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Acute coronary vasospasm secondary to
industrial nitroglycerin withdrawal
A case presentation and review
J. Z. PRZYBOJEWSKI,

M. H. HEYNS

Summary
A Black employee exposed to industrial nitroglycerin (NG) in an explosives factory presented with
severe precordial pain. The clinical presentation
was that of significant transient anteroseptal and
anterolateral transmural myocardial ischaemia
which responded promptly to sublingual isosorbide
dinitrate. Despite being removed from exposure to
industrial NG and receiving therapy with longacting oral nitrates and calcium antagonists, the
patient continued to experience repeated attacks of
severe retrosternal pain, although transient myocardial ischaemia was not demonstrated electrocardiographically during these episodes. Cardiac
catheterization revealed cl normal myocardial haemodynamic sy~tem and selective coronary arteriography delineated coronary arteries free from any
obstructive lesions. An ergonovine (ergometrine)
maleate provocative test failed to elicit coronary
artery spasm, although this was undertaken while
the patient was on nitrate and calcium-blocker therapy. Clinical records of previous significant con-.
strictive pericarditis (probably due to tuberculosis)
with resultant abnormalities on the ECG complicated the diagnosis. Evaluation was further hindered by the known 'variant pattern' seen on the
ECGs of members of the Black population.
We postulate that this patient's clinical features
were a direct result of severe vasospasm affecting'
the left coronary artery; it is also strongly suggested
that withdrawal from contact with industrial NG
precipitated this potentially lethal coronary vaso.spasm. The role played by industrial NG in ischaemic heart disease is reviewed, as well as the importance of the 'normal variant pattern' in the assessment of cardiac disease in Black patients.
As far as we are aware this is the first time that the
use of the ergonovine maleate provocative test has
been documented in the industrial NG withdrawal
syndrome.
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Clinical presentation

Ilntil

The patient, a Black man, was apparently quite healthy
July
1977 when he' noted the onset of dyspnoea on moderate exertion
and nonspecific chest pain. A chest radiograph then showed
'bilateral basal segment pleuropneumonitis with pleural effusions', cardiomegaly and pulmonary congestion. Therapy for
cardiac failure was begun but the patient's clinical condition did
not improve significantly and he began experiencing dyspnoea
on minimal exertion, orthopnoea, paroxysmal cardiac dyspnoea,
swelling of the ankles, and some abdominal distension. At this
time he was 41 years old and had been employed at an explosives
factory for many years whe:re he came into contact with industrial nitroglycerin (NG).
There was no past history of rheumatic fever or any other
cardiac disease; he did not indulge in the consumption of alcohol
and his diet was normal. Since his condition was not improving
he was referred for admission to another university hospital,
where a diagnosis of significant constrictive pericarditis was
made. The treatment for cardiac failure was increased with
apparent good effect, and he was discharged a week later.
Approximately I month after discharge he was readrnirred
because of the recurrence of symptoms of severe right heart
failure. Examination revealed gross hepatomegaly, a marked
pulsus paradoxus, a soft, apical mid-systolic murmur, a diastolic
parasternal lift associated with instantaneous splining of the
second heart sound at the pulmonary area, and a markedly
elevated jugular venous pressure exhibiting a positive hepatojugular reflux and Kussmaul's sign. Blood pressure readings
were repeatedly normal. A chest radiograph showed a slightly
increased cardiothoracic ratio with evidence of hilar blunting,
interstitial pulmonary oedema, and bilateral pleural effusions.
The ECG displayed sinus rhythm, 'low voltage and some Twave changes'. Cardiological consultation resulted ·in a diagnosis
of constrictive pericarditis, probably a result of tuberculosis.
Antituberculosis therapy was commenced and the possibility of
performing a pericardiectomy contemplated, but at follow-up
there was a significant decrease in the signs of pericardial constriction. The patient was last seen at that hospital in June 1978
when he was asymptomatic with sinus rhythm, left atrial enlargement and 'diffuse T -wave inversion in keeping with pericarditis' (Fig. la). A chest radiograph showed a normal-sized
heart with clear lung fields but small bilateral pleural effusions.
The final diagnosis of 'healed tuberculous pericarditis' was then
made and surgery was considered unnecessary. He was discharged to continue with antituberculosis treatment, digoxin
and diuretics for a further 3-month period. An ECG taken in
July 1979 demonstrated quite a dramatic change: the T waves
were now upright and the only abnormality was increased left
ventricular voltage in the absence of systemic hypertension (Fig.
lb).
The patient was admitted to the Intensive Coronary Care Unit
(ICCU) of Tygerberg Hospital, Parowvallei, CP, on the morning
of Monday 17 December 1979, having been woken up at 04h30
by sudden, severe retrosternal pain such as he had never experienced before. On examination he appeared healthy, was nor-
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Fig. 1. Twelve-lead resting ECG recorded on full (normal) standardization (10 mm = 1 mV):a - sinus bradycardia 53 beats/m in,
1st degree atrioventricular block (PR interval 0,20 second), mean
CRS axis + 50°, diffuse upward-coved ST segments and asymmetric T-wave inversion; b - ST segments now normal with
upright T waves, increased CRS voltage in all precordial leads; c
- recorded during angina: left axis deviation of 30°, marked
ST-segment elevation in anteroseptal/anterolateralleads, reciprocal ST-segment depression in inferior leads; d - recorded
after administration of sublingual isosorbide dinitrate and relief
of angina, mean CRS axis now normal, some early ventricular
repolarization in anteroseptal leads.

