesia induction 42.8 0.68 0.67 0.47 0.83

2 hours post-AXC 607.2 0.78 0.73 0.55 0.89

Post-operation 101.4 0.74 0.65 0.47 0.86
4 hours post-operation 41.7 0.90 0.62 0.50 0.94

POD 2 25.5 0.83 0.67 0.52 0.90

Abbreviations: AKI, acute kidney injury; PPV, positive predictive value; NPV, negative predictive value; L-FABP, liver-type fatty acid binding protein; AXC, aorta cross 
clamping; POD, post-operative day; NGAL, Neutrophil gelatinase-associated lipocalin.
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whether suprarenal AXC (1306.0 μg/gCr, 
AUC = 0.709) or infrarenal AXC (150.5 μg/gCr, 
AUC = 0.740) was performed (Table 5). The cut-off 
urinary L-FABP concentration 2 hours after AXC 
showed high sensitivity for prediction of AKI in 
patients who underwent suprarenal AXC and high spe-
cificity for prediction of AKI in those who underwent 
infrarenal AXC (Table 5).

Change in eGFR in AKI Group Patients 
Who Underwent Suprarenal AXC and 
Those Who Underwent and Infrarenal AXC
Whereas GFR levels 3 years after OSR were similar 
between patients who underwent suprarenal AXC (41.5 
[32.1–56.5] mL/min) and those who underwent infra-
renal AXC (32.4 [22.5–69.0] mL/min) (Table 4), 

Table 4 Patient Characteristics and Clinical Outcomes in Suprarenal Vs Infrarenal AKI Group

Suprarenal Group n=11 Infrarenal Group n=8 P value

Sex (M/F) 11/0 7/1 0.421
Age (years) 74 (70–79) 74 (71–79) 0.952

Body weight (kg) 64 (63–69) 69 (67–73) 0.170

BMI (kg/m2) 24 (23–25) 25 (24–28) 0.146
ASA status (II/III) 8/3 3/5 0.181

Comorbidity, n (%)
Diabetes Mellitus 4 (36) 3 (38) 1.000

Hypertension 11 (100) 8 (100) –
Ischemic heart disease 7 (64) 7 (88) 0.338

Chronic kidney disease 5 (45) 4 (50) 1.000

Concomitant medications, n (%)
Ca antagonist 8 (73) 6 (75) 1.000

ACE inhibitor/ARB 8 (73) 5 (63) 1.000
Statin 6 (55) 2 (25) 0.352

Diuretic 2 (18) 1 (13) 1.000

NSAIDs 0 (0) 0 (0) –
Smoking history 5 (45) 4 (50) 1.000

Duration of anesthesia (minutes) 130 (115–157) 117 (109–156) 0.701

Duration of surgery (minutes) 458 (370–475) 419 (374–509) 0.840
Duration of AXC (minutes) 65 (60–98) 48 (46–95) 0.049*

Fluids infusion (mL) 5550 (4300–5650) 4775 (3475–8800) 0.672

Estimated blood loss (mL) 3323 (2344–3835) 2363 (1863–5073) 0.395
Urinary output (mL) 920 (710–1500) 875 (360–1105) 0.442

Preoperative urinary L-FABP (μg/gCr) 2.9 (2.5–12.4) 13.4 (4.4–27.1) 0.327

Preoperative urinary NGAL (mg/gCr) 10.53 15.90 0.270
Preoperative urinary albumin (mg/gCr) (7.20–25.82) (11.84–206.14) 0.133

Preoperative sCr (mg/dl) 13.1 (6.1–132.1) 60.1 (30.4–580.8) 0.309

Preoperative eGFR (mL/min) 0.92 (0.82–1.34) 1.24 (0.88–1.80) 0.272
Operative and postoperative details 62.3 (41.7–74.6) 45.7 (33.6–65.5)

Mechanical ventilation, n (%) 0 (0) 2 (25) 0.189

Length of hospital stay (days) 17 (16–23) 22 (19–26) 0.168
RRT required upon discharge 0 (0) 0 (0) –

In-hospital death 0 (0) 0 (0) –

Elevation rate of sCr (mg/dl/h) 0.0179 (0.0123–0.0217) 0.0066 (0.0051–0.0085) 0.005*

Three years after surgery eGFR (mL/min) 41.5 (32.1–56.5) 32.4 (22.5–69) 1.000

eGFR reduction rate 3 years after surgery 0.206 (0.111–0.455) 0.077 (0.042–0.141) 0.043*

Notes: Data are expressed as median (interquartile range) or number (%). *P < 0.05. eGFR was calculated according to the Japanese coefficient-modified Chronic Kidney 
Disease Epidemiology Collaboration equation: eGFR = 194 × (creatinine)−1.094 × (age)−0.287 × (0.739 if female).15. 

