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ABSTRACT:

BACKGROUND: Acute kidney injury (AKI) is a serious complication,
commonly occurring in the critically ill population, with devastating
short-and long-term consequences, and its incidence is rising atan
alarming rate . Tissue inhibitor of metalloproteinase-2 (TIMP-2) was
reported as an emerging biomarker for predicting severe AKI in
critically ill patients

METHODS: This Prospective case control studywas conducted on
60 critically illchildren of both sex admitted to PICU of Benha
children Hospital and 20 healthy control group of both sex. The
study was conducted during the period from September 2016 to
December 2016 . All cases were followed up for 2 months or until
they improved or died. The study group was devided into 3 groups
Acute kidney injury group (AKI gp) : critically ill with AKl included 36
patients , Non Acute kidney injury group(Non AKI gp) : critically ill
without AKI included 24 patients , Control group : control group
comprised 20 apparently healthy children matched in age and sex
with patient groups . AKl etiologies were: dehydration/hypovolemia
(n = 5) , hemodynamic instability (n = 9), septic shock (n =20)
vasculitis (n=2)

RESULTS: There was statistical significant difference between the
studied groups regarding serum TIMP 2 day 1 as it was higher in AKI
group than non AKI group than control group

CONCLUSIONS: TIMP-2 can be used as a urinary biomarker for early
detection of acute kidney injury (AKI) in critically ill patients.

INTRODUCTION

Acute kidney injury (AKI) is a serious complication, commonly
occurring in the critically ill population, with devastating short-and
long-term consequences, and its incidence is rising at an alarming
rate . Despite standardization of the definition and staging of AKI,
early recognition remains challenging given that serum creatinine
level is a marker, albeit imperfect, of kidney function and not kidney
injury. Furthermore, the delay in increase in serum creatinine level
after loss of glomerular filtration also prevents timely detection of
decreased kidney function in patients with AKI . (Vijayan et al .,
2016)

In the past decade, the Kidney Disease Improving Global Outcomes
(KDIGO) criteria was validated in large patient cohorts and classifies
AKl into three stages based on increases in serum creatinine (sCr)
and decreases in urine output (UOP). A recent publication
highlighted the importance of UOP in the criteria. The Acute Dialysis
Quality Initiative has proposed the inclusion of renal stress/damage

biomarkers.(Kellum etal.,2015), (Murrayetal.,2014)

Unfortunately, serum creatinine measurement is an imperfect
reference standard test both its sensitivity and specificity are
affected by age, sex, muscle mass, exercise, and diet, as well as by
certain drugs and underlying clinical conditions. In addition,
because of kidney reserves, levels of serum creatinine may not
increase until as much as 50% of kidney function has been
lost.(Malyszko etal.,2014)

Tissue inhibitor of metalloproteinases-2 (TIMP-2) has recently been
suggested as a promising tool for the early detection of AKI in
critically ill patients . Both proteins are inducers of the G1 cell cycle
arrest, considered as a key mechanism of AKI. (Kashani et al .,
2013)

Tissue inhibitor of metalloproteinases-2 (TIMP-2) is a human gene,
thought to be a metastases suppressor.This gene isa member of the
TIMP gene family. The proteins encoded by this gene family are
natural inhibitors of the matrix metalloproteinases, a group of
peptidases involved in degradation of the extracellular matrix. In
addition to an inhibitory role against metalloproteinases, the
encoded protein has a unique role among TIMP family members in
its ability to directly suppress the proliferation of endothelial cells.
As a result, the encoded protein may be critical to the maintenance
of tissue homeostasis by suppressing the proliferation of quiescent
tissues in response to angiogenic factors, and by inhibiting protease
activity in tissues undergoing remodelling of the extracellular
matrix.TIMP-2 functions as both an MMP inhibitor and an activator.
TIMPs inhibit all active MMPs, but different TIMPs inhibit different
MMPs better than other TIMPs. For example, TIMP-1 inhibits MMP-7,
MMP-9, MMP-1 and MMP-3 better than TIMP-2, and TIMP-2 inhibits
MMP-2 more effectively than other TIMPs.(Bourboulia et al.,2010)

Recently, tissue inhibitor of metalloproteinase-2 (TIMP-2) was
reported as an emerging biomarker for predicting severe AKI in
critically ill patients.. In cells of various different types, including cells
in renal tubules and glomeruli, TIMP-2 is expressed constitutively.
Reportedly, TIMP-2 is involved with G1 cell cycle arrest during the
early phases of cell injury . Renal tubular cells enter a short period of
G1 cell cycle arrest following renal ischemic insult . Therefore,
enhanced TIMP-2 expression can be expected in the pathological
condition of AKl.(Kashani etal., 2013), (Meersch., 2014)

Patientsand methods:

*Studygroup:

This Prospective case control studywas conducted on 60 critically
ilichildren of both sex admitted to PICU of Benha children Hospital
and 20 healthy control group of both sex. The study was conducted
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during the period from September 2016 to December 2016 . All

cases were followed up for 2 months or until they improved or died.

The study group was devided into 3 groups:

* Acute kidney injury group (AKI gp) : critically ill with AKI
included 36 patients (8 femalesand 28 males) .32 patients died
and 4 survived . Their mean age was3.33+3.91 ranged0.5-14
yearsdiagnosed by clinical examinations and laboratory
investigations using pRIFLE crieteria and GFR by Shwartz
formula.

