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Effect of high-dose of 
methylprednisolone on 
tourniquet ischaemia 

High doses of corticosteroids have been found to have beneficial 
effects in various shock states. It has been well recognized that 
ischaemia is one of the important features in shack states. This 
prompted us to investigate the effect of high -dose methylprednis- 
alone on tourniquevinduced ischaemia using mongrel dogs. 
After inflation of tourniquets to 600 mmHg on each thigh of the 
hind legs, one leg received an intravenous infusion of methyl- 
prednisolone. 3 rag.kg -j dissolved in 20 ml of aatologor~s blood. 
The other leg received the same amount of blood only, as a 

control. During two hours of tourniquet time and until 30 rain 

after tourniquet deflation, venous blood was sampled five times 
from both hind legs .for meedurements of blood gas tensions 
(PvO?, PvCO~) and pH, lactic acid, creetltffne kinase (CK), 

uspartate aminotransferase (AST) and lactate dehydrogenase 
(LDH). During tourniquel ischaemia. Pv02 and pH dropped 
and PvC02, lactic acid, CK, AST and LDH rose steadily and 
significantly in both groups of togs, indicating respiratory and 
metabolic acidosis, and muscle ceil damage. However, those 
changes were significantly smaller in the methylpredniselone- 
treated legs. The beneficial effect of  methylprednisolone could 
be attributed to its vasodilatory effect, cellular membrane 
stabilization and direct metabolic effect on skeletal muscle cells. 
Although the tourniquet-induced ischaemia in our study is 
slightly different from the clinical paradigm, the results suggest 
that high.dose methylprednisolone may provide a beneficial 
effect during tourniquet ischaemia. 
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Pneumatic tourniquets are widely used tbr limb surgery 
and facilitate intravenous regional anaesthesia. The ex- 
tremity below the tourniquet becomes ischaemic, result- 
ing in respiratory and metabolic acidosis, and skeletal cell 
damage) ,2 Biochemically, ischaemia and hypoxia are 
very' similar to shock; a primary metabolic abnormality is 
a rapid and considerable reduction in the aerobic produc- 
tion of energy) 

Massive doses of eorticosteroids, including methyl- 
prednisolone, have been found to have beneficial effects 
in different shock states ~6 The mechanism for the 
beneficial effects has not been clearly determined, but 
several hypotheses have been proposed. These include a 
cell membrane stabilizing effect, 7 reducing the liberation 
of vasoactive substances, ~ a direct metabolic effect, 9 and 
a vasodilative effect. ~0 The purpose of this study was to 
investigate, using a dog model, whether a corticosteroid 
such as methylprednisolone could attenuate the patho- 
physiological changes due to tourniquet-induced ischaemia. 

Methods 
Seven large mongrel dogs weighing 23-35 kg were used 
for this study. The dogs were anaesthetized with pento- 
barbitone 30 rag. kg -1 IV. The trachea was intubated in 
order to assure an adequate airway, and then allowed to 
breathe spontaneously. 

IV catheters, 16 gauge, were placed in bath hind legs 
tbr venous access, and control venous blood samples were 
drawn. Identical paediatric size tourniquets were applied 
to the thigh of both hind legs and connected via a Y 
connector to a Shook tourniquet unit. Two 20 ml aliquots 
of venous blood were drawn from each dog's foreleg. 
Methylprednisolone, 3 mg 'kg  -I body weight, was dis- 
solved in one of these samples of blood as a vehicle. The 
tourniquets were then simultaneously inflated to 600 
mmItg. Blood with methylprednisolone was then injected 
into one of the tourniquet-occluded legs. The other 20 ml 
of autologous blood without methylprednisolone was 
injected into the opposite leg. 

