
488 BRITISH MEDICAL JOURNAL VOLUME 290 16 FEBRUARY 1985

since it delays conduction through the normal tissues only; in
such a case amiodarone would be appropriate. In atrial fibril-
lation associated with hyperthyroidism digitalis may be in-
effective and a f blocker preferred. And with little evidence
that digitalis is of value in preventing attacks of paroxysmal
atrial fibrillation quinidine would be first choice.

Secondly, in ventricular arrhythmias the choice is from a
larger range of drugs of broadly similar efficacy. In acute
ventricular tachyarrhythmias lignocaine is still widely pre-
ferred as first choice, with intravenous amiodarone being
given if lignocaine fails. Refractory arrhythmias may require
other drug treatment: it would make sense, in the absence of
other guidance, to substitute a drug of class Ia (for example,
procainamide) and then one of class Ic (for example,
flecainide). For chronic ventricular arrhythmias a drug of
class Ia would be first choice. Amiodarone, while highly
effective' and fashionable, has long term adverse effects
which are frequent and may be serious,9 and its future use
seems likely to be only short term, except in selected cases
where the benefit is thought to outweigh the long term risks.
Of other established drugs, such as mexiletine, none has any
clear cut advantages, and it is too soon to say whether
tocainide and the class Ic drugs such as flecainide will prove
to be any better.'0
The precise choice of drug in cases such as these may

be further influenced by contraindications (anticipated
adverse effects or interactions)-for example, disopyramide
and quinidine (because of their anticholinergic actions)
in patients with glaucoma or prostatism; drugs of class Ia in
patients with cardiac failure or heart block (which they will
tend to exacerbate); and combinations of drugs which
prolong the Q-Tc interval (drugs of class Ia and amiodarone,
because of the risk of ventricular tachyarrhythmias,
particularly torsade de pointes").

Further guidance may be given by the technique of in-
ducing a patient's arrhythmia (for example, by rapid pacing
or by delivering precisely timed stimuli during the cardiac
cycle) and then observing its response to selected drugs. The
responsiveness to class I drugs in these controlled circum-
stances has been claimed to be a good predictor of the sub-
sequent responsiveness during long term treatment for both
ventricular and supraventricular tachyarrhythmias,'2 and in
some series this method has predicted effective treatment in
over 70% of patients,'3 '4 though in the case of amiodarone its
value is controversial.' There are, however, disadvantages:
the technique requires special skill and is not universally
available; only a few drugs can be studied at a time; the
induced arrhythmia may not prove to be the same as that
requiring treatment; and the induction of arrhythmias may
be hazardous (in one series just over half of patients required
DC cardioversion to terminate the induced arrhythmia,
though none died'3). Finally, the successful long term
suppression of arrhythmias will depend on the achievement
of similar plasma concentrations to those effective during the
short term study. Because of these problems this technique is
likely to be used only in selected patients in skilled centres.

Despite large advances in our understanding of the patho-
genesis of cardiac arrhythmias 16 and of the pharmacological
effects of antiarrhythmic drugs3 1' drug treatment of cardiac
arrhythmias remains, if not entirely unsatisfactory, far short
of ideal. In most studies a single drug has been given, often to
patients thought (though not always proved) to be resistant to
other treatment, and has been shown to be effective in a
variable proportion of cases. In fewer instances controlled
comparisons have been made of two drugs, and even then it
has been difficult to determine any features (relating to the

patient or his disease) which would lead to a rational prefer-
ence of one drug to another. Until such information is avail-
able we shall continue to depend mostly on empiricism and
the avoidance of adverse effects and interactions.
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Containing the use of diagnostic
tests
In the past 25 years requests received in diagnostic depart-
ments have risen by about 10% a year while inpatient
admissions and outpatient attendances have increased by less
than 2% yearly.'` Much of this inflation is due not to the
introduction of new tests but to a greater demand for well
established procedures. In the Public Health Laboratory
Service, for example, 1-5 million urine specimens were
received for culture in 1979 compared with only 0 5 million
11 years earlier.' Reporting on the substantial increase in the
use of diagnostic services during the 1960s, Ashley et al
commented that "demand cannot continue indefinitely at the
present rate,"4 but more than a decade later demand is still
increasing, with diagnostic departments now accounting for
over 9% of the costs of acute hospital services.

