
J R Army Med Corps 1995; 141: 71-74 

Screening for Ischaemic Heart Disease by Maximal Exercise Testing as part of 
the Extended Pulhheems Examination - The First 10 Years 

Lt Col N Ineson 
MRCP(UK), RAMC 
Consultant Physician 

Capt BSF Stacey 
MB, ChB, RAMC 
SHO in Medicine 

Cardiac Unit, Queen Elizabeth Military Hospital, Stadium Road, Woolwich, London SE18 4QH 

SUMMARY: Exercise tests have been an integral part of the extended PULHHEEMS examination since its 
inception in 1983. In the first 10 years a total of 240 individuals have been examined and 180 (75%) have had 
normal exercise tests. Individuals with an abnormal test who wished further assessment (58) were subjected to an 
exercise thallium scan. Of these 36 were normal allowing reassurance of the individual. Of the 22 abnormal scans 
15 were subjected to regular follow-up whilst 7 were sufficiently abnormal to merit angiography. Of the seven 
patients who had angiography one was normal, 3 had significant coronary artery disease and 3 had mitral valve 
prolapse. 

Introduction 
In 1983 a programme of screening medicals for Senior 

Officers was introduced with the specific aim of risk 
factor intervention and early detection of Ischaemic Heart 
Disease (IHD). These medicals involved an extension of 
the standard army PULHHEEMS medical and became 
known as Extended PULHHEEMS. An integral part of 
this medical examination was a symptom limited exercise 
test. This paper reviews the results of the first 10 years of 
exercise testing in this selected population. 

Methods 
The results of all individuals attending for a standard 

extended PULHHEEMS during the first 10 years were 
examined. All individuals had had a full clinical history 
and examination with particular reference to the risk 
factors for IHD. 

Appropriate advice was given on lifestyle and medical 
intervention undertaken when necessary. 

Following the initial screening medical all participants 
were exercised on a treadmill to a standard Bruce protocol 
in a symptom limited maximal exercise test. This was 
considered positive if chest pain was induced or 2 mm or 
more of planar or downsloping ST segment depression at 
80 msec beyond the J point was recorded. 

Individuals with abnormal tests were offered further 
investigation by thallium scintigraphy involving a further 
exercise test with the injection of 70 MBq of thallium -
201 intravenously one minute before stopping the test. 
The patient was imaged immediately using a 
Picker/Nuclear Diagnostic Gamma Camera with a high 
sensitivity collimater. Images were acquired in the 
anterior, left anterior oblique 45° and left anterior oblique 
70° positions. After a 3-4 hour rest period images were 
repeated to compare rest with exercise. Those individuals 

with multiple or extensive reversible defects were 
considered for angiography and those with small fixed 
defects or evidence of limited reversibility were closely 
observed with aggressive risk factor intervention. 

The extended PULHHEEMS was initially repeated 
annually although this was later extended to two yearly. 

Results 
Over the 10 year period 240 male subjects have been 

screened. The mean age at first examination was 51.9 
years with a range of 46.75 years to 59.9 years. One 
hundred and eighty (75%) had a normal maximum 
exercise test on initial and any subsequent test. Table I, 
illustrates the number of exercise tests per individual. 

No subjects developed angina during the exercise test 
although 60 (25%) were electrically positive on a first 
(40) or subsequent (20) exercise test. 

Table 1 
Normal Results - examinations per individual 

Number Extended PULHHEEMS Number of subjects 
Examinations 

I 
2 
3 
4 
5 
6 
7 
8 

Table 2 
Thallium Scan Results 

81 
63 
27 
6 
2 
o 
o 
1 

Result of Scan Number of subjects 

Normal 
Minor abnormality - observe 
Major abnormality - angiography 

36 
15 
7 
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Table 3 
Results of Angiography 

Result Number of subjects 

Normal 
Mitral Valve Prolapse 
Single Vessel Disease 
Three Vessel Disease 

1 
3 
2 
I 

Of the 60 individuals with positive tests all were 
offered thallium scans. Two declined this approach 
preferring to make their own arrangements. Table 2 shows 
the outcome of the 58 individuals who progressed to a 
thallium scan - of these scans 22 showed abnormalities 
with 7 showing significant enough abnormalities to 
warrant coronary angiography. Table 3 shows the results 
of angiography. Three individuals had had angiography 
prior to their inclusion in the extended PULHHEEMS 
series: One for atypical chest pain which was normal, one 
for assessment of a previous myocardial infarction and 
one having had previous angina with a successful single 
vessel angioplasty. None of these three individuals fell 
into the group requiring anything more than a standard 
thallium scan. 