Venous blood samples were taken from both legs at 30, 
60, and 120 rain after tourniquet inflation. At 120 rain, 
after blood sample collection, the tourniquets were 
deflated, and samples were taken at 5 and 30 rain after 
tourniquet release. 
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TABLE I Venous blood pH and ga~ tensions (mean -+ SE) 

Touriliql4et On Tourniquet off 

group BV 30 60 120 5 30 (rain) 

pH Control 7.15 -+ 0.03 "~ 7.10 --- 0.04t 6.95 --- 0.05f 
MP 7 34 + 0.08 7.21 -+ 0 04*w 7.17 + 005'1w 7.07 -+ 0.06fw 

PrO2 Control 24.7 + 2.7* 23.3 --. 3.7; 20.3 + 2.4t 
(mmHg) MP 57.6 -+ 3.5 34.9 -+ 4.4"w 31.6 4- 3.0?w 27.3 _+ 3.4fw 

PvC02 Control 69.4 --- 4.6' 73.9 --- 5.77 98.1 -- 9,2t 
(rnml-lg) MP 46.0 --. 1.5 60.4 -+ 5.6*w 64.1 - 6.6*w 78.7 = 10.0#w 

7.27 -- 0.02 7.30 + 0.02 
727 -+ 0.02 %28 * 0.02 

64.1 - 3.3 64.7 ~- 3.7 
61.7 _+ 3.7 61.1 "*" 3.7 

42.4 - 2.2 43.4 - 2.3 
46.3 -+ Z9 44.0 - 2.3 

[Iv, base fine value; MP, Methylprednisolone. 
*(p < 0.05), *(p < 0.01) signJficant di.fferanees as compared to baseline values. 
:~(p < 0.05), w < 0.01) significant differences as compmed to corresponding values of control group. 

Partial pressures of oxygen and carbon dioxide, and pH 
were measured with a Coming 178 pH/gas analyzer. 

Lactic acid determinations were performed using a 
Dupont ACA Ili analyzer. Determination of enzymes 

including CK, AST and LDH were performed utilizing an 
Abbott VP biochromatic analyzer. All enzyme activity 

was measured at 37 ~ and expressed in international units 

per litre ( IU,L- ' ) .  The data were analyzed using two-way 

analysis of variance for repeated measures followed by 

Dunnett and Duncan tests with p values <0 .05  considered 

statistically significant. 

Results 
The control values for PvO~, PvCO~ and pH were 57.6 _-2 
3.5 mmHg (mean - SE), 46.0 --- 1.5 mmHg,  and 7.34 --- 
0.08 respectively (Table I). PvO2 and pH decreased, and 
PvCO2 increased steadily and significantly in both control 
and methyiprednisolone-treated groups during the course 
of two hours of tourniquet ischaemia. In the methyl- 
prednisolone-trealed legs, however,  the decrease in PvO2 
and pH, and increase in PvCO2 were significantly less 

than in the control group at all times measured during 
tourniquet occlusion (p < 0.01). Values returned to 

control levels in both groups after the tourniquets were 

released. 

Table II shows the changes of serum levels for CK, 
AST, and LDH. Their baseline values before tourniquet 

occlusion were: CK 66,1 - 18.0 I U . L - ' ,  AST 33.6 -+ 2.5 
IU.L- ' ,  and LDH 107.7 --- 26.0 IU.L  -~ , respectively. The 

increase in CK was significantly less (p < 0.05) in the 

methylprednisolone-treated leg at 120 rain of  tourniquet 

occlusion. CK levels were further increased in both groups 

at 30 rain after tourniquet deflation. AST levels rose 

significantly in both groups during tourniquet ischaemia. 

At 30 rain of tourniquet occlusion the increase in AST was 
much less in the methylprednisolone-treated leg (p < 
001) .  Within five minutes after tourniquet release AST 
levels had returned to control levels in both groups. The 
increase in LDH levels was significantly less in the 

methylprednisol.one-treated leg (p < 0.01) at all times 
measared during tourniquet occlusion. Both groups re- 
turned to basefine value within five minutes after the 
tourniquets were released. 