Are the current levels of testing justified? We are not sure.
Making diagnoses is at the nub of clinical practice, but
research on diagnostic tests has concentrated more on issues
such as the precision of results obtained in the laboratory and
the comparative accuracy of one test against another than on
determining which patients benefit from which tests. Results
of the few studies which have evaluated the use of diagnostic
tests in the NHS suggest that unnecessary investigation is
commonplace.49 After a series of multicentre studies of radio-
logical procedures the Royal College of Radiologists has
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formulated clinical guidelines for their use which, if imple-
mented, would give substantial savings.' Surveys in out-
patient clinics67 and of emergency admissions to medical
wards"' have shown that fewer than 10% of investigations
produced results considered to be important in clinical
management.
What is the explanation for this tendency among doctors to

perform too many tests? Occupational rituals and attitudes
within the profession undoubtedly contribute. Doctors,
especially junior staff, may perceive the results of diagnostic
tests as more "scientific" (and hence credible) and less prone
to error than evidence from a history and physical examina-
tion. Often house officers make requests to avoid the rebuke
of consultants when a test is omitted; by contrast consultants
rarely complain about unnecessary investigations. Certain
patterns of requesting become the norm with pressure on
house officers to be complete instead of performing discrimi-
natory tests geared to the needs of each patient. Further-
more, a patient's attendance at hospital is usually seen as an
opportunity to apply a battery of screening tests, many of
which are of doubtful value.
What might be done to reduce overinvestigation and

encourage a more discriminating use of diagnostic tests?
More research is not the only answer-indeed, it might allow
another 10 years of rapid growth. We also need to consider
strategies for reducing tests which can be applied now. Such
strategies may be grouped under four main headings: feed-
back of information; financial incentives; decision aids; and
control by diagnostic departments.

Providing doctors with statistics on the numbers and costs
of tests requested by themselves and clinical colleagues is
unlikely to have a large effect."' When combined with
education on the appropriate use of tests, statistical feedback
may be successful, but doctors may become immune to the
statistics with the result that testing returns to preinterven-
tion levels.' Regular review of medical records by con-
sultants and junior staff may be a more effective method of
modifying clinical practice than the feedback of statistics. In
a controlled trial in a teaching hospital in Boston a group of
medical residents participating in a weekly chart review
ordered 47% fewer laboratory tests during the year of the
study.'6 Even when the strategy was withdrawn use con-
tinued at a lower level than in the control group. This sus-
tained effect was attributed to repeated exposure of junior
staff to information about the efficient use of tests-and to
the attitudes of senior doctors participating in the chart
reviews.

Financial incentives were also examined in this controlled
trial.' A group of residents received a reward according to
the size of their reduction in use of tests, but they were less
successful in achieving economies than the chart review
group. Indeed, for some doctors the incentive appeared to
cause considerable conflict; for others, a reward in the form
of a medical book token may not have been much of an
incentive. In the NHS personal rewards to reduce clinical
activity may not be acceptable, but financial incentives in the
form of money available to spend on medical equipment and
other clinical facilities might be provided within the frame-
work of clinical budgeting. In one of the earliest trials of
clinical budgeting, conducted in the Westminster Hospital,
wards allocated budgets and permitted to redeploy financial
savings reduced their use of several diagnostic services-for
example, in one ward the costs of bacteriological tests fell by
56% and in another those of immunological tests fell by
67%.t4

