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Objective: One of the methods that can be used to prevent
ischaemia reperfusion (IR) injury is ischaemic precondition-
ing. The aim of this study was to evaluate and compare the
effects of remote and direct ischaemic preconditioning (RIPC
and DIPC) histopathologically in the rat renal IR injury mod-
el.

Methods: After obtaining an approval from the Dokuz Eyliil
University School of Medicine Ethics Committee, 28 Wistar
Albino male rats were divided into four groups. In Group I
(Sham, n=7), laparotomy and left renal pedicle dissection were
performed, but nothing else was done. In Group II (IR, n=7),
after 45 minutes of left renal pedicle occlusion, reperfusion last-
ing 4 hours was performed. In Group III (DIPC+IR, n=7), after
four cycles of ischaemic preconditioning applied to the left kid-
ney, renal IR was performed. In Group IV (RIPC+IR, n=7), af-
ter three cycles of ischaemic preconditioning applied to the left
hind leg, renal IR was performed. All rats were sacrificed, and
the left kidney was processed for conventional histopathology.

Results: The histopathological injury score of the kidney was
significantly lower in the sham group compared with the other
groups (p<0.01). The injury scores of the DIPC+IR and RIP-
C+IR groups were significantly lower than in the IR group
(p<0.05). In the RIPC+IR group, the injury score for erythro-
cyte extravasation was found to be significantly lower than in the

DIPC+IR group (p<0.05).

Conclusion: In the present study, it was demonstrated that both
DIPC and RIPC decreased renal IR injury, but RIPC was found
to be more effective than DIPC. This protective effect requires-
further detailed experimental and clinical studies.
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Amag: Sok, bobrek transplantasyonu, kismi nefrektomi, kardiyopul-
moner bypass, sepsis, iirolojik girisimler ve hidronefroz gibi cesitli
klinik durumlarda, bbrek kan akiminin ttkanmasi sonrast bobrek-
te iskemi; kan akiminin yeniden saglanmast ile reperfiizyon ortaya
cikmaktadir. Bobrek iskemi reperfiizyon hasan alicida gecikmis greft
fonksiyonu yaninda coklu organ yetersizligine neden olabilir. Reper-
fiizyon hasarini azaltmak amaciyla kullanilan yéntemlerden biri iske-
mik 6n kogullamadir. Bu ¢alismanin amaci rat renal iskemi reperfiiz-
yon modelinde tek tarafli alt ekstremiteye uygulanacak uzak IOK ile
bébrege uygulanacak direke IOK’ nin etkilerinin kargilagtirilmastdir.

Yontemler: Dokuz Eyliil Universitesi Tip Fakiiltesi Hayvan Deney-
leri Yerel Etik Kurulu onay: alindiktan sonra agirliklar: 250-300 g
arasinda degisen 28 adet erkek Wistar Albino rat her birinde 7’ser
denek olacak sekilde 4 gruba ayrilmustir. Tiim gruplara laparatomi
uygulanmis ve sol renal pedikiil (SRP) diseke edilmis, Sham Gru-
bu'na (Grup 1) baska bir islem yapilmamustir. Grup 2: 45 dk bb-
rek iskemisi sonrasi 4 saat reperfiizyon, Grup 3: 4 dongii bobrekte
iskemik 6n kogullama sonrasi bobrekte iskemi reperfiizyon, Grup 4:
sol arka bacaga uygulanan ti¢ déngii iskemik 6n kosullama sonras
bobrekte iskemi reperfiizyon gerceklestirilmistir. Ttiim gruplarda rat-
larin anestezi siiresi esit tutulmus, histopatolojik degerlendirme icin
sol bobrek gikarildiktan sonra ratlar sakrifiye edilmistir.

Bulgular: Bobrek histopatolojik hasar skoru sham grubunda
diger gruplara gore anlamli diisitk bulunmugtur. IR grubundaki
hasar skorlart DIOK+IR ve UIOK+IR skorlarindan yiiksek sap-
tanmustir. UIOK+IR grubunda ise eritrosit ekstravazasyonu skoru
DIOK+IR skorundan anlamli olarak daha diisiik bulunmustur.
Sonug: Bu calismada UIOK ve DIOK’nin bobrek IR hasarint
azaltugt, UIOK nin ise DIOK’ya gore daha etkili oldugu gosteril-
mistir. Bu olumlu etkinin 6ncelikle deneysel ¢aligmalar ile ayrinti-
landirilmas: gerektigi sonucuna varilmistir.
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Introduction

