
cute mesenteric arterial occlusion remains a serious problem, with
high mortality and morbidity, despite advances in diagnosis and
therapy over the past decade.1-3 Prompt recognition, diagnosis, and

treatment are crucial for patient survival, and time is the most important
factor in preventing necrosis of the ischaemic intestine.
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D-Dimer Levels During Progressive
Intestinal Ischaemia:

An Experimental Study in Rats

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Acute mesenteric artery occlusion remains a serious problem in surgical
clinics. D-dimer may be a potential marker for the early diagnosis of this disease. We evaluated the
association between progressive intestinal ischaemia and plasma D-dimer levels in a rat model. 
MMaatteerriiaall  aanndd  MMeetthhooddss::  Male Wistar albino rats (n= 40) were randomised into the following groups
(n = 10/group): sham-operated group (A); 1-hour occlusion of the anterior mesenteric artery group
(B); 3-hour occlusion group (C); and 6-hour occlusion group (D). Intra-cardiac blood samples (1.8
mL each) were obtained for the D-dimer test, and the small intestines were resected for histopatho-
logical evaluation at the end of the experiment. RReessuullttss:: The D-dimer levels of the four groups were
63.53 ± 10.90, 58.49 ± 8.88, 60.84 ± 11.90, and 63.26 ± 9.74 µg/L respectively. No statistically sig-
nificant difference in plasma D-dimer levels was observed among groups. However, histopatho-
logical examination revealed ischaemia in group B, partial necrosis in group C, and total necrosis
in group D. CCoonncclluussiioonn:: No association was found between progressive intestinal ischaemia and
plasma D-dimer levels in this rat model. 

KKeeyy  WWoorrddss::  Abdomen, acute; intestinal diseases 

ÖÖZZEETT  AAmmaaçç::  Akut mezenter arter oklüzyonu cerrahi kliniklerde ciddi bir hastalık olarak önemini
sürdürmektedir. Bu hastalığın erken tanısında D-dimer potansiyel bir belirteç olabilir. Bu amaçla
progresif intestinal iskemi oluşturulmuş ratlarda D-Dimer düzeyleri ile progresif intestinal iskemi
arasındaki ilişkiyi araştırdık. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmada her grup için 10 denek olmak üzere
toplam 40 adet erkek Wistar albino rat kontrol grubu (A); 1-saatlik mezenter arter oklüzyonu (B);
3-saatlik mezenter arter oklüzyonu (C); ve 6-saatlik mezenter arter oklüzyonu (D) olarak randomize
edildi. D-dimer değerlendirmesi için intrakardiyak kan örnekleri alındı (1.8 mL) ve ince bağırsaklar
rezeke edilerek histopatolojik değerlendirme yapıldı. BBuullgguullaarr::  Gruplardaki D-dimer düzeyleri sırası
ile 63.53 ± 10.90; 58.49 ± 8.88; 60.84 ± 11.90 ve 63.26 ± 9.74 µg/L idi. Gruplar arasında istatistiki bir
fark yoktu. Histopatolojik olarak Grup B’de iskemik değişiklikler, C’de kısmi nekroz, D’de total
nekroz tespit edildi. SSoonnuuçç::  Bu rat modelinde progresif intestinal iskemi ve plazma D-Dimer
düzeyleri arasında herhangi bir ilişki bulunamadı.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Karın, akut; intestinal hastalıklar
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The re are no non-in va si ve di ag nos tic to ols, ra -
pid or easy ra di o lo gi cal tech ni qu es, or la bo ra tory
tests to di ag no se acu te occ lu si on of the su pe ri or
me sen te ric ar tery (SMA). Ad di ti o nally, se ri o us dif-
fi culty may be en co un te red in de tec ting isc ha e mic
nec ro sis in the part of in tes ti nal lo op that is newly
in ser ted in to the ab do men be ca u se of a stran gu la -
ted her ni a.

D-di mer is a fib rin deg ra da ti on pro duct pre s-
ent in the blo od af ter a blo od clot is deg ra ded by
fib ri noly sis. Thus, its con cen tra ti on in the blo od is
re la ted to throm bo sis and throm boly sis.4 Re cently,
cli ni cal and ex pe ri men tal stu di es ha ve sug ges ted D-
di mer as a po ten ti al mar ker for acu te SMA occ lu si -
on, acu te bo wel isc ha e mi a, and nec ro sis.5-7

The aims of this study were to as sess D-di mer
le vels in the blo od and pat ho lo gi cal chan ges in in-
tes ti nal tis su e du ring prog res si ve in tes ti nal isc ha e -
mi a in a rat mo del.