If the appropriate use of tests can be stated in the form of

guidelines or specific protocols (such as clinical algorithms)
these can be applied as decision aids at the point of request. A
simple form of decision aid is a notice displayed prominently
in locations where request forms are completed. Alterna-
tively, forms may be restructured to "guide and teach" the
clinician when ordering tests.'5 Restructuring may affect use,
however, simply because of a change in the size and com-
plexity of the form: those with check lists are administratively
efficient but encourage overuse, while those requiring hand-
written details (including justification for the request) inhibit
use.'9 Potentially computer based information systems can
influence the ordering of tests. In one Birmingham hospital
house officers enter patients' problems into a computer,
which then prints out, according to a predetermined proto-
col, recommendations for clinical management. This has led
to a modest decrease in use of unnecessary tests and labora-
tory costs. 6

Diagnostic departments may also take steps to ensure
appropriate use. If protocols have been agreed with clinical
consultants and a request is received which does not adhere
to a protocol the department can contact the requesting
clinician for an explanation. This process has been shown to
reduce substantially requests for preoperative cross match-
ing and the use of blood during surgery.'7 Alternatively, in
some circumstances the department may follow a protocol
irrespective of the request made by a clinician. For example,
in investigating patients with thyroid disease some clinical
chemistry laboratories perform only a staged and sequential
series of tests-a strategy which has led to a reduction in use
of tests in hospitals in British Columbia.'8 If acceptable to
clinicians, diagnostic departments may also limit the number
of tests performed on each patient (except in an emergency).
Restricting patients in one hospital in the United States to a
maximum of eight haematological and clinical chemistry
tests daily resulted in a two thirds reduction in their use.'9
Given this myriad of possible interventions, what might

consultants do to reduce investigations? Unfortunately, few
comparative intervention studies have been carried out in
Britain; we await the results of those in progress. For the
consultant who wants to get on and do something now with
minimal administrative fuss the weekly chart review with
junior staff is probably the best approach. Reducing the use
of diagnostic tests throughout a hospital will require the
development of guidelines or-protocols approved by appro-
priate divisions and medical executive committees. Imple-
menting and sustaining reductions in use until they become
the norm may require multiple interventions, probably best
controlled by a small review committee of representatives
from each division. The most effective way in the long term,
however, of encouraging the efficient use of diagnostic tests is
to give doctors more responsibility for the management
of clinical resources within the NHS. If savings can be
redeployed wisely clinical budgeting must surely provide the
key.
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Electromagnetic induction of
bone?
Pulsed electromagnetic treatment of ununited fractures has
been employed in over 11 000 patients world wide (A A J
Goldberg et al, Bioelectrical Repair and Growth Society,
second annual meeting, 1982), but the clinical value of this
technique remains open to question. It has a long history. In
1853 a report appeared in the United States Medical Times and
Gazette describing the successful use of electrical treatment
for an ununited fracture, but this was largely ignored in
conventional medical circles and dismissed as yet another
example of nineteenth century quackery.' Over 100 years
later reports began to appear suggesting that the effects of
electrical activity on bone formation required further study.2
The body and its individual cells are constantly subjected

to electromagnetic forces-partly endogenous, from, for
instance, the myocardium; and partly external forces, such as
the earth's magnetic field and high tension cables. Bone itself
develops electrical charge under varying load conditions.
Attempting to bend a long bone causes a build up of positive
charge on the convex or tensile surface and a transient
negative charge on the compressed or concave surface.3
Wolff's law states that bone subjected to compression
becomes stronger, and it has been widely suggested that
electrical phenomena underlie the physiology of adaptive
remodelling, though the direct evidence for this is scant.4
The formation ofnew bone has been found with the use of