motensive and not in cardiac failure. A soft, grade 1/6 ejection
systolic murmur was heard along the left sternal border with
poor radiation to the axilla; a prominent fourth heart sound was
present, but no clicks or diastolic murmurs could be heard. An
ECG recorded on admission, while the patient was in pain,
showed most impressive abnormalities (Fig. lc). Very marked
ST-segment elevation was visualized in the anteroseptal and
anterolateral leads, this being as much as 10 mm in leads V2 and
V3. In addition, marked reciprocal ST-segment depression was
present in standard leads 11, III and aVF, but no Q waves could
be seen. There was left axis deviation of 30°. The diagnosis of
possible hyperacute anteroseptallanterolateral myocardial
infarction or coronary artery spasm with severe transmural
myocardial ischaemia was made. He was immediately given
sublingual isosorbide dinitrate; within a few minutes the retrosternal pain subsided and a repeat resting ECG demonstrated a
remarkable change (Fig. Id). There was no longer any STsegment elevation, apart from some early ventricular repolarization in the anteroseptallanterolateralleads. A diagnosis of transient severe transmural myocardial ischaemia secondary to
significant vasospasm of the left coronary artery (LCA) was then
made, and was thought to have been provoked by N G withdrawal. Frequent sublingual isosorbide dinitrate, as well as the oral
preparation was prescribed, and heparin was also given.
Within about an hour of his chest pain having subsided he
again complained of severe retrosternal pain associated with
palpitations, sweating and dyspnoea. A further resting ECG
demonstrated recurrence of significant ST-segment elevation
and depression changes as in the initial episode. However, several
unifocal ventricular extrasystoles were also recorded during
chest pain, with marked ST-segment elevation in leads V4 - V6
not evident in the sinus complexes (Fig. 2a). The patient was
given more sublingual isosorbide dinitrate with prompt relief of
pain as well as gradual subsidence of the ST-segment changes
(Fig. 2b). Treatment with oral nifedipine 10 mg 3 times daily was
commenced. On the following day an ECG (Fig. 2c) showed
deep asymmetrical T -wave inversion in the anteroseptal and
anterolateral leads, raising the possibility of acute nontransmural myocardial infarction .. However, daily ECGs
remained unchanged and serial enzyme estimations failed to
show any elevation to support this diagnosis. Baseline haematological and biochemical investigations were within normal limits.
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Fig. 2. Twelve-lead resting ECG recorded on full (normal) standardization (10 mm = 1 mY): a - recurrence of ST-segment
changes, unifocal ventricular extrasystoles (arrowed) in leads
V4-V6 portray significant ST-segment elevation not revealed in
sinus complexes; b - after sublingual isosorbide dinitrate and
relief of angina. Less severe ST-segment displacement; c - deep
asymmetrical T-wave inversion in anteroseptal/anterolateralleads
raising possibility of non-transmural myocardial infarction. Possible Grusin pattern 1 variant; d - ST segment and T waves now
normal. Early ventricular repolarization and increased CRS voltage in precordia! leads.

