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Ischemia-Modified Albumin as
an Early Diagnostic Marker for

Acute Renal Ischemia and Infarction

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Acu te re nal in farc ti on is a con di ti on sel dom en co un te red in emer gency
de part ments and it is ge ne rally di ag no sed by chan ce when con si de ring ot her di ag no ses. This
study in ves ti ga tes whet her or not se rum isc he mi a-mo di fi ed al bu min (IMA) le vels ri se in rats
sub jec ted to re nal isc he mi a and in farc ti on produced by clam ping of the re nal ar tery. MMaa  ttee  rrii  aall
aanndd  MMeett  hhooddss::  In this ran do mi zed, con trol led and non-blin ded tri al, 24 ma tu re ma le Wis tar rats
we re di vi ded in to fo ur, as two con trol gro ups (Gro ups I and II I) and two in ter ven ti on gro ups
(Gro ups II and IV). In the con trol gro ups, blo od was samp led in Gro up I at the 30th mi nu te and
in Gro up III at the sixth ho ur, fol lo wing a simp le la pa ro tomy. In in ter ven ti on gro ups II and IV,
the re nal ar tery was li ga ted le a ding to isc he mi a, and blo od samp les we re ta ken at the 30th mi -
nu te and sixth ho ur, res pec ti vely. RRee  ssuullttss:: No dif fe ren ce was de ter mi ned in terms of IMA le vels
in blo od samp les ta ken from the con trol and isc he mi a gro ups at the 30th mi nu te (p= 0.12), alt -
ho ugh plas ma IMA le vels in the isc he mi a gro ups we re sig ni fi cantly hig her com pa red to tho se
of the con trol gro ups in the 6th ho ur blo od samp les (p= 0.01). In ad di ti on, in the isc he mi a gro -
up, sixth ho ur blo od samp le le vels we re hig her than the 30th mi nu te samp le levels (p= 0.011).
CCoonncc  lluu  ssii  oonn::  Our pre li mi nary fin dings sug gest that the re is no sig ni fi cant ri se in IMA le vels in
the hype ra cu te pe ri od (first 30 mi nu tes) of acu te re nal isc he mi a, ho we ver IMA le vels me a su red
at the sixth ho ur may rep re sent a sig ni fi cant di ag nos tic pa ra me ter altough furt her stu di es are ne -
ces sary.

KKeeyy  WWoorrddss::  Isc he mi a; in farc ti on; se rum al bu min  

ÖÖZZEETT  AAmmaaçç::  Akut re nal infarktüs acil ser vis ler de na dir rast la nan bir du rum dur ve ge nel lik le di -
ğer ta nı lar üze rin de dü şü nü lür ken şans ese ri ta nı ko yu lur. Bu ça lış ma re nal ar te rin klemp len -
me si yo luy la re nal is ke mi ve infarktüse ma ruz bı ra kıl mış sı çan lar da se rum da ki is ke miy le
de ğiş miş al bu min (İDA) dü zey le ri nin yük se lip yük sel me di ği ni araş tır mak ta dır. GGee  rreeçç  vvee  YYöönn  --
tteemm  lleerr:: Bu ran do mi ze, kon trol lü, kör ol ma yan ça lış ma da 24 er gin er kek Wis tar sı ça nı iki kon -
trol (Grup I ve II I) ve iki gi ri şim (Grup II ve IV) gru bu ol mak üze re dört gru ba ay rıl dı. Kon trol
grup la rın dan Grup I’ de ba sit la pa ra to mi yi ta ki ben 30. da ki ka da, Grup II I’ de ise altıncı sa at te kan
ör nek le ri alın dı. Gi ri şim grup la rı olan II ve IV’ te re nal ar ter is ke mi ye yol aça cak şekil de bağ lan -
dı ve sı ra sıy la 30. da ki ka ve altıncı sa at ler de kan ör nek le ri alın dı. BBuull  gguu  llaarr::  Al tın cı sa at te alı nan
kan ör nek le rin de is ke mi grup la rın da plaz ma İDA dü zey le ri kon trol grup la rıy la kar şı laş tı rıl dı ğın -
da be lir gin ola rak yük sek ol du ğu hal de (p= 0.01) 30. da ki ka da is ke mi ve kon trol grup la rın dan alı -
nan ör nek ler de İDA dü zey le ri ba kı mın dan hiç bir fark sap tan ma dı (p= 0.12). Ay rı ca is ke mi
gru bun da altıncı sa at te alı nan kan ör nek le rin de ki dü zey ler 30. da ki ka da alı nan la ra gö re da ha
yük sek ti (p= 0.011). SSoo  nnuuçç::  İlk bul gu la rı mız akut re nal is ke mi nin hi pe ra kut ev re sin de (ilk 30 da -
ki ka) İDA dü zey le rin de önem li bir yük sel me ol ma dı ğı nı dü şün dür mek te dir fa kat altıncı sa at te
öl çü len İDA dü zey le ri önem li bir ta nı sal pa ra met re ola bi lir ve bu ne den le da ha ile ri ça lış ma la -
rın ya pıl ma sı ge rek li dir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: İske mi; in fark tüs; al bu min      
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a ti ents with acu te re nal in farc ti on ge ne rally
pre sent to hos pi tal emer gency de part ments
with sto mach pa in, pa in in the lo wer ab do -