Ischaemia occurs due to temporary cessation of blood flow in
several medical conditions, such as renal transplantation, par-
tial nephrectomy, suprarenal aortic surgery, cardiopulmonary
bypass and urological procedures, and reperfusion occurs with
the re-maintenance of the blood flow. Ischaemia reperfusion
(IR) is defined as the diminution or cessation of blood flow
to tissues or an organ, followed by the return of blood supply.
Restoration of blood supply might cause more damage to the
tissues than ischaemic injury (1). Free oxygen radicals (FOR)
are produced in the tissue during the ischaemic period. Super-
oxide radicals and FOR cause endothelial damage, increased
micro vascular permeability, and tissue oedema (2, 3). System-
ic inflammatory response might be initiated by activated adhe-
sion molecules and cytokines. All these responses are defined
as IR injury (3). Various methods are developed to prevent
IR injury. One of these methods is ischaemic preconditioning
(IPC), which was described by Murry et al. (4) in 1986 for the
heart (4). IPC is defined as the process of increasing the resis-
tance of the tissue to long-duration ischaemia by short isch-
aemia-reperfusion episodes (5). Another method is the remote
ischaemic preconditioning (RIPC). Increasing the resistance of

an organ to ischaemia with the application of IR episodes to
another organ is called RIPC (6).

Ischaemic preconditioning performed on the kidneys is
claimed to repress the inflammatory response caused by
reperfusion. Direct ischaemic preconditioning (DIPC) for
the kidney is performed by clamping and declamping the
renal artery or pedicle, and the most well-accepted method
is fourcycles of 4 minutes of clamping (ischaemia) and 11
minutes of reperfusion (7, 8).

The RIPC of skeletal muscles, the kidney, lung, intestines,
liver, and brain was demonstrated to decrease tissue injury
induced by IR (9-15). A review of the medical databases re-
vealed no study on the comparison of RIPC and DIPC in the
rat renal IR injury model.

The aim of this experimental study was to compare and in-
vestigate the effects of lower extremity RIPC and renal DIPC
on IR injury of the kidneys, and to evaluate the effects of
RIPC and DIPC histopathologically in the rat renal IR injury
model.

Methods

The study was conducted on28 Wistar albino adult male rats
weighing between 250 and 300g in Dokuz Eylul University
Multidisciplinary Test Animals Laboratory after the approv-
al of Dokuz Eylul University Faculty of Medicine Animal
Experiments Local Ethical Committee (30.04.2010 date,
25/2010 protocol no). Rats were fed with standard rat pellets
and water, at room temperature (21-22°C), 40%-60% rela-
tive humidity, 12-hour light/dark cycles until the beginning

of the study. They were allowed to drink water only 12 hours
prior to the surgical procedure.

Anaesthesia was performed using 50 mg kg' ketamine (Ke-
talar, Pfizer Pharma GMBH, Germany) and 10 mg kg’
xylazine hydrochloride (Alfazyne 2%, Alfasan International,
Holland) intraperitoneally, and re-administration of half-
dose ketamine to maintain the deepness of anaesthesia by
checking the reflex responses.

Groups and protocol

Group I (Sham, n=7): Left renal pedicle was dissected after
laparotomy, and no further procedure was done.

Group II (IR, n=7): 4 hours of reperfusion following 45

minutes of total ischaemia of the left kidney after laparotomy.

Group III (DIPC+IR, n=7): Four cycles of 4-minute isch-
aemia/11-minute reperfusion applied on the left kidney, fol-
lowed by the same procedure as in Group II, 5 minutes later.

Group IV (RIPC+IR, n=7): Three cycles of minute isch-
aemia/10-minute reperfusion applied on the left lower limb,
followed by the same procedure as in Group II, 5 minutes
later.

Schematic view of the research groups
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Group I: Sham, n=7

Group II: Ischaemia reperfusion (IR), n=7

Group III: Direct ischaemic preconditioning and ischaemia reperfusion (DIPC+IR), n:7
Group IV: Remote ischaemic preconditioning and ischaemia reperfusion (RIPC+IR), N=7

Total working durations were the same (350min) in all
groups, and tissue samples were collected at the end of the
procedure.

Experimental IR and DIPC method

An abdominal midline incision was performed on rats in the
supine position. The blood supply was stopped to the kidneys
by compressing the renal pedicle with a micro-vessel clamp.
Four cycles of 4-minute ischaemia/ll-minute reperfusion
were applied for DIPC. Afterwards, 45 minutes of clamping
and 4-hour reperfusion were obtained.

