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Recent investigations suggest that circulation in a limb can be reduced with
a tourniquet to less than 1 per cent of the control limb, or even completely
occluded. The development of tissue oxygen tonometry with implanted
silastic tubes has provided new possibilities for assessing muscle tissue
oxygen tension. In the present work, this method was employed to register
the effect of tourniquet blockade on the lower limb muscle PO, in rabbits.
The duration of the tourniquet blockade was 60, 120 and 180 minutes. The
baseline muscle PO, in the tibialis anterior muscle was 22.6 £ 0.6 mmHg.
During the tourniquet blockade the oxygen tension dropped to minimal
values between 9.2+ 0.5 and 10.7+ 0.6 mmHg in these experimental groups,
but the tissue microclimate never reached fully anoxic conditions. The rapid
response of muscle PO, to oxygen breathing after release of the blockade

suggests that limb microcirculation tolerates tourniquet occlusion well.
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The clinical advantages of a pneumatic
tourniquet are well known, since surgery in a
bloodless field has been practised for over a
century (Esmarch 1873). However, main-
taining tourniquet blockade involves dis-
advantages, the greatest of which is probably
tissue ischaemia.

Recent investigations suggest that circula-
tion in a limb can be reduced with a tourni-
quet to less than 1 per cent of the control
limb (Klenerman & Crawley 1977). The
resistance of the microcirculation of striated
muscle against ischaemia is largely unknown.
In recent studies the role of tissue oxygena-
tion in operative procedures has been
emphasized (Kivisaari & Niinikoski 1975,
Niinikoski 1977).

The development of

34

tissue  oxygen

tonometry with implanted silastic tubes
(Niinikoski & Hunt 1972) has provided new
possibilities for investigating muscle tissue
oxygen tension. In the present work, this
method was employed to register the effect of
tourniquet blockade on the lower limb muscle
PO, in rabbits.

MATERIAL AND METHODS

Seventeen rabbits of both sexes, weight
3.0-3.9 kg, were used in this study. Anaesthesia
was induced with intravenous sodium pentobar-
bitone and maintained by continuous ether inhala-
tion. The skin of the left hind leg was incised, and
a loop of silastic tube, length 16 cm, outside
diameter 1.40 mm and inside diameter 0.9 mm
(Holter® Atrial Catheter J, A 190, Extracorporeal
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Medical Specialties Inc., Millis, Mass,, USA)
was implanted in the tibialis anterior muscle
(Figure 1). The implantation was made through a
wide-bore needle. The tube ends were left outside
the skin after closure and fixed with a silk ligature.
A length of 14 to 15cm remained inside the
muscle tissue. Three days later the rabbit was
again anaesthetized and muscle oxygen tension

Figure 1. The site of the silastic tube implantation
in the tibialis anterior muscle in a rabbit. X-ray
shows the contrast medium filled tube.
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was determined according to Niinikoski & Hunt
(1972). The silastic tonometer was perfused con-
tinuously with hypoxic saline, PO, 3 to 8 mmHg,
with a slow injection pump (Model 1100, Harvard
Apparatus Co. Inc, Millis, Mass, USA), and
tissue PO, was measured from the efflux in the
Radiometer gas monitor coupled with a Servogor*®
chart recorder (Goerz Electro GmbH, Vienna,
Austria). Oxygen impermeable nylon catheters
were used as connector tubes in the perfusion
system. The response of different durations of
tourniquet blockade was measured. Five rabbits
had 60-minute tourniquet ischaemia and in five
animals ischaemia lasted for 120 or 180 minutes,
respectively. The tourniquet ischaemia was
maintained by means of a 6 cm broad, Riva-Rocci-
type cuff around the upper part of the leg. The
cuff was inflated to 300 mmHg. In each animal
the response of the muscle oxygen tension to the
release of tourniquet and to breathing of pure
oxygen was also registered. In two cases the
tourniquet blockade lasted 30 minutes and
breathing of pure oxygen was continued
throughout the whole experiment.

RESULTS

The baseline PO, before the application of
the pneumatic tourniquet ranged between
18 and 26 mmHg (mean and SEM 22.6
+ 0.6 mmHg). Breathing of pure oxygen for
a period of 15 minutes increased the level
of intramuscular PO, to 90-130 mmHg.

During 60 minutes of tourniquet ischaemia
the intramuscular PO, declined from the
baseline value of 222+1.2mmHg to a
minimal value of 9.3+0.6 mmHg within
2024 minutes (Figure 2a). After release of the
tourniquet the PO, reached a stable value of
17.8 £ 0.8 mmHg in 5 to 10 minutes and then
remained unchanged during the following
30 minutes. When the PO, had been stabil-
ized, the rabbits were exposed to pure oxygen
through a head tent. This resulted in an
intramuscular PO, of 85-130 mmHg within
15 to 20 minutes.

