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Objectives: Ischaemia-reperfusion injury due to tourniquet
application is a good in vivo model to examine the resul-
tant ischaemic damage from a biochemical perspective.
The aim of the study was to investigate the effects of tour-
niquet induced injury by determining creatinine phos-
phokinase (CPK), glutamic oxaloacetic transaminase
(SGOT), lactic dehydrogenase (LDH) activities and
malondialdehyde (M D A) levels under regional anaesthesia.

Material and Methods: Blood samples were collected from
11 patients undergoing orthopaedic surgery under re-
gional anaesthesia (either spinal or combined-spinal epi-
dural anaesthesia) to determine CPK, SGOT, LDH ac-
tivities and M D A levels preoperatively as control (base-
line), 1 minute (min) before tourniquet release (BTR), 1,
5 and 30 min after tourniquet release (ATR).

Results: There were no significant differences in CPK, SGOT,
LDH activities and M D A levels with respect to control
but, M D A levels determined at 30 min A TR significantly
increased with respect to 5 min ATR (p<0.05).

Conclusion: Patients undergoing orthopaedic surgery under
regional anaesthesia do not require any antioxidant pro-
phylaxis against lipid peroxidation induced ischaemia-
reperfusion injury via tourniquet application lasting
109.6+34.8 min.
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Haemostasis by pneumatic tourniquet is a
popular technique for orthopaedic surgery of the
extremities since it provides a bloodless operation
field. However, consequent ischaemia leads to
tissue anoxia, and if it prolongs, it will lead to cel-
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Summary

Amacg: Turnike uygulamasina bagl iskemi-reperfiizyon hasari
olusan iskemik hasarin biyokimyasal a¢idan arastirilmasi
i¢in uygun bir in vivo modeldir. Bu ¢alismanin amaci
rejyonal anestezi altinda kreatinin fosfokinaz (CPK),
glutamik oksaloasetik asit transferaz (SGOT), laktik
dehdirogenaz (LDH) aktiviteleri ve malondialdehit
(MDA) diizeylerini tespit ederek turnikeye baglh hasarin
etkilerini arastirmaktir.

Materyal ve Metod: Spinal ya da kombine spinal epidural
anestezi ile ortopedik cerrahi gegirecek 11 olgu calisma-
ya alindi. CPK, SGOT ve LDH aktiviteleri ile MDA dii-
zeylerini belirlemek i¢in preoperatif olarak (kontrol),
turnike agilmadan 1 dk 6nce, turnike agildiktan 1, 5 ve 30
dk sonra kan 6rnekleri alindi.

Bulgular: CPK,SGOT ve L DH aktivitelerive M D A diizeyle-
rinde kontrole gére anlamli bir fark gozlenmedi fakat
turnike agildiktan 30 dk sonra belirlenen M D A diizeyleri
turnike agildiktan 5 dk sonraki degerlerden istatistiksel
olarak anlaml1 sekilde yiiksek bulundu (P<0.05).

Sonu¢: Rejyonal anestezi altinda ortopedik cerrahi girisim
gegiren hastalarda ortalama 109.6+34.8 dakikalik turnike
uygulamasina bagh iskemi-reperfiizyon hasarinin neden
oldugu lipid peroksidasyonuna karsi antioksidan
proflaksi gerekmedigi sonucuna varildi.

Anahtar Kelimeler: Lipid peroksidasyon iiriinleri,
CPK,SGOT,LDH,
MDA (malondialdehit),
Turnike uygulamasi,
Iskemi-reperfiizyon hasari
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lular damage in addition to accentuated injury by
reperfusion of ischaemic tissues (1,2).

Free radicals and lipid peroxidation products
known to contribute to tissue injury associated
with a wide range of acute and chronic conditions
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include ischaemia-reperfusion injury due to tourni-
quet release which is an anticipated phenomenon
during orthopaedic surgery (3). Malondialdehyde
(MDA), which is one of the cytotoxic aldehydes, is
a minor end product of peroxidation and it disrupts
the structure of biological membranes (4). It has
been reported that there was an elevation in MDA
levels during limb surgery requiring tourniquet use
under general anaesthesia in humans (5). Addition-
ally, injury to muscle is manifested by abnormal
permeability of the cell membrane to cytoplasmic
enzymes including creatinin phosphokinase (CPK),
glutamic oxaloacetic transaminase (SGOT) and
lactic dehydrogenase (LDH) (6). However, the
effect of ischaemia-reperfusion injury induced by
limb tourniquet on MDA levels and muscle en-
zymes during ischaemic insult and reperfusion
under regional anaesthesia have not been thor-
oughly investigated yet.

