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Abstract

Acute kidney injury (AKI) is a common medical problem and is significantly associated with increasing
morbidity and mortality. Contrast media (CM) is increasingly used in diagnostic and interventional
procedures which results in the rising incidence of iatrogenic renal function impairment caused by the
exposure to CM, a condition known as contrast induced nephropathy (CIN). The fatty acid-binding proteins
(FABPs) are small cytoplasmic proteins abundantly expressed in tissues with active fatty acid metabolism.
Nine distinct types have been identified, with each named after the tissue in which they were first
identified.The urinary excretion of L-FABP reflects stress of proximal tubular epithelial cells, correlating with
severity of ischemic tubular injury. The performance of urinary L-FABP as an early detection marker of AKI
has shown promise in various clinical settings. We aim in this study to assess the feasibility of urinary L-
FABP as very early marker of CI-AKI after cardiac catheterization in patient with stage 3or 4 CKD. A
prospective study on 40 patients comparing urinary L-FABP excretion in group | (10 control subjects with
normal renal functions) and group Il (30 adult patients with chronic kidney disease stage 3or 4 and
established AKI after elective cardiac catheterization at the Cardiology and Angilogy department. Measuring
urinary L-FABP the day before and 6 hours after catheterization. There was a statistically significant positive
correlation between u-LFABP/Cry and u-LFABP/Crg with Crg croa, Crag Crzo. There was a statistically
significant negative correlation between eGFR and u-LFABP.

Key words U-LFABP, acute kidney injury, cardiac catheterization

INTRODUCTION

Acute kidney injury (AKI) is a common medical
problem; it is significantly associated with
increasing morbidity and mortality.'. The progress
in understanding molecular and biochemical
mechanisms of AKI is complicated. Mortality
rates in the ICU setting remain between 50-70%,

with a significant number of survivors exhibiting
persistent evidence of renal dysfunction.’

Contrast media (CM) is increasingly used in
diagnostic and interventional procedures which
results in the rising incidence of iatrogenic renal
function impairment caused by the exposure to
CM, condition known as contrast induced
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nephropathy (CIN). 11% of cases of hospital-
acquired renal insufficiency are due to
Radiographic interventional procedure which is
the third most common cause of renal failure after
renal hypo-perfusion and using of nephrotoxic
medications. Among all procedures utilizing CM
for  diagnostic or therapeutic  purposes,
percutaneous coronary interventions (PCI) and
coronary angiography are associated with the
highest rates of CIN. ©

Increased attention has been focused on
identifying and addressing the progress in AKI
research over the past 10 years. One problem is
the continued reliance on markers for diagnosing
AKI that do not reflect actual injury to renal cells,
but the functional consequences of the injury.
Serum creatinin (SCr) is considered a suboptimal
marker that follows renal injury , levels are not
reflective of the glomerular filtration rate (GFR)
because of the influences of numbers of renal
and non-renal factors. The dynamic relationship in
AKI, between SCr and GFR inhibits the ability to
accurately estimate the timing of renal injury and
the severity of dysfunction after injury. A sudden
fall in GFR to a constant low level causes a
gradual increase in SCr until a new steady state
between generation and excretion is achieved.
Thus, the rate of increase in SCr after AKI is
dependent on many factors, including the new
GFR, rate of generation, rate of tubular secretion,
and volume of distribution, so, severe injury and
large changes in GFR may be associated with
small, gradual changes in SCr during the first 48 h
after injury, resulting in delayed diagnosis,
underestimation of the degree of injury, and
delayed intervention.

Intensive investigative efforts have led to the
identification of a number of urinary proteins,
including neutrophil gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1
(KIM-1), and interleukin-18 (IL-18), which have
emerged as markers of AKI. The fatty acid-
binding proteins (FABPs) are small cytoplasmic
proteins abundantly expressed in tissues with
active fatty acid metabolism. Nine distinct types

have been identified, with each named after the
tissue in which they were first identified.”” The
primary function of FABPs seems to be the
facilitation of long-chain fatty acid transport from
the plasma membrane to sites for p-oxidation.? In
addition, FABPs may also have a role in the
reduction of cellular oxidative stress, binding fatty
acid oxidation products, and limiting the toxic
effects of oxidative intermediates on cellular
membranes.®

FABP is found to be expressed in the human renal
proximal tubule epithelium,®a nephron segment
largely dependent on energy derived from fatty
acid metabolism for normal cellular transport
processes, So, urinary excretion of L-FABP
reflects stress of proximal tubular epithelial cells,
correlating with severity of ischemic tubular
injury ©

We aim in this study to assess the feasibility of
urinary L-FABP as very early marker of CI-AKI
after cardiac catheterization in patient with stage
3or 4 CKD.