Subjects No 240 

Exercise 
(75%) 

'----___ Abn~~al Exercise 
(25%) 

No Action 
2 

I 
Normal 

36 
(15%) 

Thallium Scan 

" I"" 
Mi nor Abnormal i ty 

15 
(6%) 

Test 

Test 

I 
Major Abnormality 

7 
(3%) 

Fig 1. Outcome of Extended Pulhheems 

Figure 1 details the total number of patients and their 
final outcome. 

As stated many individuals had multiple examinations 
due to length of service or follow-up of identified 

Extended Pulhheem Examination First Ten Years 

problems. A total of 459 exercise tests were performed of 
which 356 (77.6%) were normal and 103 (22.4%) 
abnormal. 

Length of follow-up ranges from 1 year to 10 years 
depending on length of service although the vast majority 
are over 2 years. No comments are made after service 
finished. Of the subjects classified as normal by either 
exercise test or thallium scan none had an adverse 
myocardial event in service defined as development of 
angina, myocardial infarction or sudden death. One of the 
fifteen with a minor thallium scan defect sustained a small 
uncomplicated inferior infarct. This particular group of 
individuals with abnormal thallium scans has been subject 
to aggressive risk factor intervention. In the latter years 
this has included prophylactic aspirin. 

Three individuals have been found to have 
asymptomatic significant coronary artery disease. These 
are again subject to aggressive risk factor intervention and 
follow-up. One has had an uncomplicated angioplasty. 

Discussion 
In terms of IHD the extended PULHHEEMS 

examination is designed to assess the major risk factors 
and detect early disease. Risk factor detection is achieved 
by means of a case history examination and blood tests. 
The treadmill test aims to detect early IHD, either 
asymptomatic or symptomatic. 

If a screening programme is to be effective it must be 
acceptable to the individuals concerned and produce 
results which detect and allow modification of risk factors 
for that disease. This is essentially a programme of 
primary and secondary prevention. Both of these aspects 
are well established in the management of IHD and have 
resulted in the production of prevention strategy (1-6). 

Lynch (7) and Gray (8) have both examined Standard .. 
Mortality Rates (SMR) for the army for IHD. Both 
demonstrated a major difference in SMR between the 
rank structures. In the 1978-84 period in her 1987 paper 
Gray reported the SMR for officers was only 50 compared 
to 140 for other rank servicemen (8). 

This data would therefore suggest that the incidence of 
true IHD would be low amongst our screened population. 
Our exercise tests produced 60 abnormal individuals out 
of 240 - 25% abnormal. 

Having 25% of the exercise tests positive poses 
questions: clearly only a small proportion of these 
individuals would be expected to have IHD yet some 
would. Exercise tests were conducted as maximal exercise 
tests with 12 lead analysis and defining ST segment 
depression as greater than 2 mm to be abnormal to reduce 
false positives. The sensitivity of an exercise test depends 
on the criteria used to interpret it but is around 70% with a 
specificity of 90% (9), but the predictive value of a 
positive test is the likelihood that an individual has 
coronary artery disease. Bayes' theorem of conditional 
probability formally combines the sensitivity, specificity 
and prevalence of disease in the population tested to 
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obtain a predictive value (10). The post test likelihood of 
disease (predictive value) depends on pretest likelihood 
(prevalence) of disease in the population tested or from 
which the patient is taken. A negative test in a group with 
a low likelihood of disease means that they almost 
certainly do not have coronary artery disease but similarly 
a positive test means a significant proportion will be 
falsely positive. 