* Non Acute kidney injury group(Non AKI gp) : : critically ill
without AKI included 24 patients (7 females and 17 males ) . 9
patients died and 5 survived. Their mean age was 5.5 £5.45
ranged0.17-16years.

» Control group: control group comprised 20 apparently healthy
children matched in age and sex with patient groups and they
were clinically free from any diseases collected from vaccination
outpatient clinic and from general population.Their mean age
7.53+5.64ranged 7.53+5.64 ranged 0.08-16 years.

The study was approved by the Ethical Committee of Benha
university. An informed consent was obtained from one of the
parents before enrollment of the patients.

e Inclusioncrieteria:
All children who are critically ill and admitted to PICU during the
study period .Patients aged from 1 monthto 16 yearsold.

» Exclusioncrieteria:

Children with chronic kidney disease or any other chronic co-
morbidity .

» Agel7yearsorolder.

* Neonates

» Underchemotherapy

Methods:
All children incorporated in this study were subjected to the
following:

A-Careful history taking regarding:

» Personalhistory:Name,age, sex, residence and social level.
e Complaint.

» History of presentillness.

» Pasthistory of diseases, operations or medication.

»  Family history.

» Dieteticandvaccination history.

B-Thorough clinical examination regarding

General examinationincluding

1- level of consciousnessand complexion (pallor,cyanosis).

2- Vital signs (heart rate. respiratory rate, blood pressure and
temperature)

3-  Anthropometric measurements: including weight and height
were recorded. Body mass index (BMI) was calculated as kg/m2
(Normal BMI = 18.5-24.9, underweight = BMI <18.5 and
Overweight BMI = 25-29). Weight was measured in kg (to the
nearest 100 grams) using an electronic digital scale and its
accuracy was periodically verified using reference weights.
Length was measured in cm (measured to the nearest mm);
children were measured on scales with height gauges, the
subject standing with back against the gauge and feet on the
weighing platform. All measurements were taken by the same
person.Patients' height & weight for age percentiles were
checked according. (WHO, 2006)

* Systemicexamination

1.Chestexamination

« Inspection for: retractions, chest movements, and signs of
respiratory distress).

« Palpationfortracheal shiftand palpable bronchi.

« Auscultationfor (breath sounds and adventious sounds).

2.Cardiacexamination
Inspection and papation:for pericordialpulge,pulsations and thrill
Auscultation:fors1,ands2 and for murmurs

3.Neurological examination

«  Glasgow Coma Scale was done, examination for motor, sensory,
cerebellarand extrapyramidal systems.

«  Pupilexamination forequality and reactivity was done.

4. Abdominal examination

* Inspecion : for abdominal enlargement, stria,scratch marks and
pigmentation

« Palpation:fororganomegally

e Auscultation:forintestinal sounds

e Percussion:forascitis

Scoring procedure

» The severity of illness in the first 24 hours was assessed as
defined by Pediatric Risk of Mortality Il (PRISM-III) score.

e Inbrief, PRISM Ill was scored based on age related physiological
parameters including systolic blood pressure, heart rate,
temperature, pupillary reflexes, mental status, acidosis (pH and
total Co2), pCO2, pO2, glucose, potassium, creatinine, blood
urea, white blood cell count, platelet count, and prothrombin or
partial thromboplastin time.

Total PRISM lll score = (cardiovascular and neurologic subscore) +
(acid base and blood gas subscore) + (chemistry subscore)+
(hematology subscore)

Interpretation:

e minimumsubscore andtotal score:0

«  maximum cardiovascularand neurologic subscore: 30
* maximumacid-base and blood gas subscore: 22

*  maximum chemistry subscore: 10

*  maximum hematology subscore: 12

e maximumtotal PRISM Il score: 74

»  Thehigherthetotal score, the worse the prognosis.

» Arisingscoreindicates deterioration.

(Bhadoria and Amit.,2008)

Laboratory Investigation:

* 1 mlof heparinized sterile arterial blood was taken for ABG and
was done using 9180 Electrolyte Analyzer.

» six ml venous blood was collected from each subject by clean
venipuncture using a disposable plastic syringe and
subsequently divided into:

» 2 ml of blood was taken on ethylene diamine tetra-acetic salt
(EDTA) (1.2mg/mL) as an anticoagulant, then was used for
complete blood count (CBC) Done by automated hematology
analyzer sysmexxs 800 (SN:63387) (Tatsumi etal, 2002).

«  2ml of blood was taken on sodium citrate, as an anticoagulant
and was used for measurement of PT,PTT Done by
CoaDATA4004. (Levyetal.,2014)

»  2ml of blood was taken on a plain tube (without anticoagulant)
for serum separation. The tube was left at room temperature for
30 minutes till coagulation, and then was centrifuged (at 1500
rpm for 15 minutes). The resultant serum was used for clinical
chemistry tests: CRP, Urea, creatinine, potassium and blood
sugar. Done by BT3500.

»  GFRwascalculated by Scwartzformulaatday 1and 3.