Subjects

40 patients comparing urinary L-FABP excretion
in group | (10 control subjects with normal renal
functions) and group Il (30 adult patients with
chronic kidney disease stage 3 or 4 and
established  AKI after elective cardiac
catheterization)Any patient with the following
criteria will be excluded: older than 65, known
acute renal failure, shock, intravenous
administration of contrast within last 6 days ,liver
disease ,using nephrotoxic drugs (aminoglyco-
sides ,non steroidal anti-inflammatory drugs)

Methods

All of the cases in the study will be defined as
AKI if associated with clinical confirmation buy
decrease in urine output and laboratory by
estimating GFR, and serum ceratinine before
catheterization and 24, 48,72 hours post
catheterization” Measuring urinary L-FABP the
day before and 6 hours after catheterization ©. All
patients will be prescribed a hydration protocol

Heba El-shair et al IMSCR Volume 03 Issue 09 September

Page 7600




prior to catheterization according to their cardiac
conditions. An informed consent will be taken
from all the participants in this study according to
Helsinki declaration.

Results

Table (1) comparison between the studied groups according to baseline urea, creatinine and eGFR

Group | Group Il t
(n=10) (n=30) P
[[Urea mg/di
Min. — Max. 18.0 — 50.0 40.0 — 80.0
Mean + SD. 39.90 + 9.95 56.77 +11.41 | t=4.167" | <0.001"
Median 42.0 55.0
[[Creatinine mg/dl
Min. — Max. 0.70-1.10 1.0-1.50
Mean + SD. 0.91+0.13 132+0.12 t=8.921" | <0.001"
Median 0.89 1.35
[eGFRmMI/min/1.73m?
Min. — Max. 75.20 - 103.70 37.70 — 59.50
Mean + SD. 90.62 + 10.29 54.61+4.92 |t=10.668"| <0.001"
Median 93.95 55.85

Student t-test *: Statistically significant at p < 0.05

There was a statistically significant difference between the two groups as regards serum urea,creatinin and
eGFR p <0.001.

Table (2) Comparison between the studied groups regarding the development of CI-AKI

Group Il
(n=30)

No %

Test of sig.

No CI-AKI 21
CI-AKI . 9

¥’=3.871
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Table (3) comparison between the studied groups according to the type of CM used

Group | Group Il
(no=10) (n0=30)  |Testofsig| P
No % No %
Contrast Type
lohexol 10 100.0 9 30.0
lopromide 0 0.0 14 | 46.7 |y*=14.737"M°p=0.001"
lodixanol 0 0.0 7 23.3

x?: Value for Chi square testFE: Fisher Exact test*: Statistically significant at p < 0.05
There was a statistically significant difference between the two groups regarding the type of contrast media

used p=0.001

Table (4) comparison between the studied groups according to CM volume

Test of sig.

CM Volume
Min. — Max.
Mean + SD.
Median

110.0 -280.0
154.50 + 60.48
127.50

100.0 - 250.0
146.80 + 34.93
140.0

Z: Z for Mann Whitney test *: Statistically significant at p < 0.05
There was no statistically significant difference between the two study groups regarding CM volume

p=0.562.

Table (5) Comparison between the studied groups according to u-LFABP/Cryand u-LFABP/Crg

Group | Group Il 2 0
(n=10) (n=30)
u-LFABP/Cro(u1g/g)
Min. — Max. 0.39-2.17 1.37-75.11
Mean + SD. 1.22 +0.61 29.09 £19.79 4.467" <0.001"
Median 1.04 24.91
u-LFABP/Crg(1g/g)
Min. — Max. 1.40-3.93 3.37 —399.68
Mean + SD. 2.46 £1.01 118.68 +110.58 | 4.592° | <0.001
Median 2.04 84.86
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Z, 2.803"

4.782"

o 0.005"

<0.001"

Z: Z for Mann Whitney test

p1: p value for Wilcoxon signed ranks test for comparing between pre and post

*. Statistically significant at p < 0.05

Cr0 creatinine measured before catheterization

C6 creatinine 6 hrs after catheterization

There was a statistically significant difference between u-LFABP/Cry between the two studied groups
p<0.001.There was a statistically significant difference between u-LFABP/Crs between the two studied

groups p<0.001

Table (6) Correlation between eGFR with u-LFABP/Cr

eGFR
Group | Group 11 Total
I's p Is P Is P
u-LFABP/Cro(ug/g) -0.236 | 0.511 | -0.499 | 0.060 |-0.326 | 0.040
u-LFABP/Crs(ug/g) -0.030 | 0.934 |-0.117 | 0.539 |-0.496 | 0.001