mi nal qu ad rants or back pa in. Such pa ti ents 
rep re sent 0.007% of all app li ca ti ons.1 Since re nal
in farc ti on is sel domly se en, it is frequently con-
fused with mo re frequenly ob ser ved sto mach pa in.
Re se arch on the sub ject has shown that di ag no sis
of re nal in farc ti on is ge ne rally ac hi e ved by chan -
ce whi le the pa ti ent is be ing tre a ted for so me ot her
con di ti on.2 As the pre sen ta ti on of re nal in farc ti on
to emer gency de part ments imi ta tes ot her disoders,
it is im por tant to ke ep re nal in farc ti on in mind in
such circumstances. 

An gi og raphy, re nal scin tig raphy, in tra ve no us
pye log raphy and to mog raphy are the tech ni qu es
used in di ag no sis.1,3 Sin ce the se tech ni qu es re qu i re
ex tra per son nel and equ ip ment, emer gency de part-
ments ne ed blo od tests for early and prac ti cal di ag -
no sis. No spe ci fic fin dings apart from high LDH
and he ma tu ri a are found in pa ti ents’ bi oc he mi cal
va lu es.1

Isc he mi a-mo di fi ed al bu min (IMA) is a new bi -
oc he mi cal mar ker for isc he mic con di ti ons. An in-
cre a sing num ber of stu di es ha ve shown that IMA
le vels ri se in va ri o us acu te isc he mic con di ti ons,
such as ce reb ral, myo car di al, pul mo nary and me -
sen te ric in farc ti on, so that IMA can be used as a di-
ag nos tic mar ker.4

OB JEC TI VES OF THIS INVES TI GA TI ON

Our aim in this study was to in ves ti ga te se rum IMA
le vels on an experimental model of rats performed
by renal arterial occlusion. In ad di ti on, we in ves ti -
ga ted whet her IMA le vels incrased in ti me or not.
We al so com pa red IMA le vels with the ot her com-
mon isc he mi a mar kers, as lac ta te and ma lon di al -
dehy de (MDA) le vels. 

MA TE RI AL AND MET HODS 
STUDY DE SIGN

This was a ran do mi zed, con trol led, non-blin ded in-
ter ven ti o nal ani mal study. The study pro to col was
ap pro ved by the Ka ra de niz Tech ni cal Uni ver sity
Fa culty of Me di ci ne Ani mal Ca re and Et hics Com-
mit te e. 

SET TING AND SE LEC TI ON OF PAR TI CI PANTS

Twenty-fo ur ma tu re ma le Wis tar rats we ig hing
240 g to 250 g we re used. The ani mals we re kept in
ste el ca ges at a ro om tem pe ra tu re of 22ºC and we -
re gi ven wa ter and stan dard rat chow un til the day
of the study. For the last 12 ho urs be fo re the study
they we re gi ven only wa ter. 

STUDY PRO TO COL

The study was per for med on 24 ma le rats ran do -
mi zed and pla ced in each gro up as six rats. In tra -
mus cu lar in jec ti on of 50 mg/kg of xyla zi ne was
used for ge ne ral an est he si a. Bre at hing ra te, pul se,
sO2, and body tem pe ra tu re we re con ti nu o usly mo -
ni to red. A he a ting pad was app li ed du ring ana est -
he si a to ma in ta in body tem pe ra tu re.