* Urine output:was calculated on day 1 and 3 by assembling the
total amount of urine excreted in 24 hours divided by24 then
devided by the patient's weight

»  Urine analysis : 10 ml of fresh urine was collected in a clean jar
then was sent to the laboratory to be examined for glucose ,
acetoneand protein .

k x Height

Serum Creatinine

eGFR =
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» BiomarkerAssay (TIMP-2)

1ml of freshly obtained urine sample Centrifuged for 20 minutes at
1000xg at 2 - 8°C. The supernatant was collected and the assay was
carried out immediately. Done by using Human TIMP-2
(Metalloproteinase inhibitor 2) ELISA kit manufactured and
distributed by USA and Canada and using plate washerV-230 A 0.35
modelTIPO D1 and platereaderV230 A 0.3 model TIPO A4.

Principle of the Assay

This kit was based on sandwich enzyme-linked immune-sorbent
assay technology. Anti- TIMP-2antibody was pre-coated onto 96-
well plates. And the biotin conjugated anti- TIMP-2 antibody was
used as detection antibodies. The standards, test samples and biotin
conjugated detection antibody were added to the wells
subsequently, and wash with wash buffer. HRP-Streptavidin was
added and unbound conjugates were washed away with wash
buffer. TMB substrates were used to visualize HRP enzymatic
reaction. TMB was catalyzed by HRP to produce a blue color product
that changed into yellow after adding acidic stop solution. The
density of yellow is proportional to the TIMP-2 amount of sample
captured in plate. Read the O.D. absorbance at 450nm in a
microplate reader, and then the concentration of TIMP-2 can be
calculated.(Lietal.,2001)

Statistical analysis:
The collected data were tabulated and analyzed using SPSS version

16 software (SPSS Inc, Chicago, ILL Company). Categorical data
were presented as number and percentages using Chi square test
(X?) and Fisher's exact test to analyze them. Continuous variables were
tested for normality using Kolmogorov Smirnov test, Quantitative
data were expressed as mean + standard deviation and range if
normally distributed, using Student "t" test to compare means of 2
parametric variables. ANOVA test was used to compare 3 parametric
independent variables. Non parametric variables were expressed as
median and IQR using Man Whitney U test (MWU) for two variables or
Krauskal Wallis test (KWT) 3 independent variables. Spearman's
correlation coefficient (rho) was used to test correlations between
non parametric variables. Receiver Operator Characteristic curve
(ROC curve) was used to detect the cutoff value of vitamin D level with
optimum sensitivity and specificity in the prediction of DM and its
control state. The accepted level of significance in this work was stated
at0.05 (P <0.05 was considered significant).

RESULTS:

Eighty subjects were enrolled in the study including 36 AKI patients,
24 patients without AKI (non-AKI group ) and 20 apparently healthy
control children . The epidemiological data are presented in table
(1).In table (1), there was statistical significant difference between
the studied groups regarding age , weight and height as it was
higher in control group than non AKI group than AKI
group.However ,there was no statistical significant difference
regarding sexand BMI.

Table(1) : comparison between the studied groups regarding sociodemographic data

Variable AKI (no.=36) Non-AKI (no.=24) Control (no.=20) Test P
No. % No. % No. %
Sex Female 8 22.22 7 29.17 6 30.0 X?=0.55 0.76
Male 28 77.78 17 70.83 14 70.0
Mean +SD |Range Mean £SD |Range Mean +SD |Range
Age (years) |3.33+3.91 0.5-14 5.54+5.45 0.17-16 17.53+5.64 |0.08-16 F=4.96 0.009 (S)
Weight (kg) |16.54+13.66 |9-54 17.5+9.03 3-33 126.37+£16.63 |3-50 F=3.69 0.03 (S)
Height (cm) [83.97+£18.31 |70-134 191.67+27.88 |43-134 1112.7+35.7 |50-160 F=7.67 <0.001 (HS)
BMI (kg/m?) |20.78+6.3 [15-37.5 19.51+4.09 10.2-26.6 [18.52+3.21 12-23.14  |Kruskal Wallis ~ {0.98
test=0.04

F: OnewayAnalysisOf Variance (ANOVA) X*: Chi-squared test , S:
Significant (P<0.05) , HS: Highly Significant (P<0.001) , t: Significant
differences compared to AKI group

Asregarding AKl etiologies:

AKI etiologies were: dehydration/hypovolemia (n = 5) ,
hemodynamic instability (n = 9), septic shock (n =20) vasculitis (n=
2)asintable (2) &Fig (1)

Table(2):comparison between the studied patient groups as
regard diagnosis:

Diagnosis AKI Non-AKI | Z P
(n0.=36) | (no.=24)
No.| % |No.| %
Respiratory Total 0 [ 00| 7 |29.17{3.45|<0.001
system Lobar Pneumonia | 0 [ 0.0 | 2 |8.33(1.76| (HS)
bronchopneumonia| 0 | 0.0 | 5 |20.83|2.86| 0.09
0.004
)
Endocrine DKA 0 | 00| 5 [20.83/2.860.004
(S)
GIT Gedehydration/ | 5 [13.89] 0 | 0.0 [1.91| 0.06
hypovolemia
Miscellaneous Post-arrest 9 |250| 2 [833|1.63| 0.10
hemodynamic
instability
septic shock 20 [55.56| 7 |29.17|2.01| 0.04
)
Vascuitis 2 |556| 3 |12.50{0.95| 0.34

Z: the test of proportion ,S: Significant (P<0.05) , HS: Highly
Significant (P<0.001)
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Figure (1) :Regarding diagnosis