I Spearman coefficient *: Statistically significant at p < 0.05
e There was a statistically significant negative correlation between eGFR and u-LFABP/Cryin the two

groups(rs=-0.326,p=0.040)

e there was a statistically significant negative correlation between eGFR and u-LFABP/Crgin the two

groups(rs=-0.496,p=0.001)
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Figure (1): Correlation between eGFR with u-LFABP/Cryin the study population
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Figure (2): Correlation between eGFR with u-LFABP/Crsgin the study population

Table (7): Correlation between u-LFABP/Crowith Creatinine in the studied population

u-LFABP/Cry(ug/g)

Group |

Group Il

Is p

rs p

r.: Spearman coefficient
*: Statistically significant at p < 0.05

In both groups There was a statistically significant positive correlation between u-LFABP/Cry Cry,Crp4 ,Cryg

and CI72)
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Table (8): Correlation between u-LFABP/Crgwith Serum Creatinine in the studied population

u-LFABP/Crg (1g/g)

Group | Group Il

I's p I's p
0.311 | 0.382 | 0.163 | 0.390
0.331 | 0.350 | 0.038 | 0.843
0.306 | 0.390 | 0.241 | 0.199
0.117 | 0.747 | 0.395" | 0.031

rs: Spearman coefficient
*: Statistically significant at p < 0.05

In both groups There was a statistically significant positive correlation between u-LFABP/Crg Crg,Cro4 ,Crag
and CI72)

Table (9): Correlation between u-LFABP/Crg with Cr in the study population according to the
development of CI-AKI

u-LFABP/Crg

Without CI-AKI With CI-AKI
(N=31) (N=9)

Is

rs: Spearman coefficient *: Statistically significant at p < 0.05

In Patients without CI-AKI (N=31) There was a statistically non-significant positive correlation between u-
LFABP/Crg and baseline Cr (Cro, Cras ,Cragand Cr72) .

In Patients with CI-AKI (N=9) There was a statistically significant positive correlation u-LFABP/Crg and
Crz, (r=0.596,p=0.020)
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Figure (3): Correlation between u-LFABP/Crswith Crz, mg/dl in group 11

Table (10): Relation between CI-AKI with CM type in group 11

CM Type
lohexol (n=9)
lopromide (n=14)

lodixanol (n=7)

2 Value for Chi square test

MC: Monte Carlo test

FE: Fisher Exact test

*: Statistically significant at p < 0.05

There was a statistically significant relation between CI-AKI and lohexol administration p=0.008
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Table (11): Correlation between u-LFABP/Crgwith CM volume in the study population according to

the development of CI-AKI

u-LFABP/Crs

Without CI-AKI
(N=31)

With CI-AKI
(N=9)

rs: Spearman coefficient

*: Statistically significant at p < 0.05

In Patients with and without CI-AKI There was statistically non-significant positive correlation between CM

volume and u-LFABP/Crg

Discussion

Over the past several decades, numerous advances
have been made in the understanding of the
pathophysiological mechanisms implicated in
AKI and the compensatory mechanisms involved
in renal 5 recovery. ® Reliance on SCr as a
marker of renal injury has contributed to the slow
translation of basic science discovery to
therapeutically effective approaches in clinical
practice.

Recent reports have established urinary L-FABP
as a useful biomarker in clinical models of
ischemic AKI. Yamamoto et al. ‘% reported that
urinary L-FABP levels correlated well with the
ischemic time of the transplanted kidney and with
the length of hospital stay in human living related-
donor renal transplant recipients. also, Portilla et
al “Ywho measured serum and urine L-FABP in
patients undergoing cardiac surgery. There was a
significant increase of urinary L-FABP levels 4 h
after the surgery, where as serum L-FABP levels
did not begin to increase until 12h
postoperatively. These observations support the
concept that the human urinary L-FABP level is
mostly determined by proximal tubule injury,
rather than extrarenal production (from liver
injury, or systemic inflammation associated with
cardiopulmonary bypass or sepsis),they found that
levels at the 4 h post-operative time point were

predictive of those who subsequently developed
AKI. These findings agreed the results of the
present study which showed that there was
positive statistically significant difference in u-
LFABP/Cry between the two studied groups
p<0.00land there was a statistically significant
difference between u-LFABP/Crg between the two
studied groups p<0.001 indicating that there is
actual increase of u-LFABP among CI-AKI
patients.

In addition, Nakamura et al. 2 conducted a study
on 66 patients undergoing non-emergency
coronary angiography who had a serum creatinine
level greater than 1.2 mg/dl (>106 umol/l) and less
than 2.5mg/dl (<221 pumol/l) and 30 healthy
volunteers reported that Urinary L-FABP levels
were detectable before angiography and predicted
those who developed contrast medium—induced
nephropathy. After 14 days, serum creatinine
levels returned to normal and L-FABP levels
remained high.