Sufficient occlusion was confirmed with the absence of pulsa-
tions of renal pedicle and observed of kidney paleness.
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Figure 1. Proximal tubular damage score regarding the histopathological analysis
*IR Group vs. Sham Group (p<0.01)
**DIPC+IR Group vs. Sham Group (p<0.01)
***RIPC+IR Group vs. Sham Group (p<0.01)
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Figure 2. Renal MNL, infiltration scores regarding the renal histopatholgical analysis

*IR Group vs. Sham Group (p<0.01)
**DIPC+IR Group vs. Sham Group (p<0.01)
**RIPC+IR Group vs. Sham Group (p<0.01)

Experimental remote ischaemic preconditioning method
Three cycles of 10-minute ischaemia/10-minute reperfusion
with circular compression obtained with elastic bandage (1
cm wide, 30 cm long) were applied on the left hind leg of the
rat (16, 17). The blood flow cessation was confirmed with a
laser low meter (Laser Flo BPM2, Vasamedic, USA).

The operating table was heated with a heating lamp, and 3
mL kg' h'' of subcutaneous isotonic fluid solution was ad-
ministered during the operation to avoid dehydration and
hypothermia. The abdomen was covered with a wet sterile
gauze and surgical forceps during the reperfusion period. All
rats were sacrificed with the exsanguination method (cardiac
puncture) after the removal of the left kidney, in all groups.

Tissue samples were fixed inside 10% formaldehyde with a
gauze and evaluated histologically for kidney damage.

Evaluation of renal cellular histopathology

Renal tissue samples were analysed in the Dokuz Eylul Uni-
versity Medical Faculty Histology Department Laboratory.
5 pm sections were cut from tissue samples that were fixed
in 10% formaldehyde and embedded in paraffin, and they
were dyed using haematoxylin-eosine, Periodic Acid Schiff
and Masson’s trichrome triple dye.

Renal tissue samples were analysed blindly, by a histologist
working in the Dokuz Eylul University Medical Faculty His-

tology Department, under a licht microscope with regard to
gy Dep g p 2
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Figure 4. Interstitial space damage scores regarding histopathological kidney analysis

*IR Group vs. Sham Group (p<0.01)
**DIPC+IR Group vs. Sham Group (p<0.01)
**RIPC+IR Group vs. Sham Group (p<0.01)

the structural changes of proximal tubuli (tubular atrophy,
tubular brush border loss, tubular dilatation, cast forma-
tion, vacuolization), mononuclear cell (MNL) infiltration,
erythrocyte extravasation and structural changes of intersti-
tial space. Images acquired from the specimens were scored
semi-quantitatively as 0, +, ++, +++, ++++ (0: no change, +:
mild, ++: moderate, +++: severe, ++++: very severe changes)

(18).

Statistical evaluation

The Statistical Package of Social Sciences version 15 (SPSS
Inc.; Chicago, IL, USA) programme was used for statistical
evaluation. The Kruskal-Wallis variant analysis was for his-

topathological data, and the Mann-Whitney U test was used
for comparison among double groups. All values were given
as the meansstandard deviation (mean+SD). A p-value 0.05
was considered to be statistically significant. When signifi-
cant differences were obtained in the Kruskal-Wallis variant
analysis, p<0.017 was accepted as significant in pairwise com-
parisons.

Results

A total of 28 rats were included in the study conducted in
Dokuz Eylul University Multidisciplinary Animal Testing
Laboratory, and all animals completed the study.
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Figure 5. a-d. (a) Images of renal cortex specimens from Sham group stained with H&E (X40). (b) Images of renal tissue collected from
IR group, stained with H&E (—») MNL infiltration, (—>) erythrocyte extravasation (X20, X40). (c) Renal tissue samples from DIPC
+ IR group stained with H&E (—>) MNL infiltration, (— ) erythrocyte extravasation, (*) tubular changes (X40). (d) Images of renal
tissue collected from RIPC+IR group, stained with H&E (—>) MNL cell infiltration, (=) erythrocyte extravasation, (*) tubular changes

Histopathologic renal damage score

Structural changes of proximal tubules

Histopathological scores of the sham group were significantly
lower compared to the IR, DIPC+IR and RIPC+IR groups,
when the sham (0.00£0.00), IR (2.42£0.53), DIPC+IR
(1.57+0.53) and RIPC+IR (1.42+0.53) groups were analysed
(p<0.01). Scores of the IR, DIPC+IR and RIPC+IR groups
were found to be significantly different (p<0.05).