There was statistical significant difference between the studied
patient groupsregarding PRISM Il score which s higherin AKI group
than non AKI group .Also regarding pRIFLEcrieteria it was higher
regarding Injury and Failure in AKI group than non AKI group. Table
(3)&Fig(2,3)

Table (3):comparison between the studied patient groups
regarding PRISM Il score and pRIFLE:

Variable AKI (n0.=36) [Non-AKl (no.=24)| Test P
Mean +SD|Range|Mean +SD|Range
PRISM IIl day1 16.72+5.6| 3-25 [5.58+10.52| 1-30 | Z= |<0.001
452 | (HS)
PRIFLE[ 0, n(%) 0(0.0) 24 (100)) FET |<0.001
Risk ,n (%) 0(0.0) 0(0.0) (HS)
Injury, n (%) 30(83.33) 0(0.0)
Failure, 6(16.67) 0(0.0)
n (%)
Loss of 0(0.0) 0(0.0)
function
(%)
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Z: Mann-Whitney test ,HS: Highly Significant (P<0.001) , FET: Fisher
ExactTest

B AKI HNon-AKI

1] Risk Injury  Failure Lossof
function
pPRIFLE
Figure (2) :Means of pRIFLE
30 .

-

AR RO PR

Figure (3):Means of PRISM lllonday 1

That there was statistical significant difference between the studied
patient groups regarding death and the cause of death as death rate
was higher in AKI group 88.89% to 37.5%, and the cause of death
due to sudden cardiorespiratory collapse was higher in non AKI
group as it was 37.5% to 2.78% and arrhythmia was higher in AKI
group 77.78%.Table (4) & Figure (4)

Table (4) :Comparison between the studied patient groups
regarding treatment of AKI, death and cause of death:

Variable AKI Non-AKI| Test P
(n0.=36) | (no.=24)
No.| % | No.| %
Treatment|Conservative 34 194.44| - - - -
of AKI Haemodialysis 2 (556 - | -
Death No 4 {11.11] 15 |62.5|X*>=17.57| <0.001
(HS)
Yes 32 (88.89] 9 |[375
Cause of |Arrhythmia 28 [77.78| 0 | 0.0| Z=5.92 | <0.001
death (HS)
Severe ICH 31833 0 |00]| Z=145]| 0.15
Sudden 11278| 9 |37.5| Z=3.53 |<0.001
cardiorespiratory 0 (HS)
collapse

X*: Chi-squared test,Z: the test of proportion , HS: Highly Significant
(P<0.001)
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Figure (4) : Means of treatment of AKI, death and cause of death

There was statistical significant difference between the patient
groups regarding length of PICU stay and length of hospital stay as it
was higherin non AKlgroup than AKIgroup . Table (5)

Table (5):Length of PICU and hospital stay in patient groups (
AKl group and Non AKI group):

Variable AKI Non-AKI T |P
(no.=36) (no.=24)
Mean +SD|Range|Mean £SD |Range
Length of PICU(7.03+7.01 [3-22 [14.08+7.45 [3-24 |3.72|<0.001

stay (days) (HS)
Length of 7.11£7.19(3-23 [14.21+7.35|3-24 |(3.71|<0.001
hospital stay (HS)

(days)

t: Student t-test, HS: Highly Significant (P<0.001)

F: Oneway Analysis Of Variance (ANOVA) X’ Chi-squared test , S:
Significant (P<0.05) , HS: Highly Significant (P<0.001), t: Significant
differences compared to AKI group , #: Significant differences
compared to non-AKIgroup

There was statistical significant difference between the studied
groups regarding TLCand CRP as it was higher in AKI group than non
AKIl group than control group. Also regarding Hb and PLT was lower
in AKI group than non AKI group than control group . Table (6) &
Figure(5,6,7,8)

Figure (5) :Means of TLC
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Figure (6) : Means of Heamoglobin
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Figure (7) : Means of Platelets
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Table(6): Comparison between the studied groups regarding CBCand CRP:

Variable AKI (n0.=36) Non-AKl)(no.=24) Control(no.=20) Test P
Mean +SD Range | Mean +SD Range Mean +SD Range
TLC 26.55+9.11 7.6-43 | 23.42+8.14 7.6-40 1t$5.81+1.14 4.2-8.2 F=50.49 <0.001(HS)
HB (gm/dl) 8.5+2.89 3-15 9.53+1.95 5.9-13.5 110.95+1.45 8.8-14.1 F=7.14 0.001(S)
PLT 244.72+109.02| 15-460 | 285.5+88.71 | 154-525 |1$374.35+80.39| 233-512 F=11.58 <0.001(HS)
CRP|Negative n (%) 5(13.89) 6(25.0) 20(100.0) X?=42.90 <0.001(HS)
Positive n (%) 31(86.11) 18 (75.0) 0(0.0)

There was statistical significant difference between the studied groups regarding serum Creatinine in day 3, serum Urea day 1, serum
Potassiumand TIMP 2 day 1 asit was higherin AKI group than non AKI group than control group. Also regarding UOP on day 1 and 3and GFRon
day 1 and 3 which was higher in control group than non AKI group than AKI group. As regarding protein in urine and protein creatinine ratio
was highly significantin AKI group .Table (7) & Figure (9,10,11,12,13,14)

Table(7)comparison between the studied groups regarding renal function tests:

Variable AKI (no.=36) Non-AKI (no.=24) Control (no.=20) Test P
Mean +SD Range Mean +SD Range Mean +SD | Range
Creatinine day1(mg/dl) 1.32+0.44 0.64-1.7 1.3£0.24 0.4-1.7 1.2+£0.51 0.3-1.5 0.53 0.59
Creatinine day3 (mg/dl) 3.14+0.46 2-49 10.85+0.22 | 0.4-1.05 | 1$0.47+0.1 |0.3-0.65| F=540.20 | <0.001 (HS)
Urea day1 (mg/dl) 85.78+41.21 35-286 |154.25+17.55 17-68 1429.25+7.16 | 20-40 |Kruskal Wallis| <0.001(HS)
test=47.20
Urine Normal Urine 18 (50.0) 19(79.17) 20(100.0) FET
analysis analysis (%) <0.001
Glucose ++/Acetone 0(0.0) 5(20.83) 0(0.0) (H9)
++, n (%)
Ptn.+, n (%) 18 (50.0) 0(0.0) 0(0.0)
Prt/Cr. Ratio 8.98+9.15 0-21.4 10 0 10 0 Kruskal Wallis <0.001
test=14.67 (HS)
UOP day1 (ml/Kg/h) 2.12+0.33 1-2.7 12.66+0.76 2-5 12.44+0.41 2-3.1 | Kruskal Wallis <0.001
test=15.93 (HS)
UOP day3 (ml/Kg/h) 0.42+0.16 0.1-0.7 12.4+0.43 2-33 12.44+0.41 2-3.1 F=360.72 <0.001(HS)
Serum potassium 6.94+0.7 5.7-8 13.83+0.64 3.2-55 14.3+0.7 3.5-5.5 F=180.57 <0.001(HS)
(mmol/L)
TIMP2 day1 (ng/ml) 14.23+1.37 [11.9-17.76| 15.08+3.34 | 0.01-10.5 | t#1.33+1.37 | 0.15-4 F=267.72 <0.001(HS)
GFR day1 38.76+29.67 | 18.5-133 | 61.37+42.17 | 26-156 |t$141.4+70.88| 97-171 F=31.96 <0.001(HS)
(ml/min/1.73m?)
GFR day3 15.06£6.66 9.5-42 [167.48+39.89| 31.5-156 (t+141.4+70.88| 97-171 F=59.39 <0.001(HS)
(ml/min/1.73m?)
F: Oneway Analysis Of Variance (ANOVA) ,Z: Mann-Whitney test , @
FET:Fisher ExactTest, t: Student t-test
HS: Highly Significant (P<0.001) ,t: Significant differences gm ;
compared to AKI group, #: Significant differences compared to non- 5 i
AKIgroup e
» Figure(11):Means of GFRonday 3
: :, =
O et cwmmemme e i
Figure (9) : Means of Glucose, Acetone and Protein in urine ;
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There was statistical significant difference in AKI group regarding
treatment of AKI whether conservative or by heamodialysis and
death . There is no statistical difference regarding sex, CRP, urine

analysisand pRIFLE . Table(8)

There was negative correlation regarding age , Hb , GFR day1 and
GFR day 3 in non AKI group and there was positive correlation
regarding PRISM I, Creatinine on day 1and day 3and Ureaonday 1
innon AKIgroup. Table (9)

The cutoff value , regarding Diagnostic performance of TIMP2 for
early detection of AKI in cases , is11.9 , sensitivity is 100% ,
specificity is 100%, PPV 1s 100% , AUC s 1, correctly diagnosed
casesare 100%.Table(10) &Fig(15)

Regarding diagnostic performance of TIMP-2 level for death in AKI
group, the cutoff value is 16.8 with sensitivity 90.62% , Specificity
25% , PPV 90.62% , AUC 0.773, correctly diagnosed cases 83.33% .
Table (11) &Fig(16) Regarding Diagnostic performance of
TIMP2 for hemodialysis in AKI cases , the cutoff value is 16.8 with
sensitivity 50% , Specificity 100% , PPV 100% , AUC 0.92, correctly
diagnosed cases 97.2%.Table (12) &Fig (17)

Table (8): comparison between TIMP-2 levels in AKI group regarding Sex, CRP, Urine analysis, pRIFLE, treatment of AKI, Death :

Variable TIMP2 T P
(no.=36) No. Mean +SD Range
Sex Female 8 14.19+0.47 13.3-14.6 0.09 0.93
Male 28 14.24+1.54 11.9-17.76
CRP Negative 5 14.69+1.83 13.3-17.76 0.81 0.42
Positive 31 14.15+1.3 11.9-16.8
Urine analysis Ptn. 18 14.6+1.48 12.2-17.76 1.66 0.11
Normal urine analysis 18 13.86£1.18 11.9-16.8
pRIFLE Failure 6 14.5+£1.06 13.7-16.2 0.53 0.60
Injury 30 14.17+1.43 11.9-17.76
Treatment of AKI Conservative 34 14.1+1.25 11.9-16.8 2.51 0.02
Haemodialysis 16.43+£1.88 15.1-17.76
Death No 15.52+1.34 13.7-16.8 2.11 0.04
Yes 32 14.06+1.3 11.9-17.76

t: Student t-test,, S: Significant (P<0.05)

Table (9) : correlation between TIMP-2 and estimated parameters :