The aim of the study was to investigate the ef-
fects of ischaemia-reperfusion injury leading to
oxidative stress and muscle injury by determining
MDA levels and CPK, SGOT and LDH activities,
respectively during tourniquet application under
regional anaesthesia.

Methods
Patients

This study was approved by Hospital Ethics
Committee on Clinical Investigation and written
informed consent was obtained from each of the
participants. Eleven unpremedicated ASA (Ameri-
can Society of Anesthesiologists) physical status |
or II patients (6 female, 5 male patients), undergo-
ing lower extremity surgery requiring tourniquet,
without any metabolic, renal or hepatic distur-
bances and not receiving any antioxidant agents
were enrolled in the study. The limb to be operated
was elevated for ten minutes and wrapped with an
elastic bandage to minimize venous content. A
pneumatic double cuffed limb tourniquet was
placed around the thigh. After achieving adequate
anaesthesia by either spinal or combined spinal-
epidural anaesthesia using bupivacaine 12.5 mg
(Marcaine® heavy 0.5%, AstraZeneca, Sweden),
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the tourniquet was inflated between 350 to 400 mm
Hg until the rapid cessation of arterial inflow to
provide a bloodless operation field. Occlusion was
released at the end of the operation, thereby allow-
ing recirculation of the extremity.

Sample Preparation and Storage

The blood samples were collected from an in-
dwelling radial artery catheter inserted under local
anaesthesia to avoid repeated venous punctures.
CPK, SGOT and LDH activities and MDA levels
were determined before tourniquet application as
control (baseline), 1 min. before tourniquet release
(BTR), 1, 5 and 30 minutes after tourniquet release
(ATR). Blood samples were centrifuged within 10
minutes and the supernatant was stored at -70°C
until analysis.

Biochemical Analysis

All of the blood samples were analyzed for
CPK (RAXT, Biocon kit, at 340 nm wavelenght),
SGOT and LDH (DAX-Technicon 48, Biocon kit
at 340 nm wavelenght) activity by spectropho-
tometry. Results were expressed as U L™

Free Radical Assay

The lipid peroxides formed by peroxidation of
the free radicals converted into MDA react with
thiobarbituric acid (TBA) to form a colored com-
plex. The degree of lipid peroxidation was deter-
mined as TBA reacting substances. Plasma (0.5
mL) and trichloracetic acid (200 g L") were mixed.
Then, TBA (6.7 g L") was added to this mixture
and boiled for 30 minutes. Following addition of
N-butanol (4 mL), the mixture was centrifuged for
10 minutes at 3.000 r.p.m. Results were obtained
as micromol L at 535 nm wavelength by Milton
Ray Spectronic 3000 Array (U.S.A).

Statistical Analysis

Results were expressed as mean + SD. One
way ANOVA was used to interpret the results
among the sampling times followed by post hoc
test in case of detecting significant differences. A p
value less than 0.05 was considered as statistically
significant.
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Results and Discussion

The mean age, weight, height of the patients
and duration of tourniquet application were 59 +
16 years, 69 = 8 kg, 162 £ 6 cm and 109.6 + 34.8
min, respectively.

The CPK, SGOT and LDL activities did not
show any statistically significant differences
among the sampling times and remained within the
clinical limits as well (Figure 1).

MDA levels
points did not show a statistically significant dif-

determined at different time

ference with respect to control, but M D A levels of
30 min ATR significantly increased when com-
pared to the M D A levels of 5 min ATR (Table 1).

The M D A levels in the late reperfusion phase
demonstrated a significant increase versus those in
the mid-reperfusion phase which was not control
but not control associated without any apparent
alterations in enzymes such as; CPK, SGOT and
LDH. This result was considered to be due to mus-
tourniquet ischaemia-

cle injury caused by

reperfusion under regional anaesthesia.

There are numerous complications due to tour-
niquet induced ischaemia. Although very rare, one
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Table 1. Malondialdehyde (MDA) levels (u mol L"")
(Mean £+ SD)

Baseline (Control) 4.56 + 149
1 min BTR 431 +£1.54
1 min. ATR 431 + 1.54
5 min. ATR 398 + 131
30 min. ATR 721 +4.82%

BTR: Before tourniquet release
ATR: After tourniquet release (reperfusion)
*P<0.05 versus 5 min ATR.

of the most severe is rhabdomyolysis which is de-
fined as an injury of'the skeletal muscle allowing its
contents to escape (6). Injury is manifested by ab-
normal permeability of the cell membrane to cyto-
plasmic enzymes including CPK, SGOT and LDH
which are identifiable in plasma or urine as indica-
tors of muscle damage (7). In contrast to this study,
Day and Zale (6) found an increase in the postopera-
tive CPK and L D H activities only in 2 patients out
of 40 whereas, a decrease in the postoperative
SGOT activities were found only in 1 patient out of
40 with respect to preoperative values. In our study,
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Figure 1. CPK (U L") levels of baseline (control), 1 min BTR, 1 min ATR, 5 min ATR (n=I 1) and 30 min ATR (n=10); SGOT

and LDH (U L") levels ofbaseline (control), 1, 5 and 30 min ATR (n=l1 1). The normal limits were between 25 -1!