Lactic acid increased significantly and steadily from 
baseline value of 6.6 --+ 1.3 m g . d l  - t  in both groups 
(Figure). The methylprednisolone-treated legs, however,  

TABLE II Serum enzymes 

Tourniquet on 

group BV 30 60 

Tourniquet off 

120 5 30 fmin) 

CK Control 113.1 "r 28.2* 1257 - 21.1" 
{IU'L -t) MP 66.1 - 18.0 87.4+26.6 1110--.28.9 

AST Control 47.0 +- 3.5'1 46.6 _+ 2.2? 
(IU'L -~) MP 33,6 "t" 2,5 39.9 �9 3. I~w 46.7 + 4.1t 

LDH Control 234.0 • 56.8* 272.4 - 57.4* 
(IU,L-I) MP 107.7 + 26.0 118.7 -+ 22.5w 190.7 - 40.1:~ 

170.7 --.+ 31.6w 121.0 - 24.6* 194.5 --. 50.9t 
137.4 z 32.8":~ 89.0 ~ 153~: 182.9 ~ 45.5'1 

51.6- 2.9? 3i.3 -+ 1.6 31.9 --- 2.5 
47.3 -+ 3.8t 31.6 - 20 32.6 --. 1.6 

450.1 - 115.1* 141.7 ~- 2 1 . 4  143.0--.30.6 
2~5.6_* 77.1"w 150.1 • 143.3+ 18.9 

BV, base line value; MP, Methylprednisolone. 
*(p < 0.05), t(p < 0.01) significant differences as compared to baseline values. 
:t:(p < 0,05), w < 0.01) significant differences as comp~cd to corresponding values of control group. 
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FIGURE Lactic acid levels (mean - SI~). T-on an~l T-off indicate time of tourniquet inflation and cteflation. 
* p < 0.05, **p < 0.01 as comp~ed with baseline values be[ore tourniquet inflation. # #  p < 0.01 for 
intergroup comparison. 

showed significantly less lactic acid production than the 
control group (p < 0.01) at 60 and 120 min of tourniquet 
occlusion. Lactic acid levels decreased precipitously in 
both groups after tourniquets were deflated; however, the 
levels remained significantly elevated. 

Discussion 
Our experimental model for tourniquet isehaemia is not 
exactly the same as the clinical paradigm. Ctinieally, the 
extremities are first exsanguinated with an Esmarch 
bandage and the tourniquet is inflated to a pressure above 
arterial pressure, producing a bloodless operative field. If 
a clinically relevant tourniquet isehaemia is employed, 
obviously multiple blood sampling is impossible. There- 
fore, each 20 ml of autologous blood with or without 
methylprednisolone was injected into the hind leg veins 
after tourniquets around both thighs were inflated, mak- 
ing blood sampling possible during the ischaemic period. 
Clinically, the tourniquet is also used for intravenous 
regional anaesthesia in which usually 50 ml of 0.5 per cent 
lidocaine is injected into the arm vein after the arm is 
exsanguinated and the tourniquet is inflated until blood 
flow ceases. Shortly after, analgesia is produced all over 
the surface of the arm below the tourniquet, indicating 

that lidocaiue has spread evenly throughout the arm. 
Similarly, methylprednisolone dissolved in 20 ml of 
blood as a vehicle was believed Io be spread evenly 
through the dog's hindlimb below the tourniquet. The 
tourniquet was inflated to 600 mmHg, which was well 
above the clinically applied pressure, ensuring the almost 
complete arrest of circulation. 