tetracycline labelling, close to areas where a steady electrical
negative charge is maintained5; and studies of rabbit fibulas
showed formation of bone near the negative electrode when a
current of between 5 and 20 [tA was passed across a fracture.6
When this current was increased to 100 [tA necrosis of
the tissue was observed, particularly close to the positive
electrode.7 One criticism of research using implanted
electrodes is that an invasive procedure might itself stimulate
new bone formation. It has also been argued that "ions" may
leak from the electrodes and polarisation occur, producing
electrolytic biproducts.8 Electromagnetic induction using
two external electrodes, electrically insulated from the
patient, was employed to overcome these criticisms; with
chick tibia as the model, chondrogenesis was found to be
inhibited and calcification stimulated.9
Numerous explanations were produced for the observed

effects in rabbit fibula, chick tibia, and the metatarsal of the
weanling mouse. Depletion of oxygen near the negative
electrode, increased pH due to the production of hydroxyl

radicals, or increased cyclic adenosine monophosphate con-
centrations in intact tissues were reported,'0 though this last
has been disputed." At times these hypotheses were accepted
as proved theories, and on the basis of 14 uncontrolled
clinical trials on 595 patients with a wide variety of conditions
claims were made that electromagnetic treatment resulted in
"50% faster healing," "increased bone growth," "more
stability at two weeks," and "30% less time to stability.""
Success rates claimed for electrical treatment of ununited
fractures ranged from 72-5%1' and 92-50/O14 using direct
current with implanted electrodes to 80% using pulsed
electromagnetic fields. A success rate of 93% was reported
when this treatment was combined with bone grafting.16
When failure did occur it was thought to result from "in-
adequate electricity, synovial pseudoarthrosis or infection,
or dislodgement of the electrodes." Each series emphasised
the importance of "proper cast immobilisation using a non-
weight bearing plaster,"'0 but only one author went so far as
to state that, "mechanical fixation and bone grafting proved
more critical for successful union than did the electrical
stimulation," and he continued, "electrical stimulation does
not compensate for inadequate fracture fixation. " 7
These clinical studies have highlighted three topics of

uncertainty. The first is the definition of "non-union" of a
fracture. That "non-union exists when the surgeon considers
that the fractures will not heal without surgical intervention"
is clearly open to question,'8 but so also is the definition of
''no progressive healing over a three month period"'3 when
oblique radiographs have not been taken.'4 A tenth of the
fractures which Connolly considered initially to be ununited
healed spontaneously without further treatment. 17 He argued
that pain, mobility of the fracture on fluoroscopy, intra-
osseous phlebography,'920 and bone scintigraphy2" were
important in deciding which patients to include in the study.
The mere radiological persistence of a fracture line does not
invariably indicate non-union.
The second difficulty has arisen through the use of histori-

cal controls. By definition, an ununited fracture should
remain ununited, unless modified by, for instance, the intro-
duction of bone graft. Grafting procedures are reported to
produce a union rate of between 85% and 98% at the first
attempt, dependent on the severity and site of the non-
union and the grafting technique.23 This figure falls to 66%
with the second grafting and 64% at the third attempt.24 But
without grafting 12-5% of fractures of the tibial shaft of 12
months' duration still unite with conservative management
alone.25 In a series of 804 fractures of the shaft of the femur
and tibia treated with prolonged immobilisation Watson-
Jones reported no case of non-union."6 Many of these
fractures were multiple, comminuted, contaminated, or
heavily infected.

Thirdly, the criterion for "success" is the development of
a "sound bony union." This end point is by no means always
clear, particularly in patients who have had previous surgery
with grafting and considerable scarring and distortion of the
bone. For "success" to be achieved with electrical treatment
several strict conditions must be met. A "cooperative
patient" is required to change the anode pad every other day
when direct current is used to avoid skin irritation. A plaster
of Paris cast is applied "to protect the electrodes," and
"non-weight bearing is essential." If weight bearing
occurred, "the true effect of the applied constant direct
current is not realised . .. and irritation may develop around
the cathodes or the cathodes may break." 14 Of necessity the
patient's activity is reduced by having to plug in the machine
or carry around an electricity supply. Frequent visits to the
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