Abbreviations: AKI, acute kidney injury; BMI, body mass index; ASA, American Society of Anesthesiologists; ACE inhibitor, angiotensin converted enzyme inhibitor; ARB, 
angiotensin II receptor blocker; NSAIDs, non-steroidal anti-inflammatory drugs; AXC, aortic cross clamping; L-FABP, liver-type fatty acid binding protein. NGAL, Neutrophil 
gelatinase-associated lipocalin; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; RRT, renal replacement therapy.
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a significant decrease in eGFR from before OSR to 3 
years after OSR was observed in patients who under-
went suprarenal ACX (p = 0.014) (Table 4 and 
Figure 4A) but not in those who underwent infrarenal 
AXC (p = 0.120) (Table 4 and Figure 4B).

Correlation Between Urinary L-FABP 
Levels 2 Hours After AXC and Change in 
eGFR in AKI Group Patients
Significant correlation was found between urinary L-FABP 
levels 2 hours after AXC and changes in eGFR documen-
ted 3 years after OSR (Rs =−0.720, p = 0.001) 
(Figure 4C).

Discussion
In summary, our main study findings were as follows: 
(1) Although the serum Cr concentration immediately 
after OSR was significantly higher in patients in whom 
AKI occurred than in patients in whom AKI did not 
occur, the urinary L-FABP, NGAL, and albumin con-
centrations reached maximum values before the nota-
ble serum Cr elevation was detected. (2) Although 
suprarenal AXC, but not urinary markers, was identi-
fied as an independent risk factor for occurrence of 
AKI, the serum Cr elevation rate was greater for 
patients who underwent suprarenal AXC than for 
those who underwent infrarenal AXC. (3) Urinary 
L-FABP levels, but not concentrations of other urinary 
markers, were found to be significantly higher at var-
ious time points in the AKI group patients who 

underwent suprarenal AXC than in those who under-
went infrarenal AXC. (4) Urinary L-FABP cut-off 
values 2 hours after AXC for early detection of OSR- 
related AKI were found to differ, depending on 
whether suprarenal or infrarenal AXC was performed. 
(5) Reduction in the eGFR 3 years after OSR was 
greater for AKI group patients who underwent suprar-
enal AXC than for those who underwent infrarenal 
AXC, and urinary L-FABP levels 2 hours after AXC 
correlated significantly with the eGFR reductions.

Our study results indicate that urinary L-FABP, 
NGAL and albumin levels 2 hours after AXC may 
be useful for early detection of OSR-related AKI and 
that the urinary L-FABP concentration 2 hours after 
AXC may need to be assessed in consideration of 
whether the AXC is suprarenal or infrarenal. Further, 
the urinary L-FABP concentration 2 hours after AXC 
may be predictive of chronic renal dysfunction in 
patients with OSR-related AKI.

We reported previously that the post-OSR increases 
in urinary L-FABP and albumin occur before the 
increase in serum Cr,11 and this timing was confirmed 
in the present study. Furthermore, early urinary NGAL 
elevation was shown. Because the levels of both urin-
ary L-FABP and NGAL 2 hours after AXC were sig-
nificantly higher in the AKI group patients than in the 
non-AKI group patients, measuring these markers at 2 
hours after AXC may be meaningful for early predic-
tion of AKI. Regarding urinary albumin, the increased 
values were seen significantly earlier, before the sur-
gery and after anesthesia induction, in the AKI group 
patients than in the non-AKI group patients. However, 
because the urinary albumin AUCs for predicting 
occurrence of AKI at these time points were smaller 
than at other time points, measurement of urinary 
albumin 2 hours after AXC may be of the best pre-
dictive value.

Renal hypoperfusion induced during OSR is widely 
known as a major cause of AKI16,17 and AKI appears 
to occur more often in association with suprarenal 
AXC than in association with infrarenal AXC,4,17 

a finding supported by the present study. 
Furthermore, AKI can lead to chronic renal 
dysfunction.18,19 Although neither severe AKI nor 
death occurred in any of our patients, and preoperative 
renal function was similar between those who under-
went suprarenal AXC and those who underwent infra-
renal AXC, deterioration of renal function in both the 

Figure 2 Box and whisker plot showing the serum Cr elevation rate for AKI group 
patients who underwent suprarenal AXC and those who underwent infrarenal 
AXC. Median and interquartile range values are shown. *p < 0.05 vs the infrarenal 
group. 
Abbreviations: AKI, acute kidney injury; AXC, aortic cross-clamping; Cr, 
creatinine.
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Figure 3 Box and whisker plots showing urinary L-FABP (liver-type fatty acid-binding protein), urinary NGAL (neutrophil gelatinase-associated lipocalin), and urinary 
albumin levels measured pre-operation, post anesthesia induction, 2 hours after AXC, immediately after the surgery, 4 hours after the surgery, and on POD 2 in the AKI 
group patients who underwent suprarenal AXC and in those who underwent infrarenal AXC. Median and interquartile range values are shown. *p < 0.05 vs the infrarenal 
AXC group at the same time point; †p < 0.05 vs the preoperative concentration in the same (suprarenal AXC) group. 
Abbreviations: Pre-op, preoperative value; Post-induction, value post anesthesia induction; 2-h post-AXC, value 2 hours after aorta cross clamping; Post-op, immediate 
postoperative value; 4-h post-op, 4 hours postoperative value; AKI, acute kidney injury; AXC, aortic cross-clamping; POD, postoperative day.
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acute and chronic phase was significantly greater in 
patients who underwent suprarenal AXC than in those 
who underwent infrarenal AXC. In addition, suprarenal 
AXC was found to be a significant, independent risk 
factor for occurrence of AKI. Renal ischemia time and 
intraoperative blood loss have been reported to be 
associated with OSR-related AKI when the surgery 
involves suprarenal AXC,17 and the severity of acute 
renal dysfunction affects the degree of chronic renal 
dysfunction.18,19 Although the estimated blood loss 
volume was similar between our patients who under-
went infrarenal AXC and those who underwent suprar-
enal, the longer clamp time required for suprarenal 
AXC may explain, at least in part, the frequent occur-
rence of AKI and the deterioration in renal function.

