

















10 UNSATISFACTORY RESULTS IN HAND SURGERY

and pneumatic tourniquet inflation may result in
up to a 20% reduction in limb volume.

OCCLUSION TIME AND PRESSURE

There is a wide variety of opinion with regard to
the optimum inflation pressure in the upper and
lower extremities. It has been traditional for
manufacturers of tourniquets in North America to
recommend a pressure of 300 mmHg for the arm
and 500 mmHg for the leg (Instruction Manual
for Kidde Pneumatic Tourniquet (Model 400)).
These figures and similar figures suggested in the
literature and by tourniquet manufacturers appear
to be entirely arbitrary and have no scientific basis.
They presumably arose historically as ‘safe’ pres-
sures necessary to assure a supersystolic pressure
on the limb while at the same time compensating
for typical errors in the tourniquet regulators,
gauges and cuffs (McEwen 1981, McEwen &
McGraw 1982, Sanders 1973). It has been shown
that the slowing in conduction velocity and tme
' required for it to return to normal after release of
the tourniquet varies directly with the amount and
duradon of the pressure applied (Rorabeck 1980).
Sanders has recommended that the tourniquet
pressure for upper limbs ideally should be only
70 mmHg above systolic pressure (Sanders 1973).
Klenerman & Hulands advise that the occlusive
pressure for the lower limbs be estimated by
doubling the systolic pressure taken in the arm,
thereby providing the lowest effective occlusive
pressure and allowing for fluctuation in blood
pressure which might occur during the course of a
normal operation provided the patient is normo-
tensive and does not have a grossly hypertrophied
or obese limb (Klenerman & Hulands 1979). These
recommendations for the upper a;pd lower extrem-
ity are considered safe and practical.

Most reports in the literature recommend that
the period of time of tourniquet application should
not exceed 90-120 minutes (Bruner 1970, Flart
1972, Wilgis 1972) although some authors fee! that
up to 3 hours of tourniquet application is safe
(Klenerman 1980, Parkes 1973). For practical
purposes a duration of a 150 minutes in normal
individuals should not be exceeded if possible.

CONCLUSION

A number of possible tourniquet-related compli-
cations have been reported in the literature. The
two most frequent problems of concern are
tourniquet paralysis (or paresis) and intraoperative
bleeding. Regardless of whether a potental tour-
niquet-related complication is considered to be
major or minor when it is identified, each such
incident should be investigated promptly and
thoroughly by appropriately qualified staff, in
order to minimise both the probability of similar
incidents in furure and potential legal liability. To
assist in the thorough and consistent investigation
of such incidents, the questionnaire shown in
Table 2.2 has been developed. In emiploying the
questionnaire to investigate a potential incident
involving a tourniquet, the surgeon and any
assisting nurse or technologist who might have
been involved in the operation of the tourniquet
should attempt to answer the clinical questions
which are posed in Table 2.2. An experienced
biomedical engineer or similarly qualified individ-
ual should attempt to respond to the technical
questions posed. The authors have found that a
thorough review of the responses to the set of
questions posed in Table 2.2, in conjunction with
a review of the literature on reported tourniquet-
related complications which was cited earlier in
this chapter, is of significant value in the satisfac-
tory and prompt resoludon of such incidents. A
brief elaboration of the content of Table 2.2 for the
two most frequent problems of concern, tourniquet
paralysis (or paresis), and intraoperative bleeding,
is given below.

Tourniquet paralysis

In the event of postoperative tourniquet paralysis
or paresis there is no definite treatment unless
there is a co-existent compartment syndrome.
Therefore the principal concern is one of preven-
tion. Accordingly, a tourniquet incident such as
postoperative weakness with sensory change must
be promptly investigated. As suggested by Table
2.2, one should quickly ascertain that this is indeed
an isolated event and not one incident of a yet
unrecognised series related to faulty equipment or
procedural errors. The time and pressure values



THE TOURNIQUET

Table 2.2 Questionnaire for use in the event of possible tourniquet-related complications

A. Evem

L

B,

1.

What was the nature of the complication?

—What extremity 2

—Paralysis or paresthesia, intraoperative bleeding, soft-tissue i m)ury, or other?
—If bleeding was observed, was the blood dark in colour?