The first gro up (gro up I) un der went a simp le
la pa ro tomy, blo od samp les be ing ta ken 30 min the -
re af ter. The re nal ar tery was li ga ted in the rats in
the se cond gro up (gro up II) and blo od samp les we -
re aga in obtained at the 30th mi nu te. The third gro -
up (gro up II I) un der went a simp le la pa ro tomy,
blo od samp les be ing ta ken six ho urs the re af ter. The
re nal ar tery was li ga ted in the rats in the fo urth
gro up (gro up IV), and blo od samp les we re ta ken at
the sixth ho ur. Fo ur-cen ti met re-long ab do mi nal
mid li ne in ci si ons we re ma de for la pa ro tomy, and
in ci si ons we re then su tu red with 3-0 silk. The sa -
me in ci si on was al so used for the isc he mi a gro ups
(gro ups II and IV), the re nal ar tery was li ga ted with
3-0 silk at the aor tic bi fur ca ti on. Blo od spe ci mens
we re ex trac ted with re la pa ro tomy. The samp les for
his to pat ho lo gi cal exa mi na ti on we re ta ken af ter 30
mi nu tes in gro ups I and II, and af ter six ho urs in
gro ups III and IV. 

LA BO RA TORY ANALY SIS

IMA le vels we re me a su red. Plas ma MDA and lac-
ta te le vels we re al so me a su red at the sa me ti me for
com pa ri son with IMA va lu es and the bi oc he mist
was blin ded to the gro ups. 

IMA me a su re ment

Thre e mil li lit res of aor tic blo od samp les we re ta -
ken from each rat. Af ter be ing pla ced in pla in tu bes
con ta i ning se pa ra ti on gels, the samp les we re al lo -
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The me an mic ros co pic le si on sco res we re 
0.33 ± 0.51 for gro up I, 0.50 ± 0.54 for gro up II, 
0.66 ± 0.51 for gro up III and 3.5 ± 0.54 for gro up IV. 

In the sta tis ti cal analy sis of the gro ups’ his to -
pat ho lo gi cal sco res; p va lu es for the com pa ri son of
ti me de pen dent his to pat ho lo gi cal sco res in the
con trol gro ups (gro ups I and II I) and isc he mi a gro -
ups (gro ups II and IV) we re 0.57 for the 30th mi nu -
te and 0.003 for the sixth ho ur; p va lu e in the
com pa ri son of ti me de pen dent IMA le vels in the
con trol gro ups (gro ups I and II I) was 0.26, and the
p va lu e in the com pa ri son of ti me de pen dent le vels
in the isc he mi a gro ups (gro ups II and IV) was
0.003. 

DIS CUS SI ON 
Many predisposing factors ha ve be en re por ted in
acu te re nal in farc ti on. Among the se, at ri al fib ril la -

ti on, em bo lic events and isc he mic and val vu lar co -
ro nary di se a se ha ve be en lis ted as ma jor pre dis po -
sing ca u ses.8,9 Tra u ma-re la ted acu te uni la te ral or
bi la te ral re nal in farc ti on has also be en re por ted.10

Groups 1 2 3 4

30th minute control 30th minute ischemia 6th hour control 6th hour ischemia

Parameters Mean 25 - 75 Mean 25 - 75 Mean 25 - 75 Mean 25 - 75

(Min-Max) Percentiles (Min-Max) Percentiles (Min-Max) Percentile (Min-Max) Percentiles

IMA (ABSU) 0.23 0.21 - 0.25 0.29 0.26 - 0.31 0.28 0.25 - 0.32 0.37 0.33 - 0.38

(0.19-0.28) (0.23-0.31) (0.24-0.33) (0.29-0.40)

Lactate (mg/dL) 20.0 17.0 - 24.0 26.0 18.0 - 33.0 19.5 11.0 - 30.0 16.5 12.0 - 20.0

(13.0-31.0) (18.0-33.0) (11.0-35.0) (10.0-23.0)

MDA (nmol/mL) 428.2 405.6 - 460.9 499.7 464.9 - 555.1 436.4 356.1 – 532.7 550.6 535.1 - 557.0

(380.0-501.5) (416.7-593.1) (351.5-550.4) (532.2-573.5)

TABLE 1: Time dependent changes of IMA, lactate and MDA.

IMA: Ischemia modified albumin. MDA: Malondialdehyde. ABSU: Absorbance Units

FIGURE 1A: IMA values of control and ischemia groups.
IMA: Ischemia modified albumin.   ABSU: Absorbance Units

FIGURE 1B: Lactate values of control and ischemia groups.

FIGURE 1C: Malondialdehyde (MDA) values of control and ischemia groups.

Lactate (mg/dl)
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wed to clot for 30 mi nu tes and we re cen tri fu ged at
3,000 g for 10 min be fo re se pa ra ting out the se rum.
The samp les we re then im me di a tely fro zen and
sto red at -80 °C for IMA as say.