Variable AKI (no.=36) Non-AKI (no.=24) Control (no.=20)
R P R ] r P
Age (years) 0.27 0.11 -0.48 0.02(S) -0.07 0.78
Weight (kg) 0.31 0.06 -0.36 0.09 -0.11 0.65
Height (cm) 0.21 0.22 -0.31 0.14 -0.07 0.77
BMI (kg/m’) p=0.23 0.18 0=033 0.11 p=-0.04 0.85
Length of PICU stay (days) 0.18 0.30 0.38 0.06 - -
Length of hospital stay (days) [0.18 0.28 0.37 0.08 - -
PRISM lll day1 p=-0.23 0.18 p=0.50 0.01(S) - -
TLC 0.06 0.70 0.32 0.13 -0.07 0.78
HB (gm/dl) 0.24 0.16 -0.44 0.03 (S) 0.04 0.88
PLT 0.18 0.30 -0.18 0.38 0.19 043
Creatinine day1 -0.07 0.69 0.71 0.001 (S) 0.33 0.16
Creatinine day3 0.03 0.84 0.76 <0.001 (HS) 0.33 0.16
Urea day1 p=-0.06 0.71 p=0.80 <0.001 (HS) p=-0.005 0.98
Prt/Cr. Ratio p=-0.30 0.07 - - - -
UOPday1 p=0.16 0.36 p=-0.22 0.30 p=0.08 0.73
UOP day3 0.18 0.30 -0.15 0.48 0.13 0.58
K -0.09 0.59 0.22 0.29 -0.37 0.10
GFRday1 0.21 0.23 -0.54 0.007 (HS) -0.27 0.25
GFR day3 0.26 0.13 -0.50 0.01 (S) -0.27 0.25
r: Pearson correlation coefficient, p: Spearman correlation coefficient (rho) , S: Significant (P<0.05) , HS: Highly Significant (P<0.001)
Table (10)Diagnostic performance of TIMP2 for early detection of AKl in cases:
Sample Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC Correctly diagnosed (%)
Cases (n0.=60) 1.9 100.0 100.0 100.0 100.0 1.00 100.0
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1.00

0.00 0.25 0.50
1 - Specificity
Area under ROC curve = 1.0000

Figure (15) shows Diagnostic performance of TIMP2 for early
detection of AKlin cases

Table (11) shows diagnostic performance of TIMP-2 level for
death:

Sample |Cut |Sensitivity |Specificity| PPV |NPV |AUC |Correctly
off ((%) (%) (%) |(%) diagnosed
(%)
AKI 16.8(90.62 25.0 25.0{90.62(0.7773(83.33
(no.=36)
1.004
0.754
2
ﬁ 0.504
0.2549
0.00
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROCcurve = 0.7773

Figure (16) shows diagnostic performance of TIMP-2 level for
deathin AKlgroup:

Table(12):Diagnostic performance of TIMP2 for hemodialysis in
AKl cases

SampIeICut Sensitivity| Specificity| PPV NPV |AUC
off ((%) (%) (%) [(%)

Correctly
diagnosed
(%)

Cases |16.8|50.0 100.0 100.0|97.14 {0.9265(97.22

(n0.=36)
1.00
0.754
0.254
0.001

T T T T
0.00 0.25 0.75 1.00

Sensitivity
)
o
S

0.50
1 - Specificity
Area under ROC curve = 0.9265

Figure(17):Diagnostic performance of TIMP2 for hemodialysis
in AKl cases

DISCUSSION:

Acute kidney injury (AKI) in pediatric patients is characterized
clinically by rapid loss of glomerular filtration rate (GFR), resulting in
a failure to excrete end products of nitrogen metabolism and to
maintain fluid volume, electrolyte and acid-base homeostasis
.(Vanmassenhoveetal., 2013)

The incidence of AKlin hospitalized childrenisrising, and the etiology
of pediatric AKI (pAKl)is dramatically changing from isolated acute
renal disease to multiple organ failure. Using pediatric-modified Risk,
Injury, Failure, Loss, End-Stage Kidney Disease (pRIFLE) criteria, the
incidence of AKI varies between 30 % and 50 % in children
undergoing cardiac surgery for congenital heart disease and may
jumpto extremerates (up to 82 %) in critically ill children with multiple
organfailure.(Vanmassenhoveetal.,2013)

Acute kidney injury (AKI) has a high impact on health care systems
because of its high morbidity and mortality rates,length of hospital
stay, and treatment costs. Thus, prevention and early diagnosis are
essential to provide measures to avoid the onset of dialysis as much
as possible. Although molecular markers of early kidney damage
would be ideal, they are unfortunately unavailable for routine
clinical use.Therefore, variations in serum creatinine according to
the Acute Kidney Injury Network (AKIN) and Kidney Disease
Improve Global Outcome (KDIGO) criteria remain a valid tool for
diagnosis.(Remuzziand Horton, 2013)

Extensive research efforts over the last decade have been directed
at the discovery and validation of numerous (>28) novel AKI
biomarkers. Most of these protein-bound biomarkers are indicators
of structural renal damage rather than of decreased kidney
function. Anideal AKl biomarker should be accurate, reliable, easy to
measure with a standard assay, noninvasive, reproducible and
sensitive, and specific with defined cutoff values. Of great
importance, novel biomarkers of AKI must provide additional
information that is not surmised from clinical evaluation and
standard laboratory tests. Urine represents an ideal body fluid for
AKI biomarker assessment, as it can be obtained non invasively and
repeatedly from a spontaneously voided urine sample orfrom an
indwelling bladder catheter. Urinary biomarkers such as neutrophil
gelatinase-associated lipocalin (NGAL) kidney-injury molecule-1
(KIM-1), interleukin-18 (I-18),urinary liver-type fatty-acid-binding
protein (L-FABP) , tissue inhibitor of metalloproteinase 2(TIMP-2)
and insulin like growth factor binding protein 7 (IGFBP 7 )show
promise in both diagnostic and prognostic utility in patients with
AKlarising fromvarious causes.(Kimmel etal ., 2016)