MATERIAL AND METHODS
The study was ap pro ved by On do kuz Ma yis Uni-
ver sity, Ex pe ri men tal Re se arch Cen tre Bo ard for
the ca re of ani mals. Ma le adult Wis tar al bi no rats
(n = 40, aged 8-9 months) we ig hing 280-300 g we -
re used. All ani mals we re fed a stan dard la bo ra tory
di et and kept in ca ges at ro om tem pe ra tu re (23 ±
1ºC) un til the day of ex pe ri ment. Du ring the last
12 h be fo re the ex pe ri ments, the ani mals we re al-
lo wed ad li bi tum ac cess to wa ter, but no so lid fo od.
In the mor ning, rats we re ran do mi sed in to fo ur
gro ups of 10 rats each.

SUR GICAL PRE PA RA TION

The rats we re ana est he ti sed by in tra mus cu lar in-
jec ti on of 40 mg/kg ke ta mi ne (Ke ta lar flk; Par ke-
Da vis, Det ro it, MI). Ana est he si a was ma in ta i ned by
ad di ti o nal do ses of ke ta mi ne, as re qu i red. Each rat
was pla ced in the su pi ne po si ti on on a war ming
pad, and the ab do men was sha ved. A tem pe ra tu re
pro be was pla ced in the rec tum. Rec tal tem pe ra tu -
re was ma in ta i ned at 37 ± 0.5ºC thro ug ho ut the ex-
pe ri ment. All sur gi cal pro ce du res we re per for med
un der ste ri le con di ti ons.

GGrroo  uupp  AA.. For the sham-ope ra ted gro up, only a
mid li ne la pa ro tomy was per for med. Af ter exp lo ra -

ti on of the ab do mi nal ca vity, the ab do mi nal wall
was su tu red. An in tra-car di ac blo od samp le (1.8 mL
each) was ob ta i ned for the D-di mer test by punc tu -
ring with a 22-ga u ge in jec tor in the left tho ra cic
re gi on. GGrroo  uupp  BB.. Af ter a mid li ne la pa ro tomy, the
an te ri or me sen te ric ar tery was pre pa red and li ga ted
at the ori gin of the ab do mi nal aor ta. The ab do mi -
nal wall was clo sed. Af ter 1 ho ur of occ lu si on, an
in tra-car di ac blo od samp le was ob ta i ned. GGrroo  uupp  CC..
The sa me pro ce du re was fol lo wed as des cri bed for
gro up B, ex cept that occ lu si on was ma in ta i ned for
3 ho urs. GGrroo  uupp  DD.. The sa me pro ce du re was fol lo -
wed as des cri bed for gro up B, ex cept that occ lu si -
on was ma in ta i ned for 6 ho urs. All rats we re
sac ri fi ced by in jec ti on of a high do se of Pen tot hal
at the end of the study. The en ti re small in tes ti ne
was re sec ted for his to pat ho lo gi cal eva lu a ti on.

Each blo od samp le (1.8 mL) was col lec ted in a
tu be that con ta i ned 0.7 mL of so di um cit ra te buf fer
(Va cu ta i ner; Bec ton Dic kin son, Mey lan Ce dex,
Fran ce) to pre vent clot ting. The blo od samp les we -
re cen tri fu ged at 2000 rpm for 20 mi nu tes. The D-
di mer le vels we re me a su red with the
la tex-en han ced tur bi di met ric test using a D-di mer
Plus Kit (Da de Beh ring, Mar burg, Ger many), as
used in pre vi o us stu di es.6,8 The plas ma was analy sed
with a BCS (Da de Beh ring) analy zer.

Tis su e samp les from the small in tes ti ne we re
fi xed in 10% ne ut ral-buf fe red for ma lin and em bed-
ded in pa raf fin wax. Sec ti ons we re cut at a thick-
ness of 4-6 mm and sta i ned with ha e ma toxy lin and
eo sin.

STA TIS TI CAL ANALY SIS

The Krus kal-Wal lis non-pa ra met ric va ri ant test
was used. P va lu es < 0.05 we re de e med to be sta tis -
ti cally sig ni fi cant.