5-45 U L-" for SGOT and 100 - 450 U L"" for LDH.
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there were no statistically significant differences in
the mean CPK, SGOT and LDH activities among
the sampling times. On the other hand, Chiu et al (1)
demonstrated that there were no changes in CPK
activities with 1 and 2 hours of ischaemic periods
until after 1 hour of tourniquet release in dogs, since
the tolerance of skeletal muscle of the dog to ische-
mia was assumed to be similar to that of the hu-
mans. In parallel to this study, we did not find a
significant difference in CPK activity probably be-
cause of the relative early determination of the last
CPK activity (30 minutes ATR) and relative short
duration of tourniquet duration. Thus, skeletal mus-
cle injury evaluated by CPK, SGOT and LD H ele-
vations were found to be inapparent with a 109.6 +
34.8 min tourniquet duration which was reliable in
the present study.

Injury can occur, even though skeletal muscle
is relatively insensitive to the deleterious effects of
ischaemia and subsequent reperfusion. Numerous
studies are found in the literature concerning the
local, systemic, metabolic and morphological ef-
fects of pneumatic tourniquets on skeletal muscles
(8,9). The effects of continuous tourniquet applica-
tion resulted in a significant muscle necrosis after a
two hour tourniquet application at 350 mm Hg in
rabbits (10), but it is recommended not to exceed
approximately 2 hours in humans (6).

Damage from oxygen free radicals has been
documented in many different tissues after reperfu-
sion, including skeletal muscle (11-13). Limb is-
chaemia from prolonged use of tourniquet in or-
thopaedic surgery may have profound effects on
muscle function following restoration of blood
supply (14) because of possible production of free
radicals during reperfusion of ischaemic skeletal
muscle which might be mediators of the resulting
damage (12,13). There are numbers of potential
intracellular sites for the production of free radicals
within muscle such as mitochondrial electron
transport  systems, membrane-bound oxidases,
infiltrating phagocytic cells and xanthine-oxidase
within endothelial tissue closely associated with
muscle (15). Oxygen radicals formed in a variety
of reactions are prevented by several antioxidants.
Consequently, when endogenous antioxidant de-
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fence capabilities are exceeded by oxidant flux,
tissue injury occurs (16). Elevation in the lipid per-
oxidation causes an increase in membrane penne-
ability, decrease in intracellular ATP levels leading
to activation of membrane-bound phospholipases
which further potentiate membrane damage (17-19).
The present study demonstrated that ischaemia
reperfusion induced lipid peroxidation has been
assumed to be compansated by endogen protective
mechanisms because M D A levels during reperfu-
sion phase (1, 5 and 30 min. ATR) did not show any
significant differences with respect to control. We
performed regional anaesthesia with bupivacaine
and we did not use any anaesthetic drugs known to
have antioxidant properties to sedate patients during
regional anaesthesia such as; propofol.

In the current study, the TB A assay which has
been the most popular and simple method is used
as an indicator of lipid peroxidation in biological
samples as described in the previous studies
(20,21). Interassay variation known as coefficient
of variation estimated with the standard solution of
MDA was less than 2% and results for duplicate
samples varied within 2%.

Although ischaemia reperfusion injury was as-
sociated with an increase in CPK activities which
were measured by chemiluminescence in rabbits
(22), neither MD A (lipid peroxidation end prod-
ucts) nor enzymes used as indicators of resultant
muscle damage showed any significant differences.
The discrepancy between the studies might be due
to the different determination methods of CPK.

It has been reported that inosine, a stable me-
tabolite of adenosine, attenuated the local and the
systemic proinflammatory responses associated
with skeletal muscle reperfusion injury in mice
(23). The present study demonstrated that patients
undergoing orthopaedic surgery under regional
anaesthesia do not require any antioxidant prophy-
laxis against ischaemia-reperfusion injury induced
lipid peroxidation via tourniquet application lasting
approximately 109 min. since increase in M D A
levels could be balanced by endogen protective
compansatory mechanisms. However, further stud-
ies are needed to elucidate the accurate underlying

mechanism.

117



Berrin GUNAYDIN etal.

REFERENCES

11.

13.

118

Chiu D, Wang HH, Blumenthal MR. Creatinine phos-
phokinase release as a measure of tourniquet effect on
skeletal muscle. Arch Surg 1976; 111:71-4.