Serological tests for syphilis were negative, as were investigations for a collagen disorder. A chest radiograph revealed a
normal cardiac silhouette and clear lung fields. Ventricular
ectopic activity ceased and the patient had no further chest pain.
In view of the electrocardiographic findings a 99mTc pyrophosphate scan ('hot-spot scan') was carried out on the 5th day of
hospitalization, but this failed to establish a diagnosis of infarction; a repetition on the 8th day again did not show an increase in
isotope uptake. M-mode echocardiography excluded a possible
mitral valve prolapse (Barlow's syndrome), as well as hypertrophic obstructive cardiomyopathy. Left ventricular function was
also within normal limits. The patient was discharged on 24
December 1979 with a diagnosis of coronary vasospasm due to
industrial NG withdrawal, and the remaining T -wave changes
seen on the ECGs were attributed to the 'normal variant pattern'
encountered in the Black population.
Therapy with isosorbide dinitrate 10 mg 3 times daily and
nifedipine at the same dosage was continued, and the patient was
withdrawn from exposure to NG. On 7 January 1980 a resting
ECG showed that the previously inverted T waves were now
upright; the only abnormality was increased voltage over the
precordial leads (Fig. 2d). The patient went to his place of
employment a few days later (10 January), complaining of constricting left-sided chest pain radiating down his left arm. He was
immediately given sublingual isosorbide dinitrate 5 mg, with
rapid relief. After this emergency treatment an ECG was taken
(Fig. 3a), but proved to be no different from that taken a few days
previously. It was then decided to readmit the patient to the
ICCD at Tygerberg Hospital on 11 January for observation. The
only abnormal finding was a persistent soft ejection systolic
murmur at the lower left sternal border. Daily resting ECGs
showed no change. A submaximal-treadmill effort test demonstrated no myocardial ischaemia, no arrhythmias and no angina.
In view of the uncertainty of the underlying pathophysiology it
was decided to undertake full cardiac catheterization. The nitrate
and nifedipine medication was not discontinued for fear of precipitating further episodes of coronary artery spasm.

Cardiac catheterization
This procedure was undertaken on 17 January 1980. The
Seldinger technique via the right femoral artery and vein was
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Fig. 3. Twelve-lead resting ECG recorded on full (standard) standardization (10 mm = 1 mV): a - after relief of angina with
sublingual isosorbide dinitrate, tracing similar to that seen in Fig.
2d; b - precordial T waves flatter than seen on 10 January, still
increased ORS voltage in precordial leads; c - precordial T
waves now taller than seen on 28 January; d - most recent
tracing showing early repolarization and increased ORS voltage
in precordial leads.

employed using 7F Goodale-Lubin and pigtail catheters. All the
intracardiac pressures and indices of cardiac contractility were
normal. A left ventricular cine angiogram in the right anterior
oblique (RAO) projection delineated a normally contracting left
ventricle with no evidence of any mitral insufficiency or prolapse
(Fig. 4). Selective coronary angiography demonstrated that both the
right coronary artery (RCA) (Fig. 5) and the LCA (Fig. 6) were
normal. In view of the possibility of underlying coronary vasospasm in anatomically normal coronary arteries, it was decided to
carry out an ergonovine (ergometrine) maleate provocation test.
A 12-lead ECG was set up and standard lead II and lead V2 were
monitored on the oscilloscope, as well as the aortic pressure.
Ergonovine maleate was initially given as a bolus of 0,025 mg
injected into the main pulmonary artery; 12-lead ECGS were
recorded every minute. Since the patient did not complain of
angina and there were no features of myocardial ischaemia on the
ECGs, a further bolus of ergonovine 0,025 mg was injected 4
minutes after the initial injection. The provocative drug was then
administered every 4 minutes at doses of 0,05 mg, 0,05 mg, 0,10
mg ;'md 0,15 mg to a total dose of 0,40 mg: Again, there was no
change on the ECG and the patient did not experience angina.
Repeat cine angiograms of the LCA (Fig. 7) and RCA (Fig. 8)

Fig. 4. Left ventricular cine angiograms in RAO projection showing normal contractility and mitral valve: a diastole; b - left ventricle in end-systole.

left ventricle in end-

Fig. 5. Before ergonovine (ergometrine) maleate provocation. RCA cine angiograms in the (a) left anterior oblique (LAO) and (b) RAO
views. The vessel is dominant and normal.
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Fig. 6. Before ergonovine (ergometrine) maleate provocation. LCA cine angiograms in the (a) LAO and (b) RAO views. Normal vessels
are seen.