Urinary L-FABP, unlike other biomarkers exam-
ined, may reflect renal hypoperfusion.20,21 

Performance of urinary L-FABP and that of NGAL 
are reportedly dissimilar, with urinary L-FABP corre-
lating linearly with hypoperfusion and hepatic injury 
markers (lactate, liver transaminases, and bilirubin) 
urinary NGAL correlating linearly with inflammatory 
markers (white blood cell count and C-reactive 
protein).22 The difference in changes in urinary 
L-FABP associated with suprarenal vs infrarenal 
AXC and that influence the degree of renal hypoperfu-
sion and both acute and chronic renal function sug-
gests that urinary L-FABP has potential to accurately 
reflect the degree of renal hypoxia due to OSR.

Use of sevoflurane, remifentanil, and levobupiva-
caine (administered epidurally) might have influenced 
our patients’ renal hemodynamics. Although Peyton 
et al reported no significant relation between epidural 
anesthesia and renal complications following major 
abdominal surgery,23 we found significant differences 
in urinary albumin and L-FABP levels after anesthesia 
induction between our AKI patients and non-AKI 
group patients and with respect to suprarenal AXC vs 

infrarenal AXC in the AKI group. Therefore, further 
study is needed to clarify the effects of various 
anesthesia protocols on urinary markers.

Our study results should be considered in light of 
our study limitations. First is the fact that the study 
was carried out at a single center and did not include 
a large number of patients. Slight serum Cr elevation 
of in the AKI group patients who underwent infrarenal 
AXC was not related to chronic renal dysfunction for 
a relatively short duration, 3 years after OSR. Second, 
the AKI was mild, and the relation between urinary 
markers and the severity of AKI defined by the 
KDIGO criteria was not assessed. In addition, no 
patient required renal replacement therapy and none 
died during the chronic period after OSR, and there-
fore, the usefulness of urinary L-FABP for predicting 
hard end points of CKD after OSR was not clarified. 
Finally, use of various vasoactive drugs during OSR 
was not controlled for. Renal function in the chronic 
phase was evaluated at only one time point, ie, at 3 
years after OSR, and urinary biomarkers were not 
measured during the chronic phase. Further, neither 
blood pressure nor blood glucose nor medical treat-
ment was documented in the chronic phase after AKI. 
These are related to renal protection. A large-scale 
long-term multicenter study that covers these matters 
is needed.

In conclusion, urinary L-FABP, NGAL and albumin 
levels 2 hours after AXC may be useful for early 
detection of OSR-related AKI. Because the increase 
in urinary L-FABP may vary in response to suprarenal 
vs infrarenal AXC but is a critical factor strongly 
related to renal hypoperfusion leading to renal dys-
function, urinary L-FABP should be evaluated in 
light of the clamp site. Furthermore, urinary L-FABP 
elevation documented 2 hours after AXC may be pre-
dictive of chronic renal dysfunction in patients who 
suffer OSR-related AKI.

Table 5 Urinary L-FABP Levels at 2 Hours Post-AXC for Prediction of AKI

Cut-Off Value (mg/gCr) AUC Sensitivity Specificity PPV NPV

Suprarenal AXC 1306.0 0.709 0.82 0.60 0.79 0.64
Infrarenal AXC 150.5 0.740 0.57 0.92 0.59 0.91

Abbreviations: L-FABP, liver-type fatty acid binding protein; AXC, aorta cross clamping; AKI, acute kidney injury; AUC, area under the curve; PPV, positive predictive value; 
NPV, negative predictive value.
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C

B

Figure 4 (A and B) Box and whisker plots showing eGFR before the surgery and 3 years after the surgery in AKI group patients who underwent suprarenal AXC and those 
who underwent infrarenal AXC. Median and interquartile range values are shown. (C) Regression line showing correlation between changes in eGFR and urinary L-FABP 
(liver-type fatty acid-binding protein) levels measured 2 hours after AXC. *p < 0.05 vs the preoperative value. 
Abbreviations: eGFR, estimated glomerular filtration rate; AKI, acute kidney injury; AXC, aortic cross-clamping.
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