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an external pressure of 40 mm. Hg was
regularly observed to reduce blood flow con-
siderably, and in a proportion of subjects flow
was apparently reduced to zero.

In addition, studies with radioactive
sodium injected into the calf or forearm
muscle show that the clearance of this may
cease altogether in some subjects when a
splint is inflated around the limb to pressures
around 40 mm. Hg (see Fig.). These studies
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Blood flow in the calf of a normal subject under
a plastic splint enclosing the foot and leg from
above the knee. Splint inflation pressure is indi-
cated at the top of the Figure. Upper trace shows
the rate of clearance of radioactive sodium in-
jected into a portion of calf muscle (in arbitrary
units representing the slope of disappearance of
the isotope). Note that a horizontal slope indi-
cates that there is no clearance. Lower trace
shows blood flow in ml./100 ml./min. as
measured simultaneously with a mercury-in-

rubber strain gauge around the calf.

are being carried out with Professor D. N.
Walder, Department of Surgery, University
of Newcastle upon Tyne. Non-clearance of
radioactive sodium from an area of muscle
can only mean that there is no blood flow
through that area of muscle, and this obser-
vation thus supports the other evidence that
inflation of a splint can on occasion stop the
blood flow, at least through muscle.
Thus at least five different methods for

assessing blood flow have given results in
similar circumstances. All these methods, as
Dr. Gardner points out, are indirect, for there
is no direct method for measuring blood flow
through small vessels, such as arterioles, in
intact human limbs subjected to external
pressures. But there is direct evidence from
microscopic examination of intact mam-
malian vessels that small vessels can and do
suddenly close down when arterial transmural
pressure is lowered.5 A theoretical reason
for this has been discussed by Burton,6 and
the presence of a flow cessation pressure in
vascular beds,7 whatever the mechanism by
which it is caused, is generally accepted
among circulatory physiologists.

Apparently conflicting evidence was re-
ported by Dr. Gardner,8 who found that in
dogs with splints inflated around the fore-
limb the injection of 10 ml. of a radio-opaque
medium into the subclavian artery is followed
by visualization of the medium in the
brachial artery and subsequently in the veins.
He did not state, however, the pressure at
which the radio-opaque material was injected.
Yet this must have been above the systolic
blood pressure, and the injection must there-
fore temporarily have raised the transmural
arterial pressure. This would have the same

effect as temporarily lowering the splint pres-
sure and would allow an opening up of small
vessels that were previously closed. There-
fore his findings cannot be accepted as show-
ing that under normal circumstances an ap-
preciable blood flow continues through small
vessels under an inflated splint. The main
arteries are known to remain open, as evi-
denced by the fact that arterial pulsation in
the part under the splint is undiminished, and
it may be that a trickle of blood, confined
to bone or interosseous vessels protected
from receiving the full splint pressure,
persists.

For similar reasons, the experiments of
Drs. Spooner, Come, and Stephens cannot be
considered relevant to the usual situation
under a splint, for in assessing blood flow
they used a congesting cuff pressure greater
than diastolic pressure. As noted by Green-
field9 " too high a pressure in the collecting
cuff may cause it to act as a valve, preventing
diastolic reflux, and artificially elevating the
mean arterial pressure downstream." Dia-
stolic reflux of blood occurs in a variety of
conditions" " and almost certainly occurs in
the present case.2
The important practical question, of

course, is not whether the blood flow can
cease absolutely under a splint but whether a
considerable reduction in blood flow might be
harmful. Even apart from the evidence
already referred to, most observers who have
seen the blanched skin under a plastic splint,
and the reactive hyperaemia on its removal,
agree that the blood flow is at least reduced.
My purpose in publishing my results was to
warn users of such splints of their possible
effect on the circulation. They may not have
harmed the normal dogs referred to in Dr.
Gardner's letter, but can one be sure, for
example, that severe reduction in blood flow
does not delay the healing of fractures ? Can
one be certain that a tightly inflated splint
will not precipitate gangrene in a diabetic
with an already impaired peripheral circula-
tion ?

Proper precautions, however, need not de-
tract from the general usefulness of the
splint. In some circumstances the reduction
in blood flow resulting from splint inflation
may be useful per se, for instance in con-
trolling haemorrhage.1' Dr. Welply (4 Feb-
ruary, p. 297) also suggests that a reduction
in blood flow might sometimes be desirable.
Nevertheless, I would maintain that until
further information is forthcoming it would
be prudent to ensure that splints of the
present design are not inflated to pressures
exceeding 30 mm. Hg.-I am, etc.,
Department of HEATHER ASHTON.

Pharmacology,
The Medical School,

Newcastle upon Tyne 1.
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Frozen Sections
SIR,-Your leading article "Frozen

Section in Surgery" (18 March, p. 651)
prompts us to remind you of our previous
letter to you.' We do not agree that frozen
section " remains unchallenged in the rapid
diagnosis of lesions before their treatment by
surgical means." As reported previously,
drill biopsy2 3 performed as an outpatient
procedure provided a correct diagnosis in
96% of patients with lumps in the breast,
and a report of the histology on a paraffin
section could be obtained within 24 hours.
The advantage of having a histological report
in this way is that it enables the surgeon
to plan the subsequent treatment with the
patient's full knowledge and co-operation.
In our experience drill biopsy causes little
trauma to the breast and opens up fewer
venous and lymphatic channels than does an
open biopsy.-We are, etc.,

T. J. DEELEY.
IAN BURN.

Hammersmith Hospital
and Royal Postgraduate
Medical School,

London W.12.
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Colistin in Purulent Bronchial Infections
SIR,-I read the article of Dr. A. Pines

and his colleagues (27 May, p. 543) with
interest. I cannot agree, however, that
colistin has no place in the treatment of
purulent exacerbations of chronic bronchitis.
At least 50% of the patients treated with
colistin' by inhalation at this hospital were
chronic bronchitics, with acute purulent
exacerbations of their condition.

Since the winter of 1965-6 Pseudomonas
pyocyanea infections have ceased to be a
problem in this hospital-I am, etc.,

Queen Mary's Hospital, N. P. HALLIDAY.
Sidcup, Kent.

REFERENCE
Halliday, N. P., Clin. Trials 7., 1967, in press,

Crush Injuries of the Chest

SIR,-We would like to reply to some of
the points raised by Dr. J. M. Leigh in his
letter (6 May, p. 374). Apart from the early
cases in our series, we have measured Pao2
(or Sao2) in all our patients, and the results
obtained were invariably low when the
patients were breathing air.

Referring to those patients who have a low
Pao2 and a low Pco2, Dr. Leigh says, " Any
beneficial effects of intermittent positive pres-
sure respiration (I.P.P.V.) in such a patient
are due to a lowering of V02 as a result of
the abolition of respiratory effort and seda-
tion produced by the drugs given, and also
the alleviation, to a certain extent, of atelec-
tasis by the positive pressure." From the
point of view of blood gas results this is
largely true, although reduction of any pul-
monary oedema or congestion present will
also raise the Pao2.

However, we feel that the benefits of
I.P.P.V. extend beyond the correction of
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