Scores of the IR group were detected to be significantly high-
er when compared to the DIPC+IR group and RIPC+IR

group (p<0.05), while there was no significant difference be-
tween the DIPC+IR group and RIPC+IR group (Figure 1).

Mononuclear cell infiltration

Histopathological scores of the sham group were significantly
lower compared to IR, DIPC+IR and RIPC+IR groups when
sham (0.14+0.37), IR (2.57%0.53), DIPC+IR (1.8520.37)
and RIPC+IR (1.42+0.53) group scores were analysed
(p<0.01). Statistically significant difference was observed
when the scores of the IR, DIPC+IR and RIPC+IR groups
were compared (p<0.01). Scores of the IR, DIPC+IR and
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RIPC+IR groups were compared, and the IR group scores
were significantly higher (p<0.05, p<0.01, respectively),
while no significant difference was observed between the
DIPC+IR and RIPC+IR groups (Figure 2).

Erythrocyte extravasation

Histopathological scores of the sham group were signifi-
cantly lower compared to the IR, DIPC+IR and RIPC+IR
groups when sham (0.42+0.53), IR (2.57+0.53), DIPC+IR
(2.14+0.37) and RIPC+IR (1.57+0.53) groups scores were
analysed (p<0.01). A statistically significant difference was
observed when the scores of the IR, DIPC+IR, and RIPC+IR
groups were compared (p<0.05). No significant difference
was detected between the IR and DIPC+IR groups, and on
the other hand, a significant difference was observed between
the IR group and DIPC+IR group, and between the DIP-
C+IR group and RIPC+IR group (p<0.05) (Figure 3).

Structural changes in interstitial spaces

Histopathological scores of the sham group were signifi-
cantly lower compared to the IR, DIPC+IR and RIPC+IR
groups when sham (0.00+£0.00), IR (1.42+0.53), DIPC+IR
(1.28+0.48) and RIPC+IR (1.28+0.48) group scores were
analysed (p<0.01). A statistically significant difference was
observed when the scores of the IR, DIPC+IR and RIPC+IR
groups were compared. A statistically significant difference
was not observed when the scores of the IR, DIPC+IR and
RIPC+IR groups were compared. No significant difference
was observed between the DIPC+IR and RIPC+IR groups
(Figure 4).

Cellular infiltration of any kind and the brush-border loss
were not observed on the kidney sections obtained from the
sham group (Figure5a).

The MNL filtration, brush-border loss of proximal tubular
cells, vasodilatation of cortical vessels and erythrocyte extrav-
asation in the peritubular area specifically intensified in the
cortical region were observed in the IR group. Tubular atro-
phy, tubular dilatation and vacuolization of proximal tubules
were rarely seen in some areas.

Cellular debris in the tubular lumen along with protein-
aceous substance collection was observed in some of the tu-

bules (Figure 5b).

A decrease in the MNL filtration in the cortical area, especial-
ly the peritubular region, and the brush-border loss of prox-
imal tubules in DIPC+IR group was observed, while on the
other hand, erythrocyte extravasation in the cortex was not
observed compared to the IR group.

Tubular atrophy in proximal tubules, tubular dilatation, vac-
uolization with proteinaceous substance deposition in the tu-
bules, and cellular debris in tubular lumen that were seen in
the IR group were observed to be reduced when compared to
the DIPC+IR group (Figure 5¢).

A decrease in the MNL infitration in the cortical area, es-
pecially in the peritubular region, the brush-border loss of
proximal tubules, and erythrocyte extravasation in the cor-
tex in the RIPC+IR group was observed. On the other hand,
only erythrocyte extravasation was observed to be less in the
RIPC+IR group compared to the DIPC+IR group.

Tubular atrophy in the proximal tubules, tubular dilatation
and vacuolization with the proteinaceous substance deposi-
tion in the tubules and cellular debris in tubular lumen that
are seen in the IR group were observed to be less when com-

pared to the RIPC+IR group (Figure 5d).

Discussion

In this experimental study, it was histopathologically demon-
strated that RIPC and DIPC reduce IR damage to the
kidneys in the rat renal IR model, and RIPC, which had
improved three out of four measured parameters, is more ef-
ficient compared to DIPC, which had improved two out of
four parameters.