Was more than one patient involved ?

—If so, over what period of time did the cases occur?

—If so, did the complication secem associated with a particular anesthetic technique ?

—If not, how many patients had been treated previously with the same complete tourniquet
system?

Approximately how many minutes after cuff inflation was the complication first observed ?

—If the complication was not observed during the procedure what was the total duration of
tourniquet applicadon ?

What was the status of the patient? .
—Did the patient have any pertinent abnormal conditions (e.g. atrophied or hypertrophied
limbs, calcified blood vessels, steroid treatment, hypertension)?
—What were the imb circumferences at the proximal and distal cuff edges?
—Whart was the patient’s systolic pressure throughout the procedure ?
—If bleeding was observed, was the patient’s systolic pressure recorded at the time?
~—If a paralysis or paresthesia was observed, was a post-op EMG study done to identify and
localise any possible lesion ? Results ?
Eqdpment
What touquuet sym was used?.
—Cuff: manufacturer, model number, length, width, dual or single bladder?
—Connector and tubing : type and length?
—Was 2 non-standard coannector or adapter employed to match the cuff connector to the
tubing or pressure controller ?
—Tourniquet pressure controller : manufacturer, model, serial number?
—What was the configuration of equipment (sketch)?
—Was a dual-cuff switch employed in a Bier’s block mode ?
What safety and performance-assurance testing of the equipment was performed ?
—-At what time prior to the incident were specific, documented tests last performed on each
element of the system involved (cuff, tubing and controller)?
~—What standards were employed?
—What written test procedures were followed ?
—What were the qualifications and experience of whoever performed these tests?
—At what time following the incident were each of the above-noted elements of the
tourniquet system again tested ?
Standards? Procedures?
Who did the testing ? Documented results? Abnormal results?

Procedure
‘What application procedures were followed ?
—Who applied the cuff to the patient 2
—What was the experience of the applicator with that specific cuff?
—How tightly was the cuff applied ?
—Wasasoftbandagea_ppliqylbenwhthecuﬂ?
—Was a tape seal employed at the distal edge?
—How was the limb exsanguinated ?
—If it was exsanguinated by elevation, how long was the limb elevated? At what angle?
—If it was exsanguinated by rubber bandage, how tightly was the bandage wrapped ? By
whom? Experience?
—What pressure settings were used ?
‘What was the nature and extent of training of each of the staff who were involved in the
testing and operation of the tourniquet system?
—<¢.g-, Was training received by review of labellmg and operadng instructions, operating
manual, audio-visual aids, vendor’s presentation, institutional seminars, etc?
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12 UNSATISFACTORY RESULTS IN HAND SURGERY

associated with the incident must be reviewed and
compared to the acknowledged safe ranges. If the
values of these parameters were recorded with
acceptable accuracy and frequency, and if com-
monly accepted limits were not exceeded, the
possibilities of faulty equipment, cuff-related prob-
lems or procedural errors must be considered.
Table 2.2 offers guidance in this regard. For
example, when any of the older mechanical types
of tourniquet systems are used, the pressure gauge
and the pressure regulator should be tested fre-
quenty to identify errors and possible malfunc-
tions; a structured investigation will help
determine whether the device met standards and
whether pre-incident tests were adequately per-
formed. Inaccurate pressure gauges and defective
pressure regulators permitting excessive hysteresis
were common causes of tourniquet injury in the
past. In contrast, inaccurate pressure indicators
and defective pressure regulators are much less
likely to occur in digital tourniquet systems, and
are much less likely to exist undetected by the
operator when they do occur in such systems.
Again, this can be confirmed by structured inves-
tigadions of all pertinent incidents.

Intraoperative bleeding

Intraoperative bleeding in the presence of a
pneumatic tourniquet is an annoying occurrence
which unnecessarily delays the procedure. With
rare exception, it is, of course, preventable. If
bleeding occurs it is usually wise to stop the
procedure, deflate the tourniquet and evaluate a
number of factors prior to re-exsanguination and
re-inflation: 1. the patient’s systolic blood pressure
should be re-assessed in relation to the patient’s
limb circumference and cuff size, and the tourni-
quet pressure selected accordingly; 2. if the
patient’s limb is hypertrophiedyor if the possibility
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