RESULTS
The ex pe ri men tal study was car ri ed out ten ani mals
for each gro up. The D-di mer le vels in gro ups A, B,
C, and D we re 63.53 ± 10.90, 58.49 ± 8.88, 60.84 ±
11.90, and 63.26 ± 9.74 µg/L, res pec ti vely. The re
was no sta tis ti cal dif fe ren ce among gro ups (Tab le
1; p > 0.05). 
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HIS TO PAT HO LO GI CAL EXA MI NA TI ON

The small in tes ti ne samp les we re eva lu a ted by a
pat ho lo gist vi a light mic ros copy. Isc ha e mic chan -
ges we re ob ser ved in gro up B. Red dish-brown co -
lo urs and fra gi le struc tu res we re ob ser ved in gro up
C (Figure 1). Brown co lo urs and fra gi le struc tu res
we re ob ser ved in gro up D. 

In gro up B, at rophy of the vil li, ex fo li a ti on of
the epit he li al la mi na, and nec ro sis and fo cal ble e -
ding at the vil lus end we re evi dent. In gro up C,
the re was comp le te nec ro sis of the vil li, and the
nec ro sis ex ten ded to the tu ni ca mus cu la ris when
com pa red to sham gro up (Figure 2 and Figure 3).
In gro up D, the re was to tal nec ro sis of the tu ni ca
mus cu la ris mu co sa.

DISCUSSION
Acu te me sen te ric isc ha e mi a is res pon sib le for ap-
pro xi ma tely 0.1% of all hos pi tal ad mis si ons. Tre at -

ment of pa ti ents with in tes ti nal isc ha e mi a as a re-
sult of acu te me sen te ric ar te ri al occ lu si on, stran gu-
la ted her ni a, or ot her ca u ses is an im por tant mat ter
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Groups

A B  C  D

(Sham-operated) (1-hour occlusion) (3-hour occlusion) (6-hour occlusion)

Plasma D-dimer (µg/L) 63.53 ± 10.90 58.49 ± 8.88 60.84 ± 11.90 63.26 ± 9.74

Histopathology Normal histological features Atrophy of villi; exfoliation of Complete necrosis of the villi and Total necrosis of tissues, including

epithelial lamina; necrosis and in the sections leading to the tunica the tunica muscularis

focal bleeding at the end of the villus muscularis

TABLE 1: D-dimer levels and pathological findings in the rat groups.

Values are mean ± SD. P > 0.05 between the groups.

FIGURE 1: A macroscopic view of the small intestine 3 hour after occlusion. FIGURE 2: The sham-operated group shows normal histological features;
haematoxylin and eosin staining, original magnification ×140.

FIGURE 3: Three hours after occlusion, there is complete necrosis of the villi
(arrows and star) and the necrosis extends to the tunica muscularis (TM);
haematoxylin and eosin staining, original magnification ×140.
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and de pends on prompt di ag no sis and ap prop ri a te
pa ti ent ma na ge ment.9,10

D-di mer is a fib rin deg ra da ti on pro duct that
has be en used ex ten si vely in the di ag no sis of ve no -
us throm bo em bo lism. A high le vel of D-di mer has
high sen si ti vity and ne ga ti ve pre dic ti ve va lu e for
pro xi mal de ep ve in throm bo sis and pul mo nary em-
bo lism.5,11,12 Ho we ver, D-di mer may be pro du ced
in a va ri ety of di se a ses and con di ti ons as so ci a ted
with throm bo sis and throm boly sis.13 It has al so be -
en stu di ed as a po ten ti al mar ker for the early di ag -
no sis of acu te me sen te ric ar tery occ lu si on,
in tes ti nal isc ha e mi a, and nec ro sis. Acos ta et al.5 re-
por ted a pre li mi nary cli ni cal study of acu te me sen -
te ric isc ha e mi a, in which six pa ti ents with em bo lic
or throm bo tic me sen te ric di se a se had sig ni fi cantly
hig her D-di mer le vels than eight pa ti ents with dif-
fe rent in tra-ab do mi nal pat ho lo gi es. The aut hors
pro po sed D-di mer as a mar ker for acu te bo wel isc -
ha e mi a. It is ho ped that this re port ra i sed awa re -
ness re gar ding the im por tan ce of the early
di ag no sis of this po ten ti ally fa tal di se a se.  