Ischaemia causes not only hypoxia but also cessation of 
substrate supply "~o tissues as well as accumulation of 
metabolites such as carbon dioxide and lactate, t t Accord- 
ingly, the pathophysiological changes of tourniquet isch- 
aemia include a fall in oxygen tension, respiratory as well 
as metabolic acidosis, and resulting cellular damage. ]-2 If 
ischaemia lasts long enough to pass beyond the so-called 
"point of no return," cellular damage becomes irrevers- 
ible, leading to cell death. 3 The time of the point of no 
return for skeletal muscles subjected to ischaemia is much 
longer than that of other organs such as the brain and 
kidneys. In general, two hours of tourniquet time is 
clinically allowable for surgery. 2 Among the glucoeorti- 
costeroids, methylprednisolone was selected for use in 
this study, since it has been found to pass through cell 
membranes rapidly. 12 The usual dose of methylpred- 
nisolone is 30 rag.ks -t  of body weight and up. t3 We 
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assumed that the weight of one hind limb is about ten per 
cent of the total body weight. Thus, methylprednisolone 
3 mg" kg -t body weight was injected into a hind limb vein 
after the tourniquet was inflated. Since the control and 
experimental states were compared simultaneously in the 
same animal in our study, error due to individual 
variability was eliminated. 

It was not our purpose to investigate how glucocorti- 
costeroids work. Thus, our study is phenomeno]ogic like 
most studies in which the efficacy of glucocorticosteroids 
has been investigated in various pathophysiological con- 
ditions. However, demonstration of the beneficial effect 
of methylprednisolone in our study can be explained 
based on findings in studies by many researchers. 

Immediately after tourniquet application, blood flow 
ceases and blood pressure drops essentially to zero. This 
haemodynamic change can initiate local release of vaso- 
active mediators. For example, noradrcnaline is released 
at the end of the sympathetic nerve endings in the 
immediate vicinity of vascular smooth muscle, resulting 
in vasoconstriction. ~4 High doses of methylprednisolone 
have been found to inhibit the constrictor action of many 
vasoactive mediators, resulting in vasodilation. ~o.ts 
Therefore it is speculated that the degree of vasospasm, 
which is energy-requiring and would thereby consume 
oxygen, might have been less in the methylprednisolone- 
treated group. This may explain why the reduction of 
PvO2 and the increase in PvCO2 were significantly less in 
the drug-treated legs. As tourniquet time increases, 
accumulated metabolites and low pH cause dilatation of 
the arterial wall by inhibition of the contractility activity 
of the vascular smooth muscle cells. J6 

In addition to the vascular effect, glucocorticosteroids 
have been found to possess a direct cellular metabolic 
effect, 9 although the mechanism is not known in detail. 
The study by Masters et al. 17 indicated the beneficial 
effect of methylprednisolone, 40 rag. kg-~, on carbohy- 
drate metabolism maintaining the generation of energy- 
producing substrates in acute myocardial ischacmia. 
Schumer and Nyhus Is showed evidence of decreased 
plasma lactic acid in their oligemic shock patients, 
demonstrating the protective metabolic effect of dexa- 
methasone. In our study, lactate production was signifi- 
cantly less in the methylprednisolone-treated group. This 
suggests that methylprednisolone possesses a direct bene- 
ficial metabolic effect on the skeletal muscle cells during 
tourniquet ischaemia. 

lschaemia-induced damage to the ceil membrane re- 
suits in release of intracelhilar contents. Of these con- 
tents, it is release of enzymes, including CK, AST ,  and 
LDH that is particularly significant in the evaluation and 
confirmation of cell injury. 19 Our study demonstrated 
skeletal muscle cell damage due to tourniquet ischaemia 
as evidenced by significant increases in these enzymes 

with tourniquet time. The methylprednisolone-treated 
groups, however, showed significantly smaller increases. 
How methylprednisolone protects the cel] is unclear, but 
our results would lend some support to Ihe theory that 
corticosteroids have a stabilizing effect on cellular and 
subcellular membranes, which in turn reduces the release 
of intracellular contents, s'z~ In addition, it has been 
shown that oxygen-free radicals play an important role in 
cellular injury in various isehaemie tissues including 
skeletal muscle. 2~ Fuehrer et at. 2~ demonstrated that a 
high dose of methylprednisolone can clearly inhibit the 
oxygen-free radical generation from leakocytes. There- 
fore, it can be speculated that in the toumiquet-indueed 
ischaemic limb the oxygen-free radical system could have 
been inhibited in the methylprednisolone-treated limb. 
leading to a lesser degree of cellular injury with a resultant 
small increase in serum enzymes. 