Re du ced co balt to al bu min bin ding ca pa city
(IMA le vel) was analy zed using the ra pid and co lo -
ri met ric met hod des cri bed by Bar-Or et al;5 200 mL
of rat se rum was pla ced in to glass tu bes and 50 mL
of 0.1% (w/v) co balt chlo ri de (CoCl2.6H2O; Sig ma)
ad ded. Af ter gent le sha king, the so lu ti on was left
for 10 mi nu tes in or der to en su re suf fi ci ent co balt
al bu min bin ding; 50 mL of 1.5 mg/mL dit hi ot hre i -
tol (DTT; Sig ma) was ad ded as a co lo ri zing agent
and the re ac ti on was hal ted 2 min la ter by ad ding
1.0 mL of 0.9% NaCl. A co lo ri met ric con trol spe ci -
men was pre pa red for every clam ped and con trol
spe ci men. For the co lo ri met ric con trol samp les, 50
mL of dis til led wa ter was subs ti tu ted for 50 mL of
1.5 mg/mL DTT. Spe ci men ab sor ben ci es we re an-
aly zed at 470 nm using a spec trop ho to me ter (Shi-
mad zu UV1601, Aus tra li a). The co lo ur of the
spe ci mens con ta i ning DTT was com pa red with that
of the co lo ri met ric con trol tu bes, and the re sults
we re ex pres sed as ab sor ban ce units (AB SUs).5

MDA me a su re ment

Ma lon di al dehy de (MDA) le vels in plas ma samp les
we re es tab lis hed using the TBARS (Thi o bar bi tu ric
Acid Re ac ti ve Subs tan ce) met hod de ve lo ped by Ya -
gi in 1994.6

Lac ta te Me a su re ment

Lac ta te me a su re ment was per for med using a Roc -
he vit re o us che mistry 950 au to a naly zer. 

His to pat ho lo gi cal Exa mi na ti on

Fol lo wing blo od samp ling, the rat kid neys we re
mac ro- and mic ros co pi cally eva lu a ted by a his to -
lo gist blin ded to the gro ups. Spe ci mens we re em-
bed ded in pa raf fin blocks and the sec ti ons sta i ned
with he ma toxy lin-eo sin. His to lo gi cal chan ges we -
re eva lu a ted by qu an ti ta ti ve me a su re ment of tu bu -
lo in ters ti ti al in jury, as ses sed by co un ting the
num ber of nec ro tic and apop to tic cells, loss of tu-
bu lar brush bor der, tu bu lar di la ta ti on, cast for ma -
ti on, and ne ut rop hil in fil tra ti on. The sco ring was

0= no ne; 1= <10%; 2=11% to 25%; 3= 26% to 45%;
4= 46% to 75%; and 5= >76%. The da ta are ex pres -
sed as me an va lu es ± SD.7

Sta tis ti cal Analy sis

Sta tis ti cal analy ses we re per for med by using SPSS
13.0.1 soft wa re pac ka ge (li cen ce no: 9069728) and
Med Calc sta tis ti cal soft wa re prog ram. Analy sis of
the simultaneous IMA, MDA and lac ta te le vels in
the si mul ta ne o us con trol and isc he mi a gro ups was
per for med using the Mann Whit ney U-test. Ti me
de pen dent va ri a ti ons in the con trol and isc he mi a
gro ups we re analy zed using Krus kal Wal lis analy-
sis of va ri an ce (Mann Whit ney U-test with cor rec -
ted Bon fer ro ni test). P va lu es less than .05 we re
con si de red as sta tis ti cally sig ni fi cant.

RE SULTS

BI OC HE MI CAL PA RA ME TERS

Alt ho ugh no sig ni fi cant dif fe ren ces we re de ter mi -
ned in se rum IMA, plas ma MDA and lac ta te le vels
bet we en the isc he mi a and con trol gro ups at the 30th

mi nu te (Gro up I and Gro up II), se rum IMA and
plas ma MDA le vels we re sig ni fi cantly hig her in the
isc he mi a gro up (Gro up IV) when com pa red to tho -
se of the con trol gro up (Gro up II I) in the sixth ho -
ur blo od samp les (for IMA; 30th mi nu te p= 0.12, and
sixth ho ur p= 0.01; for MDA; 30th mi nu te p= 0.27,
and sixth ho ur p= 0.028; for lac ta te; 30th mi nu te p=
1, and sixth ho ur p= 1). Ave ra ge IMA, MDA and
lac ta te le vels over ti me de ter mi ned for the con trol
(gro ups I and II I) and isc he mi a gro ups (gro ups II
and IV) sho wed sta tis ti cally sig ni fi cant in ter nal in-
cre a ses in isc he mi a gro ups for only IMA le vels (p=
0.011), as shown in Tab le 1 and Fi gu res 1A-C.