Michael A. Ferguson et al “® evaluated a
heterogeneous group of adult patients and showed
significantly elevated urinary L-FABP levels in
established AKI of varying etiology, including
acute tubular necrosis, sepsis, and nephrotoxin
exposure. They Showed the comparative value of
multiple biomarkers in the diagnosis and
prognosis of AKI. ®¥ The diagnostic ability of
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urinary L-FABP in hospitalized patients was very
good, comparable to other well-described
biomarkers of AKI, including NGAL , KIM-1 ,
NAG L, and statistically better than IL-18
.Considerable overlap of urinary L-FABP values
was noted, particularly among AKI patients and
ICU controls without AKI. There are at least two
explanations for this phenomenon. It is possible
that increased urinary L-FABP levels in acutely ill
ICU patients without a diagnosis of AKI are
indicative of some other systemic process and
therefore reflect decreased specificity for AKI.
Alternatively, it is possible to be due to subtle
renal injury that does not result in increased SCr
and therefore reflect increased sensitivity for AKI.
Paweena S..et a*? summarize the results of all the
published studies that have examined the
performance characteristics of urinary biomarker,
L-FABP. Of the 12 identified cohort studies of
patients at-risk for AKI, only 7 could be meta-
analyzed for diagnosis of AKI, whereby urinary
L-FABP displayed good performance
characteristics  with  high  sensitivity and
specificity, especially among patients undergoing
cardiac surgery at risk for development of AKI.
Paweena S.,et al “ subgroup analysis of patients
undergoing cardiac surgery, found that 4-hour
post-operative time-point offered good biomarker
performance. In the present study measuring
urinary L-FABP was 6 hours post cardiac
catheterization. There was a statistically
significant positive correlation between u-
LFABP/Cro and ( Cro ,Crzs ,Crag Crs2) and there
was a statistically significant positive correlation
between u-LFABP/Crg and(Crq,Cra4 ,Crag ,Cr7y).

In the current study there was a statistically
significant negative correlation between eGFR
and u-LFABP/Crjin the studied population (rs=-
0.326,p=0.040) and there was also a statistically
significant negative correlation between eGFR
and u-LFABP/Crg in the studied population (rs=-
0.496,p=0.001) these findings agreed the
aforementioned studies showing that urinary L-
FABP displayed good performance characteristics
especially among patients undergoing cardiac
catheterization at risk for development of

AKI.Also these findings were confirmed by
having a statistically non-significant positive
correlation between u-LFABP/Cr, and baseline Cr
(Cro, Craa ,Crgg y and statistically significant
positive correlation between u-LFABP/Crg and
Crz, (r=0.596,p=0.020).

Clinical Evaluation trial indicated that in 80% of
CIN cases serum creatinine started to rise within
the first 24 h post-CM exposure, and most
patients who progressed to serious renal failure
had a rise in serum creatinine within this time.
The same study showed that patients with less
than 0.5 mg/dl rise in serum creatinine within the
first 24 h were unlikely to have any clinically
form of CIN (15)

Controversy exists whether the use of different
contrast agents is of any benefit in diminishing the
risk of CIN. In studies by Katholi et al.*® and by
Harris et al.,'” the decrease in creatinine clearance
was more pronounced and lasted longer in the
group that received high-osmolality CM compared
to the arm exposed to low-osmolality CM. On the
contrary, Schwabet al.®*did not show any
significant differences in nephrotoxic effect
between several studied CM.

The findings in the present study were in
accordance with studies by Katholi et al.*® and by
Harris et al.,” There was a statistically significant
correlation between CI-AKI and lohexol
administration p=0.008 and these findings were
not found with the other two types of contrast
(lopromide, lodixanol )

The osmolality of iohexol( Omnipaque) ranges
from (322 -844)mOsm/kg 1-3 times that of blood

plasma Jdopromide( Ultravist ) IS a
low osmolar, non-ionic contrast agent
(774mOsm/kg)

lodixanol (Visipaque ) is the only iso-osmolar
contrast agent, with an osmolality of 290
mOsm/kg, the same as blood.

Contrast Medium Volume and dose may alter the
risk of contrast-induced AKI. Generally, a volume
of contrast medium of no more than 100 mL is
preferable for patients with an eGFR lower than
60 mL/min/1.73 m . A volume limit of 5 mL/kg
body weight normalized to the serum creatinine
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concentration has also been proposed as a
threshold for contrast-induced AKI in patients
with CKD. The ratio of contrast medium volume
to CrCl has been suggested to be a more accurate
predictor of AKI than other factors; a ratio higher
than 3.7 is associated with increased risk. This
ratio could be applied prospectively to determine
the maximum contrast medium volume that can be
administered without substantially increasing the
risk of AKI.*

In the present study patients with CI-AKI showed
statistically non-significant positive correlation
between CM volume and u-LFABP/Crg
(r=0.067,p=0.865) ,this finding may be attributed
to small sample sized.
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