Ischaemia is commonly seen, especially in vascular and trans-
plantation surgery. The energy supply and the removal of
toxic metabolites are maintained with reperfusion. But the
return of toxic metabolites to the systemic perfusion causes
severe metabolic outcomes, and reperfusion aggravates local
tissue damage. Reperfusion of ischaemic tissue results with
myonephropathic metabolic syndrome, which is a group of
systemic problems characterised by metabolic acidosis, hy-
perkalaemia, myoglobinaemia, myoglobulinurea and renal
insufficiency (19). Toxic products emerging with multiple
mechanisms activated with reperfusion damage distant or-
gans, first the lungs, then the heart, brain and liver, and they
might cause a multiple-organ failure that can lead to a long-
term intensive care monitoring (20, 21).

Different ischaemia and reperfusion intervals were applied
in the formation of experimental renal IR damage models.
Williams et al. (22) collected blood and tissue samples at 0,
0.5, 1, 2, 4, 6,9, 24 hours and 1 week after reperfusion for
their study in which they obtained ischaemia by clamping
the renal artery and vein for 45 minutes. Cochrane et al. (23)
collected blood and tissue samples after 24 hours post-reper-
fusion for their study, in which they evaluated different regi-
mens for IPC and obtained ischaemia by clamping the renal
pedicle for 45 minutes.

Islam et al. (7) applied reperfusion for 9 days after 20 and 40
minutes of ischaemia in their study, and they also compared
groups in which IPC was performed and in those that it was
not performed. These researchers stated that 20 minutes is
too short, and 40 minutes is ideal for the studies investigating
the IPC efficiency.

In this study, 45 minutes of ischaemia followed by 4 hours
of reperfusion, the shortest interval when renal damage is ob-



served, was preferred for observing the efficiency of IPC as
Williams et al. (22) and Cochrane et al. (23) did in their
studies.

The IPC, which is one of the methods for preventing the IR
damage to the kidney, has been applied with various tech-
niques, and it was demonstrated that it is efficient in the pre-
vention of IR damage (8, 23, 24). The mechanism of the IPC
protector effect in IR damage is still unknown.

Ischaemic preconditioning reduces the secretion of proin-
flammatory cytokines, which are secreted from the ischaemic
tissue, by decreasing endothelial dysfunction and inhibiting
P-selectin augmentation inducted by TNF (25, 26). Adenos-
ine A1 receptors (27), opioid receptors (15), protein kinase C
activation (28) and the HSP synthesis (29, 30) also play a role
in the protective effect of preconditioning.

The protective effects of IPC are also related to the duration of
ischaemia, number of IR cycles, pattern of application of the
cycles (intermittent or constant), direct or iRIPC, location of
indirect preconditioning and the target organ. Fan-zhu et al.
(31) inspected the effects of the IPC protocols repeated one,
two or three times on renal IR damage in their study that-
was conducted on dogs. They reported that the renal blood
flow and urine output recovery was significantly shorter in
the three-cycles group compared to the one-and two-cycles
groups, and the levels of adenosine, inosine, hypoxantine,
xantine and uric acid were lower in the three-cycles group
compared to one-and two-cycles groups and non-IPC group.
Toosy et al. (8) reported that the IPC protocol performed
as four cycles of 4 minutes of ischaemia and 11 minutes of
reperfusion, 5 minutes before the 40 minutes prolonged isch-
aemia, significantly improves the functional protection in
kidneys. Islam et al. (7) did not observe any protective effect
even although they used the same IPC protocol. The reason
for this was the IPC application 30 minutes before IR, and
the protective efficiency of IPC progressively declines if the
interval which is named as the critical interval between the
IPC and prolonged ischaemia is long. In a study conducted
on rabbits, the critical interval was prolonged to 1 hour from
10 minutes, and the rate of myocardial infarction declined
to 45% from 84%, but no decrease was observed when the
interval was 2 hours (32).

We performed 4-minute ischaemia and 11-minute reperfu-
sion based on a 5-minute critical interval, which is accept-
ed as the optimal time to avoid renal damage caused by the
model itself, and applied the IPC protocol as four cycles (7,
8).

We established that the IPC model reduces renal IR damage
significantly by reducing structural changes in the proximal
tubules and mononuclear cell infiltration, which issimilar to
the results by Toosy et al. (8) and different from the study by
Islam et al. (7).