HIS TO PAT HO LO GI CAL EXA MI NA TI ON

Fol lo wing blo od samp ling, kid neys we re eva lu a ted
mac ros co pi cally. The re was no co lo ur chan ge or
pat ho logy in the con trol gro up. The nor mal pin k-
ish co lo ur of the kid ney had chan ged in gro up II
with the re nal ar tery li ga ted, and the blo od-samp -
led at the 30th mi nu te had a blu ish tin ge. The co lo -
ur was dark blu e to vi o let in the li ga ted gro up IV,
from which blo od samp les we re ta ken at the sixth
ho ur. 
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In ad di ti on to sur gi cal pro ce du res such as val ve re-
p la ce ment, kid ney trans plan ta ti on, tu mor sur gery
or ane u rysm sur gery can re sult in re nal in farc ti on as
well as em bo lic ma te ri al bloc king the re nal ar tery
ac ci den tally du ring cat he te ri za ti on.1,11 Both he re di -
tary and ac qu i red clot ting di sor ders al so cre a te a
pre dis po si ti on to re nal in farc ti on.1 Ves sel ano ma li -
es such as fib ro mus cu lar dyspla si a, Mar fan syndro -
me and Eh lers-Dan los syndro me can al so cre a te
re nal in farc ti on.12 Si mi larly, aor tic dis sec ti on and
ane u rysm can al so re sult in re nal in farc ti on.13 Pol-
yar te ri tis no do sa, syste mic lu pus ery the ma to sus, Be-
h çet’s di se a se, in fec ti ve en do car di tis, pa ra do xi cal
em bo lism, He noch-Schön le in pur pu ra, Cha gas di s-
e a se, in tra ve no us in jec ti on, na sal in suff la ti ons of co-
ca i ne and smo king ma ri ju a na ha ve al so be en lin ked
to re nal in farc ti on. Many ma lig nan ci es may al so be
ac com pa ni ed by re nal in farc ti on.14

Un less re nal in farc ti on comes in mind it is dif-
fi cult to di ag no se, in the emer gency de part ment
be ca u se it ex hi bits no spe ci fic fin dings. A num ber
of stu di es ha ve men ti o ned the im por tan ce 
of he ma tu ri a and high LDH le vels in the di ag no sis
of re nal in farc ti on.1,8 Stu di es in the li te ra tu re al so
re port an in cre a se in SGOT, al ka li ne phosp ha ta se,
pol yar te ri tis no do sa, C-reactive protein, white
blood cell le vels and polyarteritis nodasa in re nal
in farc ti on.8 It is re por ted that un der nor mot her mic
con di ti ons, the hu man kid ney can to le ra te 60-90
mi nu tes of to tal isc he mi a, but to tal isc he mi a mo re
than thre e ho urs le ads to ir re pa rab le kid ney func-
ti on da ma ge.15 The re fo re, in terms of early di ag no -
sis, bi oc he mi cal pa ra me ters sug ges ting re nal
isc he mi a in such pa ti ents may be ex tre mely im por-
tant. 

Du ring acu te isc he mic con di ti ons, al bu min’s
me tal bin ding ca pa city for tran si ti on me tals, such
as cop per, nic kel and co balt is re du ced, thus gi ving
ri se to a me ta bo lic va ri ant of the pro te in, com-
monly known as IMA. The pre ci se IMA ge ne ra ting
mec ha nism is still unc le ar, tho ugh it seems that re-
ac ti ve oxy gen spe ci es pro du ced du ring isc he mi a
may ge ne ra te highly re ac ti ve hydroxyl fre e ra di -
cals, re sul ting in si te-spe ci fic mo di fi ca ti on to the
N-ter mi nus of the al bu min mo i ety, es pe ci ally at
the N-Asp-Ala-His-Lys se qu en ce.16

IMA is a nons pe ci fic mar ker of tis su e isc he mi -
a which was pre vi o usly stu di ed in pa ti ents with
acu te chest pa in and shown to in cre a se in pa ti ents
with myo car di al isc he mi a, eit her spon ta ne o usly or
sub se qu ent to per cu ta ne o us co ro nary in ter ven ti -
on.5