Granger ND. Role ofxanthine oxidase and granulocytes in
ischemia-reperfusion injury. Am J Physiol 1988; H1269-
75.

Halliwell B. Current status review: Free radicals, reactive
oxygen species and human disease: a critical evaluation
with special reference to atherosclerosis. Br J Exp Path
1989; 70:737-57.

Musacchio E, Rizzoli V, Bianchi M, Bindoli A, Galzigna
L. Antioxidant action of propofol on liver microsomes,
mitochondria and brain synaptosomes in the rat. Pharma-
col Toxicol 1991;69:75-7.

Kahraman S, Kihnc K, Erdem K. Propofol attenuates
formation of lipid peroxides in tourniquet-induced ische-
mia-reperfusion injury. BrJ Anaesth 1997; 78:279-81.
Day RL, Zale BW. The effect of tourniquets on muscle
enzymes during foot and ankle surgery. J Foot Ank Surg
1993; 32(3): 280-5.

Knochel JP. Rhabdomyolysis and myoglobinurea. Semin
Nephrol 1981; 1:75-86.

Brustowicz RM, Moncorge C, Koka BV. Metabolic re-
sponses to tourniquet release in children. Anesthesiology
1987;67:792-4.

Townsend US, Goodman SB, Schurman DJ, Hackel A,

Brock-Utne JG. Tourniquet release: Systemic and meta-
bolic effects. Acta Anaesthesiol Scand 1996; 40:1234-7.

. Pedowitz RA, Friden J, Thornell LE. Skeletal muscle

injury induced by a pneumatic tourniquet : An enzyme -
and immunohistochemical study in rabbits. J Surg Res
1992; 52:243-50.

Cross CE, Halliwell B, BorishET, Pryor WA, Ames BN,
Saul RL, McCord JM, Harman D. Oxygen radicals and
human disease. Ann Int Med 1987; 107:526-45.

. Friedl HP, Smith DJ, Tiil GO, Thomson PD, Louis DS,

Ward PA. Ischemia-reperfusion in humans, appearance of
xanthine oxidase activity. Am J Pathol 1990; 136:491-5.

Concannon MJ, Kester CG, Welsh CF, Puckett CL. Pat-
terns of free-radical production after tourniquet ischemia:

14.

20.

21.

22.

23.

EFFECTS OF TOURNIQUET INDUCED ISCHAEMIA ON MALONDIALDEHYDE AND MUSCLE ENZYMES

Implication for the hand surgeon. Plast Reconst Surg
1992; 89:846-52.

Bulkley GB. Reactive oxygen metabolites and reperfusion
injury: aberrant triggering of reticuloendothelial function.
Lancet 1994; 344:934-6.

. Jackson MJ, O'Farrell S. Free radical and muscle damage.

Br Med Bull 1993;49:630-41.

. Rangan U, Bulkley GB. Prospects for treatment of free

radical-mediated tissue injury. Br Med Bull 1993; 49:700-
18.

. Jennings RB, Reimer KA. Lethal myocardial ischemia

injury. Am J Pathol 1981; 102:241-55.

. Kagan VE, Archipenko YV, Bitov VB, Kozlov YB. Modi-

fications ofthe enzymatic system for Ca’  transport in sar-
coplasmic reticulum upon lipid peroxidation. Biochem
USRR 1983;48:320-30.

. Reimer RK, Jennings RB, Hatum A H. Pathobiology of

acute myocardial ischemia; metabolic functional and ultra-
structural studies. Am J Cardiol 1983; 52:72-81.

Nylander G, Otamiri T, Lewis DH, Larsson J. Lipid per-
oxidation products in postischemic skeletal muscle and af-
ter treatment with hyperbaric oxygen. Scand J Plast Re-
constrSurg 1989; 23:97-103.

Holley AE, Cheeseman K H. Measuring free radical reac-
tions in vivo. Br Med Bull 1993; 49:494-505.

SunJS, Hang Y S, Huang 1H, Lu FJ. A simple chemilumi-
nescence assay for detecting oxidative stress in ischemic
limb injury. Free Rad Biol Med 1996; 20:107-12.

Wakai A, Winter DC, Street JT, O'Sullivan RG, Wang
JH, Redmond HP. Inosine attenuates tourniquet-induced

skeletal muscle reperfusion injury. J Surg Res 2001;
99:311-5.

Received: May 17, 2002
Correspondence: Benin GUNAYDIN

Department of Anaesthesiology
Faculty of Medicine

Gazi University, Ankara-TURKEY
gunaydin@med.gazi.edu.tr or

gunaydin@marketweb.net.tr

T Klin J Med Res 2002, 20


mailto:gunaydin@med.gazi.edu.tr
mailto:gunaydin@marketweb.net.tr