During 120 minutes of tourniquet isch-
aemia the PO, declined from the baseline
value of 23.7+ 1.1 mmHg to a minimal value
of 10.7 + 0.6 mmHg within 22 to 28 minutes
(Figure 2b). In 5 to 10 minutes after release of
the tourniquet, the PO, reached a stable level
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of 19.5+ 0.8 mmHg. The intramuscular PO,
responded in all cases to oxygen breathing
with an increase to 80—120 mmHg.

During 180 minutes of tourniquet isch-
aemia the PO, declined from the baseline
value of 21.7+ 1.1 mmHg to a minimal value
of 9.2+0.5mmHg within 19-26 minutes
(Figure 2c). After releasing the tourniquet, the
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Figure 2. (a) Effect of 60-minute tourniquet
blockade on muscle PO,. (b) Effect of 120-minute

tourniquet blockade on muscle PO,. (c) Effect of
180-minute blockade on muscle PO,
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PO, reached a stable level of 17.0+ 0.5 mmHg
in 10-17 minutes. The response to pure
oxygen breathing was an increase of the
intramuscular PO, to 90—115 mmHg.

When pure oxygen breathing was con-
tinued throughout the experiment, a decline
of the PO, from 120 mmHg to 11 mmHg
was registered (Figure 3).
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Figure 3. Effect of pure oxygen breathing
continued throughout the experiment. A decline of
the PO, from 120mmHg to 11 mmHg was
registered.

DISCUSSION

The silastic tonometer method of measuring
tissue oxygen tension is already well es-
tablished and has showed its usefulness in
several studies. Niinikoski et al. (1972)
showed that the silastic tube induces a
minimal foreign body reaction.

Kivisaari & Niinikoski (1973) concluded
that one of the main problems involved in
measuring tissue gases by means of micro-
electrodes is the wide topographical variation
of the PO, readings that normally occurs
(Silver 1969). The advantage of the silastic
tonometer is that it measures the average
extracellular tissue PO, (Niinikoski & Hunt
1972).

In earlier investigations the silastic
tonometer has been used extensively in
several tissues, such as human subcutaneous
tissue (Niinikoski et al. 1972, Kivisaari &
Niinikoski 1973, Heppenstall et al. 1974),
human muscle {Cooke et al. 1974), intestinal
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wall and peritoneal cavity in animals (Inberg
et al. 1974, Klossner et al. 1974), canine lung
(Havia & Niinikoski 1976) and canine heart
(Havia & Niinikoski 1977).

The reported mean baseline PO, values
have varied in most tissues between 20 and
30 mmHg. In rabbit subcutaneous tissue PO,
varied between 20 and 25 mmHg (Niinikoski
& Hunt 1972). Canine myocardium PO,
ranged from as low as 8 to 40 mmHg with a
mean of 22 mmHg.

The baseline muscle PO, ranged in our
study from 18 to 26 mmHg. This is compat-
ible with the tissue oxygen tensions reported
in other studies.

In the present study, the application of
tourniquet always produced a decline in the
intramuscular oxygen tension. The minimal
value of 9-11mmHg was achieved in
19—-26 minutes and then remained constant
during the rest of the tourniquet time, but
never reached zero. In accordance with the
present findings, Niinikoski et al. (1972)
found it puzzling that a 20-minute occlusion
of limb circulation did not result in a PO, of
zero in human subcutaneous tissue. In the in-
vestigation of Kivisaari & Niinikoski (1975)
the intraosseous PO, fell abruptly after
circulatory arrest so that most of the decrease
occurred within 2 minutes, but also in this
case the PO, never reached zero. Further-
more, the release of circulation resulted
momentarily in a PO, slightly above the
normal level, probably due to reactive
hyperaemia (Niinikoski et al. 1972, Kivisaari
& Niinikoski 1975). In the present study, the
muscle PO, remained slightly under the
normal level after releasing the blockade.
However, after a few minutes of pure oxygen
breathing, the PO, increased sharply. This
indicates that the microcirculation even after
3 hours of tourniquet blockade was function-
ing well.

Continuous oxygen breathing during the
tourniquet experiment had no influence on
the decrease of the PO, and the minimal
value was compatible with the one achieved
with room air breathing. This has been in-
terpreted as total occlusion of the circulation
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caused by the tourniquet. The decline of PO,
and recovery after tourniquet release seemed
to be independent of tourniquet time.

It can be concluded that inducing a total
blockade of local circulation in an extremity
produces a profound fall of the muscle PO,,
but the tissue microclimate never reaches
fully anoxic conditions. The rapid response of
muscle PO, to oxygen breathing after release
of the blockade suggests that tissue oxygena-
tion is rapidly restored after tourniquet
release.
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