Reactive hyperemia from vasodilation by accumulation 
of anaerobic metabolites after tourniquet Jschaemia is 
well established for skeletal muscle vessels. 2'* However, 
even increased blood flow to the iscbaemic tissue does not 
guarantee the i nulaediate return of cellular function. After 
deflation of the tourniquet, some areas of skeletal muscle 
may still have disturbed microcireulation, called "non- 
reflow" phenomenon. 25 Therefore, cellular injury can 
persist 30 minutes to three hours after a one- to two-hour 
period of tourniquet ischaemiafl 6 This might explain the 
further increased CK levels which occurred "after tourni- 
quet release. The increase in CK levels may also be due to 
muscle injury under the tourniquet. In addition to the 
impaired microcirculation, reconstitution of aerobic me- 
tabolism from the anaerobic state is a complex process 
which may not always be completed properly after reflow 
occurs. 3 This could be a reason why lactic acid levels in 
both groups were still significantly high at 30 min after 
tourniquet release. 

In conclusion, the results of this study indicate that 
methylprednisolone provides a beneficial effect during 
tourniquet ischaemia. The mechanism of action for this 
efieet remains unclear, however. 
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R6sum~, 
Des doses ~lev~es de corticost~ro~des out ~t~ trauv~es b~nd- 

fiques dans diffdrems ~mts de choe II est bien reconnu que 

[' isch~mie est un signe important des ~tats de chat'. Ceci nous a 

conduit d investiguer l'effet de doses ~lev~es de m~thylpred- 
nisolone sur l' isch#mie induite par le tourniquet chez les chiens 

bfitards. Apr~s inflation du tourniquet it 600 mmHg sur chaque 
cuisse des paues arridre, one patio a re~:u la perfusion 
intraveineuse de 3 I mg'kg- de rn~thylprednisoione dissout duns 
20 ml de ~ang autofogue. L' autre patio a re~:u tu m6me quautit~ r 
de sung et jut utilisde comme contrble. Pendant deux heures du 

temps d' isch~2mie par tourniquet et 30 minutes apr~s la ddflation 
du tourniquet le sang veineu.x a ~td retird d cinq reprises des deux 

pattes pour fin de gazom~trie (PrOs, PvC02) pH, acide 
lactique, cr~atine pattes pour fin de gazom#trie (Pv02, PvC02) 
pH, acide lactique, crdatine kinase (CK), a.~parmte aminotran- 
s#drase (AST) et d~hydrogdnase lactique (LDH). Durant l'is. 
chdmfe provoqu~e par le tourniquet, la PrO z et pH diminu~rent 
et la PvC02, l'acide lactique, la CK, I'AST et le LDH 
augmenti, rent progressJvement et significativement dans los 

deux groupes de pattes indiquant one acidose mdtabolique et 
respiratoire ainsi qu'une t~sion de la cellule musculaire. 
Cependant, cos changements $taient significativement moindres 

pour les pattes trait~es au mdthylprednisolone. L "effet bdndfique 
de la m~thylprednisolone pourra ~tre attribud it son effet 

vasodilatateur, son effet smbilisateur de la membrane celluiaire 
et un effet m~tabolique direct sar la celluie muscufaire squelet- 

tique. Mi.me si te temps d' isch~mie induit par le tourniquet clans 
nolre glade est l~g~rement different de la cliniqur tes rdsultats 
suggP.rent que les doses dlevdes de mdthytprednisotone peuvent 
amener un effet bJr~fique sur l'ischdmle provoclude par le 
tourniquet. 