Oral et al. Direct and Remote Ischaemic Preconditioning

Remote ischaemic preconditioning, performed by Przyklenk
et al. (33) for the first time, was shown to improve the coro-
nary artery perfusion, and the incident was called RIPC.

Ates et al. (34), in the study that inspected the effects of he-
patic IPC on renal IR damage, evaluated renal histopathology
at 45 minutes and 24 hours after reperfusion and reported
that the findings were significantly lower after 45 minutes in
the group that was applied RIPC and that at 24 hours, histo-
logical findings were almost normal. We also determined like
Ates et al. (34) that the results were supporting that RIPC has
effects on renal IR damage.

Kiintscher et al. (35) reported that to obtain temporary
ischaemia a non-invasive tourniquet application might be
an alternative instead of direct cessation of blood flow for
RIPC. Saita et al. (17) stated that the most effective IPC
method to prevent skeletal muscle IR damage is three cycles
of 10 minutes ischaemia and 10 minutes of reperfusion. Ol-
guner et al. (3) demonstrated that the RIPC performed with
the one-sided hind foot tourniquet method before the IR
model has decreased the histological score of lung damage
and lipid peroxydation. Sahin et al. (21) evaluated the liver
IR damage after three cycles of RIPC performed with the
hind-foot tourniquet method, and it was shown that RIPC
had reduced serum transaminase levels and liver histolog-
ical damage scores compared to DIPC. Wever et al. (14)
demonstrated for the first time for renal IR that the non-in-
vasive RIPC model with the one- or two-sided hind leg
tourniquet method is effective. Ulus et al. (36) showed that
different preconditioning methods may play an important
role in distinct organ injuries during aortic cross-clamping.
According to their results, preconditioning has a major ef-
fect on renal IR injury.

However, different from our study, they found that the best
results on renal congestion were in direct preconditioning
group. This difference may be related to different renal isch-
aemia models in these studies.

In our study, differing from other researchers, we investigated
and compared the effects of DIPC and 10 minutes of the
RIPC model on the one-side hind leg. It was detected that
both methods reduced IR damage and that RIPC was histo-

pathologically more effective than DIPC.

In the studies conducted, congestion, tubular dilatation,
tubular atrophy, degeneration, eosinophilic casts and ne-
crosis were observed in the renal histopathology investi-
gations after IR (22, 23). In this study, proximal tubular
structural changes, tubular atrophy, tubular brush-border
loss, tubular dilatation, cast formation, vacuolization, the
MNL infiltration, erythrocyte extravasation, renal corpuscle
morphology and interstitial space structural changes were
observed to be lower in the sham group compared to the
other three groups when renal histopathology was inspected
with a light microscope.
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Especially intensified in the cortical region in the peritubular
area, the MNL infiltration, proximal tubular brush-border
loss, cortical vessel vasodilatation, rich erythrocyte extravasa-
tion, rare tubular atrophy, tubular dilatation and vacuoliza-
tion were seen in the IR group, but a significant difference
was not found when compared to the DIPC+IR and RIP-
C+IR groups; on the other hand, the DIPC+IR and RIP-
C+IR groups were not significantly different, except for
erythrocyte extravasation. Histologic investigations with light
microscopy were determined as semi-quantitative scoring (3).
In this study, it was concluded that RIPC represses the histo-
pathologic renal damage score better than DIPC.

Reperfusion mechanism along with the protective mecha-
nisms is very complicated. Even though the effects of precon-
ditioning were defined two decades ago, intervening path-
ways are still not fully understood. It is reported that IPC
applied directly to the organ is not easily performed in vital
organ surgeries, that it primarily might endanger the target
organ, and that it secondarily might prolong the operation
time and increase the bleeding (37).

Remote ischaemic preconditioning might be used as an eas-
ily applied non-invasive clinical method which causes no
added stress to the kidney, without increasing the procedure
duration or bleeding. We have not come across any studies
comparing DIPC and RIPC in our literature investigations
in PubMed and other available resources.

As limitations to this study, we list the histopathologic evalu-
ation only without the investigation of biochemical parame-
ters, such as renal function tests, tissue myeloperoxidase and
longer reperfusion times (24 hours).

Conclusion

Direct ishaemic preconditioning and RIPC were both shown
to decrease the renal IR damage score histopathologically,
but RIPC was found to be more efficient than DIPC. It was
concluded that further studies about the efficiency and mech-
anisms of these two methods are required.
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