Tissue Inhibitor of Metalloproteinase 2 (TIMP-2) is a protein
expressed by healthy human kidneys that contribute to a cell-cycle
arrest of the tubular cells in the kidneys in response to injury
.(Konvalinka, 2014)

Afew studies have shown that tissue inhibitor of metalloproteinase-
2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP7)
are specific biomarkers of structural renal damage in critically ill
patients. Renal tubular cellsenterin G1 cell arrest to block the effects
of molecules contributing to cell-cycle promotion, such as cyclins.
This mechanism prevents the extension of cell damage. TIMP-2 and
IGFBP7 are protective molecules involved in G1 cell-cycle arrest that
moderate apoptotic, angiogenic, inflammatory and ischemic
processes. Since renal cell arrest usually occurs 24-48 h before sCr
rises due to a significant fallin the glomerular filtration rate,
therefore enhanced TIMP-2 expression can be expected in the
pathological condition of AK and thought to be earlier AKI
biomarkersthan sCr.(Hoste etal., 2014).

So the aim of our work was to assess the clinical use of TIMP-2 level as
aurinary biomarker for early detection of acute kidney injury (AKI) in
criticallyill children.

In the current study, there was statistical significant difference
between the patient groups regarding length of PICU stay, length of
hospital and PRISM stay as it was higher in non AKI group than AKI
group.While PRISM Ill score was higher in AKI group than non AKI
grouped. Our results were in agreement with Westhoff et al .,
2015, who found that The length of the ICU stay was 4-fold and the
length of hospitalization 1.7-fold higher in the AKI group compared
to the non-AKI group.Also Dong et al., 2017, found that lengths of
hospital stay were longerin AKI group than non-AKI groups

But these results disagreement with Schanzet al., 2017 who
studied the predictive ability of urinary [TIMP-2] for development of
AKlin decompensated heart failure on 400 patients and found that
Patients with AKI stage 2-3 had a significantly longer hospital stay
than those with no or stage 1 AKI (P = 0.005).Forty patients had
ADHF upon presentation and sufficient data for AKI staging.
27.5%developed AKl stage 2-3 within 7 days.



INTERNATIONAL JOURNAL OF PURE MEDICAL RESEARCH

Also Meersch et al., 2014 and Gist et al., 2017, found that length
of stay in the intensive care unit and hospital, respectively, were not
differentamong patients with and without AKI.

In the present study there were statistically significant lower values
of hemoglobin in AKI group than non AKI group than controls.Also
there was statistical significant difference between the studied
groups regarding baseline serum Creatinine in day 1 and 3, serum
Urea day 1, protein in urine and protein creatinine ratio, serum
Potassium and TIMP 2 day 1 were found significantly higher in AKI
group than non AKI group than the control group. However
regarding urine output (UOP) onday 1 and 3and GFRonday 1and 3
which was higher in control group than non AKI group than AKI
group. Our results were in agreement with Westhoffet al .,
2015who found that SCr on study enrollment was significantly
higherin the AKI group compared to the non-AKI group. In addition,
the AKI group displayed significantly higher values for urinary
protein concentration and urinary protein-to-creatinine ratio
compared to the non-AKI group(P < 0.001) .Also regarding Median
urinary [TIMP-2] not significantly (P = 0.41) higher in the non-AKI
group ll compared to the non-AKI group | but significantly increased
in the AKI group (P<0.001 vs. non-AKI group |; P =0.001 vs. non-AKI-
groupll).

Gist etal., 2017 found that Urinary TIMP-2 was significantly higher
in patients with AKland increased by a median of 12 hours (IQR6-16
hours) before a rise in serum creatinine in patients with all stages of
AKIl was detectable. Including those patients with stage 2 or 3 AKI,
TIMP-2 increased by a median of 13 hours (IQR 9-17 hours) priortoa
risein serum creatinine.

Meersch et al., 2014, found that AKI occurred in 12 (24%) of the 51
patients 1.67 days after surgery. Inpatients who developed AKI, SCr
significantly increased from0.3 mg/dl (SD 0.1) at baseline to 0.7
mg/dl (SD 0.2) two days after surgery, whereas SCr in patients who
did not develop AKI remained unchanged. In the 39 patients who
never developed AKI, a significant decrease in urinary [TIMP-2] level
after surgery was noted as compared to the preoperative
measurement (p,0.01). By contrast, those who subsequently
developed AKI had a striking rise in urinary [TIMP-2] level 4 h after
the procedure as compared to the pre-surgery values.

