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Abstract
Objective—To determine the eYcacy and
safety of trained cardiac technicians inde-
pendently performing treadmill exercise
stress tests as part of the assessment of
patients with suspected angina pectoris.
Design—Retrospective comparison of 250
exercise tests performed by cardiac tech-
nicians and 225 tests performed by experi-
enced cardiology clinical assistants
(general practitioners who perform regu-
lar NHS cardiology duties), and consul-
tant cardiologists over the same time
period.
Setting—Regional cardiac centre with a
dedicated cardiac chest pain clinic.
Patients—All patients were referred by
their general practitioners with a history
of recent onset of chest pain, which was
suspected to be angina pectoris.
Outcome measures—Peak workload ach-
ieved, symptoms, indications for termina-
tion, complications.
Results—The diagnostic yield of techni-
cian supervised tests (percentage positive
or negative) was similar to that of medi-
cally supervised tests (76% v 69%, NS).
The average peak workload achieved by
patients was less by 1.2 mets (p < 0.005).
This was probably due to more tests being
terminated earlier due to chest pain and
ST segment depression in the technician
group compared with doctors (10% and
16% v 5% and 11% respectively, p = 0.06
and 0.07). One patient in the technician
supervised group developed a supraven-
tricular tachycardia during the recovery
phase of the exercise test.
Conclusions—Technician supervised
stress testing is associated with a high
diagnostic rate and low complication rate
in patients with suspected ischaemic heart
disease. Its eYcacy is comparable to tests
supervised by experienced doctors and its
use should be encouraged.
(Heart 1998;79:613–615)
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Angina pectoris is a common symptom with an
estimated incidence for the United Kingdom of
approximately 22 000 new cases per year.1 The
majority of new cases present to general practi-
tioners who subsequently refer up to 25% to a
hospital physician.2 It has been shown that new
patients presenting with angina in the commu-
nity do not have a benign prognosis; there is
evidence that both men and women have a

threefold increased risk of developing unstable
angina, myocardial infarction, or death within
two years of first presentation.3 The 1993
recommendation of the Royal College of
Physicians and the British Cardiac Society is
that newly diagnosed cases of angina in
patients under 70 years of age should have car-
diological referral and, if appropriate, exercise
stress testing. This would involve an estimated
3000 exercise tests per million population per
year.4 At present, exercise tests are mainly
supervised by junior doctors with varying levels
of cardiological experience, which may not be
appropriate for this service commitment. In
addition, the eVect of the Calman changes on
cardiology training and the Royal College of
Physicians core training syllabus for general
medical senior house oYcer training would
decrease junior doctors’ availability for super-
vising exercise stress testing. One way of meet-
ing the increased demand is by the routine use
of technician supervised exercise stress testing
in low risk populations. This can be performed
in accordance with the 1993 guidelines of the
Medical Practice Committee and Council of
the British Cardiac Society.5 We evaluated our
experience with this form of stress testing
supervision as an aid to rapid patient diagnosis
and management in a cardiac chest pain clinic.
The eYcacy and complication rates were com-
pared with those of exercise tests performed by
cardiology clinical assistants and consultant
cardiologists.

Methods
PATIENT POPULATION

The study population comprised 250 patients
who were referred by their general practitioner
with a new diagnosis of possible angina
pectoris. There was no previous history of
ischaemic heart disease, and patients were
clinically assessed by a cardiology registrar
before exercise testing to ensure that angina
was the possible diagnosis and that the patient
was suitable for exercise testing using a
treadmill. All patients with proven ischaemic
heart disease, unstable symptoms, or other ill-
nesses were excluded. A detailed request form
was completed and signed by the cardiology
registrar before the technician performed the
test. This provided information about the type
of treadmill test required, the resting ECG and
blood pressure, and cardiac drugs. It also con-
firmed that the patient was examined and that
there were no features of aortic stenosis, acute
myocardial infarction, or other contraindica-
tions. The results of 205 patients exercised by
clinical assistants and 20 by consultant cardi-
ologists were analysed for comparison.
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PROTOCOL

Technician only tests were performed by three
technicians who were of senior grade (medical
technical oYcer 3 or above) and were trained in
basic resuscitation and advanced cardiac life
support. They had each been performing
medically supervised exercise stress testing for
an average of 15 years and had attended meet-
ings on cardiac stress testing, including those
organised by the Society of Cardiological
Technicians. Technicians were supervised by
local cardiology consultants and experienced
physicians for approximately 50 tests before
going solo. Patients were supervised by one of
the three technicians for each test, with another
technician trained in basic life support also
present. Two experienced clinical assistants
and three consultant cardiologists performed
medically supervised tests. A cardiac techni-
cian assisted all medical personnel.
All exercise tests were performed in a

dedicated exercise room in close proximity to
the cardiac ward. There was a cardiac arrest
call alarm and standard resuscitation equip-
ment.
In our unit all patients give written consent

before exercise stress testing. Patient consent
was obtained by the technician, who was also
responsible for blood pressure measurements
and terminating the test. Before starting the
test the technician also completed a pre-
exercise checklist. This consisted of confirma-
tion that all necessary checks have been
performed (for example, notes present, blood
pressure satisfactory, request form fully com-
pleted and signed, no new ECG changes) and
that all items on the resuscitation trolley and
safety equipment had been checked before the
session. At the end of the test the patient
returned to the outpatient department with the
technician’s report on the exercise test and a
final consultation with the referring doctor.