Isc ha e mi a trig gers the ac ti va ti on of in tra vas -
cu lar fib ri noly tic systems, ca u sing a con ti nu o us in-
cre a se in the le vel of D-di mer as long as this
ac ti vity con ti nu es.6 Al tin yol lar et al6 fo und high D-
di mer le vels in rats af ter li ga ti on of the me sen te ric
ar tery. Si mi larly, Zey bek et al7 in di ca ted that when
the du ra ti on of in tes ti nal isc he mi a was pro lon ged,
se rum D-di mer le vels in cre a sed com pa ring with
the con trol gro up, with the dif fe ren ce be ing sta tis -
ti cally sig ni fi cant at 2 ho urs.  The se fin dings sug gest
that me a su ring plas ma D-di mer le vels may be a
use ful la bo ra tory test for the early di ag no sis of acu -
te me sen te ric obs truc ti on. In con trast, Ku la cog lu et
al.8 re por ted that the D-di mer le vel was not ade -
qu a tely sup por ted as an in de pen dent pa ra me ter for
the di ag no sis of me sen te ric isc ha e mi a. In our study,
the re was no sta tis ti cal dif fe ren ce in D-di mer le v-
els among gro ups. Pat ho lo gi cally, isc ha e mic chan -
ges in the small in tes ti ne we re ob ser ved af ter 1
ho ur  occ lu si on, par ti al nec ro sis af ter 3 ho urs  occ -
lu si on, and to tal nec ro sis in all la yers of the small
in tes ti ne af ter 6ho urs occ lu si on of the an te ri or me -
sen te ric ar tery (Figs. 1, 2, and 3 res pec ti vely). Im-
por tantly, his to pat ho lo gi cal fin dings imp li ca ted

that the cri ti cal ti me for in tes ti nal vi a bi lity was 2
and 4 ho urs post-ope ra ti vely ac cor ding to Zey bek
et al.7 It can be tho ught that in tes ti nal da ma ge co -
uld be ap pe a red at 1-3 ho urs af ter me sen te ric ar te -
ri al li ga ti on in ac cor dan ce with our pat ho lo gi cal
fin dings. 

D-di mer is an acu te pha se re ac tant and may be
ele va ted in all stres sed rats. Any hand ling, sur gery,
tra u ma  or even in tra mus cu lar in jec ti on may ca u -
se in cre a sed D-di mer le vels.14 In our study, in cre a -
sed D-di mer le vels we re ob ser ved in the
la pa ro tomy gro up, whi le the me an le vels of D-di -
mer re ma i ned ro ughly the sa me among study gro -
ups (Tab le 1). At the sa me ti me, its le vels co uld
lightly be ele va ted in the gro up C and D but this
in cre a se was not re la ti ve to the deg re e of nec ro sis
ob ser ved in the in tes ti nal la yers.  This may be the
re sult of fib ri noly sis-in de pen dent mec ha nisms,
such as the pre vi o usly re por ted cel lu lar en docy to -
tic up ta ke of fib rin mo no mers.15

Zey bek et al.7 in ves ti ga ted the ti me de pen -
dency of the re la ti ons hip bet we en plas ma D-di mer
le vels and the deg re e of in tes ti nal nec ro sis. In a rat
mo del of stran gu la ted her ni a, the aut hors ob ser ved
ele va ted D-di mer le vels only in the 2-ho ur occ lu -
si on gro up. They re por ted se ri o us nec ro sis of the
in tes ti ne, but not ele va ted D-di mer le vels, in the
4-, 6-, and 8-ho ur stran gu la ti on gro ups. 

Alt ho ugh pri or stu di es ha ve do cu men ted that
mar kers of fib ri noly sis are ab nor mal in pe op le and
ex pe ri men tal ani mals with SMA occ lu si on, it re-
ma ins unc le ar whet her the se ab nor ma li ti es ref lect
fib ri noly tic dysfunc ti on. The dyna mics of the ac ti -
va ti on of fib ri noly tic and co a gu la ti on systems may
dif fer bet we en hu mans and ani mal mo dels, inc lu -
ding the D-di mer analy sis met ho do logy in rats. For
examp le, D-di mer le vels we re unc han ged af ter
cons tric ti on of the SMA in a pig mo del.14

In conc lu si on, no as so ci a ti on was fo und bet -
we en prog res si ve in tes ti nal isc ha e mi a and plas ma
D-di mer le vels in this rat mo del. Furt her cli ni cal
stu di es are ne ces sary to de ter mi ne the di ag nos tic
test per for man ce of D-di mer such as sen si ti vity,
spe ci fi city, re fe ren ce ran ge, cut-off and pre dic ti ve
va lu e in pa ti ents with acu te in tes ti nal isc he mi a. 
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