In our population studied with a relatively low 
incidence of IHD one is confident that the negative tests 
are truly negative i.e. 75% are truly normal. Twenty five 
per cent however have abnormal exercise tests with a 
greater risk of coronary artery disease. 

In our study of the 60 with positive tests 2 elected to 
have no further action. These were in individuals close to 
retirement in the early stages of our screening programme. 
This left 58 individuals with positive tests and a 
possibility of underlying IHD. It is these individuals 
whom we investigated with 20 I-thallium myocardial 
scanning. 

There is a direct relationship between the presence or 
extent of jeopardised viable myocardium, i.e. degree and 
number of areas of reversible ischaemia, and risk of future 
cardiac events as demonstrated by Brown in 1983 (11). In 
that study the best predictor of future cardiac events in 
individuals with previous infarction was the number of 
myocardial segments with transient defects. Angiography 
added no significant prognostic value to this non invasive 
index. Ladenheim et al (12) found that among clinical and 
scintigraphic variables the number of reversible thallium 
defects was the best predictor of future events in a large 
series of patients without known infarction but suspected 
coronary artery disease. The presence of reversible 
defects has been shown to have a sixfold to twelvefold 
increased risk of cardiac death or myocardial infarction 
compared with normal studies (13). Fleg (14) 
demonstrated a 48% event rate in individuals with 
asymptomatic electrically positive stress tests and 
abnormal thallium scans over a mean follow-up period of 
4.6 years. A very important aspect of the interpretation of 
thallium scans is the mirror imaging of the above, i.e. a 
normal thallium study, even in the presence of patients 
with angiographic coronary artery disease, predicts a very 
benign outcome (11, 13-19). Many clinical series of 
patients with known or suspected coronary artery disease 
have therefore consistently shown a very low cardiac 
event rate among patients with normal thallium studies 
averaging less than 1 % per year for death or myocardial 
infarction - an event rate approaching that of the general 
population in the United States where most of this work 
has been done (20). The subject of risk factor stratification 
with thallium scanning is extensively reviewed by Brown 
(21). 

In this study, of the 58 subjects with abnormal exercise 
tests to be further assessed, 36 had normal thallium scans 
placing them in a good prognostic group allowing them to 
be reassured and requiring no further investigation. 
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Twenty-two subjects had abnormal thallium scans, among 
whom 15 had minor defects which were felt to need no 
further action. One of these individuals later sustained a 
small uncomplicated myocardial infarction. Subsequent 
angiography revealed single vessel disease which would 
not normally be subjected to intervention in an 
asymptomatic individual. All of these 15 patients had 
more aggressive risk factor intervention and in later years 
the prescription of prophylactic aspirin. 

Seven individuals (3%) of the original population had 
such significant abnormalities that coronary angiography 
was thought necessary. One was entirely normal 
representing a true false positive to both exercise test and 
thallium scan. Three had evidence of mitral valve 
prolapse angiographically. This condition is well 
documented as producing false positive imaging (22). In 
our own review of patients referred for angiography we 
similarily found a significant number of patients with an 
abnormal exercise test and thallium scan but normal 
coronary arteries and mitral valve prolapse at angiography 
(23). Possible mechanisms to explain thallium defects in 
patients with normal coronary arteries in mitral valve 
prolapse include - localised cardiomyopathy producing 
ischaemia and fibrosis, coronary spasm and coronary 
embolism from clots on the myxomatous valve (22). 

Three patients had abnormal coronary angiograms and 
these have been subjected to regular follow-up with one 
having had a successful coronary angioplasty. Clearly 
these 3 individuals also had aggressive risk factor 
intervention and prophylactic aspirin. 

Conclusion 
By a stepped approach it is therefore possible to select 

out and stratify these individuals for risk factor 
intervention. It may be argued that an exercise test is not 
justified in this low risk population. It does however form 
a valuable assessment of these individuals allowing us to 
reassure the vast majority with simple risk factor advice. 
The addition of a thallium scan to those with positive 
exercise tests allows further risk stratification. The small 
but nevertheless significant number of individuals with 
abnormal scans can then be targeted for the most 
aggressive risk factor intervention, follow-up and 
consideration of prophylactic aspirin. 
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