Ex tra car di ac oxi da ti ve stress may ele va te IMA
le vels and the re fo re, li mit the use ful ness of ele va -
ted IMA in the de tec ti on of car di ac isc he mi a.17 This
oxi da ti ve stress may be in any part of the body du -
e to va ri o us ca u ses. Gun duz et al. de ter mi ned ele -
va ted IMA le vels in me sen te ric isc he mi a, and
Tu re di at al. de ter mi ned ele va ted IMA le vels in
pul mo nary em bo lism.18,19 IMA is al so ele va ted in
ot her isc he mic di se a ses such as limb isc he mi a and
isc he mic ce reb ro vas cu lar ac ci dents.20-23

The num ber of stu di es in ves ti ga ting the cor re-
la ti on bet we en IMA le vels and kid ney da ma ge or
re nal in suf fi ci ency is li mi ted. In one re cent study,
Cic ho ta et al. re ve a led a cor re la ti on bet we en IMA
le vels and cre a ti ni ne le vels in pa ti ents with chro -
nic re nal in suf fi ci ency, and al so de ter mi ned a sig-
ni fi cant in cre a se in ane mi a le vel and IMA le vels
in pa ti ents with fi nal sta ge re nal in suf fi ci ency.24

Mon tag na na et al stu di ed pre-and post-he mo di aly -
sis car di ac bi o mar ker le vels, and de ter mi ned a re-
duc ti on in post-di aly sis car di ac bi o mar kers and a
sig ni fi cant ri se in IMA le vels.25 In anot her study,
Shar ma et al re por ted that IMA le vel was an im-
por tant mar ker in pre de ter mi ning mor ta lity in pa-
ti ents with end sta ge re nal in suf fi ci ency.26 No
stu di es ha ve exa mi ned IMA le vel was pa ti ents
with chro nic re nal in suf fi ci ency to get her with
IMA le vels in acu te kid ney da ma ge. In the light of
this, in our ex pe ri men tal study the samp les ta ken
at the 30th mi nu te sho wing the hype ra cu te pe ri od
in rats whe re acu te re nal isc he mi a and re la ted kid-
ney da ma ge was es tab lis hed by li ga ti on of the re -
nal ar tery, it was de ter mi ned that no
his to pat ho lo gi cal isc he mi a fin dings had yet for -
med and that the re was no sig ni fi cant dif fe ren ce
in IMA le vels in this pe ri od. Ho we ver, the samp -
les ta ken at the sixth ho ur sho wed isc he mi a-re la -
ted his to pat ho lo gi cal chan ges and the se rum IMA
le vels in this pe ri od sta tis ti cally sig ni fi cantly in-
cre a sed in com pa ri son with tho se in nor mal rats. A
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si mi lar cor re la ti on was de ter mi ned in tis su e MDA
le vels, re gar ded as a mar ker of tis su e isc he mi a and
oxi da ti ve stress, but no dif fe ren ce was de ter mi ned
in lac ta te le vels, anot her isc he mi a mar ker, in eit -
her 30th mi nu te or sixth ho ur samp les. 

LI MI TA TI ONS

The re are so me li mi ta ti ons of this study. First,
IMA is a new bi o mar ker inf lu en ced sig ni fi cantly
by a wi de ar ray of physi o lo gi cal va ri ab les inc lu -
ding exer ci se and hydra ti on. We we re not ab le to
con trol all tho se va ri ab les that might pos sibly inf -
lu en ce IMA le vels. Se cond, we did not com pa re ot -
her bi oc he mi cal mar kers with IMA, ex cept for
lac ta te and MDA, in the di ag no sis of acu te re nal
in farct. 

We used a non-com mer ci al IMA test, which
may be less rep ro du cib le than the stan dard com-
mer ci al as say. 

The study al so had so me li mi ta ti ons in terms
of the mo del emp lo yed. Our study is con trol led,
however may not mi mic typi cal acu te re nal in farct
ca ses se en in prac ti ce.

CONC LU SI ON
Our pre li mi nary fin dings from this li mi ted and ex-
pe ri men tally de sig ned study sug gest that in the hy-
pe ra cu te sta ge of acu te re nal isc he mi a (first 30
mi nu tes) the re is no sig ni fi cant ri se in IMA le vels,
altho ugh IMA le vels me a su red at the end of the
sixth ho ur may be an im por tant pa ra me ter in di ag -
no sis, and furt her stu di es are needed.
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