Inthe current study regarding comparison between TIMP-2 levels in
AKl and non- AKI group there was statistical significant difference in
AKl group regarding treatment of AKI whether conservative or by
hemodialysis and death. However there was no statistical significant
difference in AKI and non AKI group regarding sex, CRP, urine
analysis .Regarding correlation between TIMP-2 and estimated
parameters in both AKI and non- AKI group there was negative
correlation regarding age, Hb, GFR day1 and GFR day 3 in non AKI
group and there was positive correlation regarding PRISM
Ill,Creatinine on day 1 and day 3 and Urea on day 1in non AKI group.
There was no statistical significant correlations between TIMP-2 and
estimated parametersin AKI group.

In the present study multiple linear regression analysis of TIMP-2
strengthened the ability to identify those at risk for AKI when added
top RIFLE, PTN/Cr ratio, creatinine day 1, GFR day1,GFRday3 and
PRISM [1I.ROC curve analysis for the accuracy of [TIMP-2] in
prediction of AKI revealed the cutoff value is 11.9 with sensitivity
100.0% , Specificity 100.0% , PPV 100.0% , NPV 100.0%, AUC 1.00
and for detection of hemodialysis (renal replacement therapy
[RRT]revealed the cutoff value is 16.8 with sensitivity 50.0% |,
Specificity 100.0%, PPV100.0%, NPV 97.14% , AUC 0.926.

In Cuartero et al ., 2017study , The AUROC curve of the worst value
TIMP-2within the first 12 h of ICU admission for AKI prediction was
0.798, with sensitivity of 73.5% and specificity of 71.4%.

Also as regard diagnostic performance of TIMP 2, several studies
were doneasfollowing:

* Hoste,2014:AUCwas0.79, sensitivity 89% and specificity 53%

*  Meersch, 2014 : AUC was 0.84, sensitivity 92% and specificity
81%.

« Bihorac, 2014 :AUC was 0.82 , sensitivity 92% and specificity
46%. They enrolled 408 critically ill patients from both surgical
and medical ICUs .71 patients developed AKI, 337 didn't
develop AKland 12 samples were either missed or invalid. Most
of the patients presented with acute cardiovascular or
respiratory dysfunction and sepsis at ICU admission (79, 70, and
24%, respectively).

»  Wetz,2015:AUCwas0.70, sensitivity 47% and specificity 96%.
42 patients were included in the study Sixteen patients (38%)
experienced AKI within 60 hours postoperatively, whereas
twenty-six patients (62%) had no AKI. Thirteen patients (31%)
were classified as KDIGO 1 and three patients (7%) as KDIGO 2.
KDIGO 1 was achieved due to serum creatinine rise in seven
patients, and six patients had primarily oliguria. KDIGO 2 was
classified twice on the basis of oliguria, and one patient showed
anincrease of serum creatinine

» Pilarczyk, 2015 : AUC was 0.86, sensitivity 80% and specificity
81% . This was prospective cohort study done on 60 consecutive
patients 48 male and 12 female patients with 19 patients
developed an AKI (31.6 %), six patients met the endpoint with
AKI20r3(10%).

» Dusse, 2016 : AUC was 0.97, sensitivity 100% and specificity
90%

«  Kimmel, 2016 : AUC was 0.76 , sensitivity 76% and specificity
53%.0f400 enrolled patients, 298 had sufficient sCrandUOdata
for classification by KDIGO AKI criteria:AKl stage 2 developed in
37 patients andAKl stage 3 in nine patients.All urinary
biomarkers, sCr, and plasma cystatin C had statistically
significant (P,0.05) odds ratios (ORs) for the AKl end point.

* Gunnerson , 2016 : AUC was 0.84 , sensitivity 89% and
specificity 49%. A total of 375 patients were included in the final
analysis of whom 35 (9%) developed moderate-severe AKI
within 12 hours.

» Honore, 2016 : AUC was 0.84, sensitivity 77.5% and specificity
75%. They included 232 patients in the analysis and 40 (17%)
developed acute kidney injury. We observed significantly
higher urine tissue inhibitor of metalloproteinase-2 in patients
with acute kidney injury than without acute kidney injury in
both patients with low and high non-renal Sequential Organ
Failure Assessmentscores (p <0.001).

Limitations of the study:

»  The main problem is the size of the sample and the differencein
theages of the patients

» Also Schwartz formula based on serum creatinine and height
were considered the gold standard despite the controversy and
itisusedin clinical practice.

» Another drawback was that the unavailability of hemodialysis
and lacking experience of peritoneal dialysis.

CONCLUSIONS:

» Tissue inhibitor of metalloproteinases-2 (TIMP-2) has a good
diagnostic and prognostic performance in pediatric patients
admittedin PICUs and developed AKI.

»  TIMP-2 can be used as a urinary biomarker for early detection of
acutekidneyinjury (AKI) in critically ill patients.

e The [TIMP-2] test allowed us to identify patients at increased
AKlrisk.

» Despite the aforementioned limitations, the results of this
metaanalysis indicated that urinary [TIMP-2]-[IGFBP7] may be a
reliable biomarker for the early detection of AKI. However, given
the significant heterogeneity among the included studies,
clinicians should be aware of the utility and limitations of this
biomarkerin clinical practice.

Recommendations:
e Theuseof TIMP-2 as screening tests for early detection of kidney
injury.
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Further studies to estimate the reference range for TIMP-2 in
Egyptian pediatricintensive care units.

New studies with a bigger sample of patients and more accurate
gold standards to use for comparisons will be necessary to
establish TIMP-2 as biochemical markers for monitoring GFR in
unstable critically ill children.

New studies should be applied on sick neonates admitted to
NICUs.
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