END POINTS

The results from the tests performed by
technicians were compared retrospectively
with tests performed by the clinical assistants
and consultant cardiologists over the same
period. Only exercise tests performed by
doctors for a similar indication (diagnosis of
chest pain presumed to be angina pectoris)
were included in the analysis. End points ana-
lysed were the type and duration of the exercise

test, peak patient workload achieved, symp-
toms experienced, and indications for termina-
tion of the test. A test was regarded as positive
if the ST segment response was horizontal or
showed a down sloping depression of more
than 0.1 mV at 80 ms after the J point. A nega-
tive test was recorded if the pulse and blood
pressure responses were normal and no ECG
morphological or rhythm changes were
present, despite attaining 80% of the target
heart rate. Tests not fitting either criterion were
regarded as inconclusive.

STATISTICAL ANALYSIS

All data are expressed as mean (SD). Statistical
significance was assessed by the unpaired Stu-
dent’s t test for continuous variables and the ÷2

test for categorical variables; p < 0.05 was con-
sidered significant.

Results
Technicians supervise approximately 53% of
all exercise tests performed on patients referred
with suspected angina pectoris. However, they
exercise all patients who attend the chest pain
clinic and who require an exercise test. The age
and sex distribution of both patient groups
were similar (table 1). Of the 250 tests
performed by three technicians, a diagnostic
result (positive or negative) was obtained in
76%. One patient developed a supraventricular
tachycardia during the recovery phase. Doctors
achieved similar diagnostic results (69%, NS).
The average workload for patients exercised by
technicians was lower than patients exercised
by doctors (7.2 (3.5) mets v 8.4 (3.6) mets,
p < 0.005). Tests were terminated in both
groups in 24% of patients who achieved their
maximum predicted heart rate, while the indi-
cation for termination was shortness of breath
in 17% of technician only tests compared with
20% in the medically supervised group. A
higher percentage of patients was stopped
because of chest pain and the development of
ST segment depression in the technician group
(10% and 17% respectively) compared to the
physician group (5% and 10% respectively;
p = 0.06 and 0.07).

Discussion
It is still the practice in most district general
hospitals and cardiac units for exercise tests to
be supervised in general by senior house oYc-
ers with little cardiological experience. Our
results show that appropriately trained cardiac
technicians can supervise low risk tests and
obtain results similar to experienced medical
personnel. There are no definitive answers on
which grade of technician is appropriate. The
BCS guidelines (a fully trained technician of
senior grade) have been interpreted by the
Society of Cardiological Technicians6 as being
an MTO 3 and above. Our NHS trust has
indemnified named technicians against any
liability that may arise from technician only
stress testing performed in accordance with the
guidelines described and in-house protocols.
The role of the assistant to the trained techni-
cian is to help in physically moving a patient if
this becomes necessary.

Table 1 Clinical details of the patients

Technician
only

Medically
supervised p value

Number of patients 250 225
Male/female (%) 56/44 52/48
Mean (SD) age (years) 56 (10) 56 (10)
Mean (SD) work load (mets) 7.2 (3.5) 8.4 (3.6) <0.005

Indications for termination
Maximum heart rate 60 (24%) 56 (25%) NS
Shortness of breath 42 (17%) 45 (20%) NS
Chest pain 25 (10%) 12 (5%) 0.06
ST depression >0.2 mV 41 (16%) 24 (11%) 0.07
Blood pressure changes* 18 (7%) 2 (<1%) <0.005
Non-specific symptoms† 64 (25%) 86 (38%) <0.005

*Hypertension, hypotension or inability to obtain a blood pressure recording; †fatigue or
musculoskeletal pain.
Mets, metabolic equivalents of oxygen consumption.
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The peak workload in patients exercised by
technicians was less than in the physician
supervised group. This is probably because
more patients were stopped earlier by chest
pain, ST segment depression, and blood
pressure response than in the physician group.
Patients exercised by physicians had fewer
responses of this type and were thus more likely
to have a test terminated as a result of
non-specific symptoms (table 1).
The safeguards suggested in the British Car-

diac Society/Medical Practice Committee
guidelines5 and the directions given by the
stress working group of the Society of Cardio-
logical Technicians6 will help to maintain the
low complication rate of the procedure. It is
well known that observational factors recorded
during the exercise test, such as the develop-
ment of symptoms, blood pressure responses,
and ECG changes persisting into recovery, aid
in the ability to arrive at a diagnosis of ischae-
mic heart disease.7 It is our concern that not
only must safety be ensured but the usefulness
of the test must also be maintained by adequate
supervision and by obtaining as much infor-
mation as possible. The training of cardiac
technicians for this role needs to be structured.
It should include an awareness of basic exercise
physiology and the various cardiac and ECG
responses to exercise. An essential part of
maintaining standards would involve continu-
ing education in the form of reviewing results
and interpretation of data with experienced
physicians, and discussion of management
decisions that may have arisen in particular
cases.
At Blackpool, technicians independently

perform and report 30% of all exercise tests.
Stress testing requires clinical input in the
screening of referred patients and the

interpretation of the test results if it is to be a
useful investigation in the diagnosis of chest
pain in patients referred by their general
practitioner.8 The use of technician only
services with clinical support would deal with
the number of investigations required to
provide an adequate standard of cardiovascular
care. This is particularly important in the light
of the current changes in the structure of
medical training, which would necessarily
aVect medical staV service commitment.
We suggest that adequately trained techni-

cians would allow the exercise ECG to remain
a valuable and available investigation, aiding
clinicians in determining prognosis and the
need for invasive cardiac investigation.

We thank the technicians and clinical assistants for performing
the exercise tests and consultant cardiologists for use of their
patients.
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