Fig. 7. After ergonovine maleate provocation. LCA cine angiograms in the (a) LAO and (b) RAO views. No coronary vasospasm could
be provoked.

Fig. 8. After ergonovine maleate provocation. RCA cine angiograms in the (a) LAO and (b) RAO views. No coronary vasospasm could
be provoked.
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failed to document coronary vasospasm. The procedure was then
completed without complication.
The patient was discharged on 18 January and was advised to
continue his medication. A resting ECG taken on 28 January
(Fig. 3b) showed that the T-wave amplitude in the precordial
leads was now much smaller than previously seen, despite the
increased QRS voltage in these leads. He remained asymptomatic and a routine ECG taken on 25 August (Fig. 3c) recorded
T waves of larger amplitude in the precordial leads. Repeated
'checking' resting ECGs subsequently demonstrated no change.
A routine submaximal treadmill effort test carried out on 8 June
1981 was negative.
The patient remained asymptomatic over the ensuing months
and continued working away from industrial NG. However, on
17 November 1981 he was admitted to the factory hospital with
severe precordial pam radiating down the left arm; sublingual
isosorbide. dinitrate 5 mg gave effective relief. A resting ECG
showed no change from that taken on 25 August 1980. Several
days of hospitalization ensued with no further chest pain, serial
ECGs showing no new features. Since that episode the patient
has continued to remain asymptomatic on a combination of
isosorbide dinitrate and nifedipine. The most recent resting
ECG taken (13 July 1982) demonstrated increased voltage and
early ventricular repolarization changes in the precordial leads,
but nothing else of significance (Fig. 3d).

Discussion
Atheromatous coronary artery disease has always been accepted
as being extremely uncommon in South African Blacks,1-5 but an
increasing incidence is being seen in urbanized or 'westernized'
Blacks. 6The symptom of angina pectoris in a Black patient must
therefore be considered seriously and a definite cause sought.
Syphilitic coronary ostial stenosis is a well-known cause of both
.angina and acute myocardial infarction in this population
group.7 Other non-atheromatous causes such as the collagenoses8 ,9 and aortic arteritis (Takayasu's disease lO ) must also be
. considered.
The explosives industry is particularly important in this country, especially since mining is such a dominant economic force.
Industrial NG is usually employed in this field and for many
years 'withdrawal' symptoms have been experienced by workers
exposed to industrial NG.II The most frequent complaint is that
of 'Monday morning headache',12,13 which follows withdrawal
from NG over the previous weekend. Precordial pain,!4 acute
myocardial infarction 15 and sudden death 16 have also been
thought to be secondary to industrial NG withdrawal. Our
patient presented with the classic features of coronary artery
spasm, seriously considered to have been a direct result of the
withdrawal syndrome; yet selective coronary arteriography delineated normal coronary arteries, and an ergonovine (ergometrine) maleate provocative test for coronary artery spasm was
negative. However, it is important to note that this provocative
measure was applied while the patient was on maintenance longacting nitrates and calcium-antagonist drugs which were not
discontinued for fear of the very real danger of precipitating an
acute myocardial infarction. Analysis of .the patient's clinical
picture was further complicated by the previous documentation
of constrictive pericarditis (probably tuberculous in nature) with
ensuing electrocardiographic abnormalities. Furthermore, the
presence of the 'normal variant panern' on the ECGs, well established in Black South Africans, made unravelling of the clinical

problem even more intriguing. These aspects will now be conside:ed in more detail, as will the therapeutic implications.

The electrocardiographic 'normal variant
pattern' in the Black
As regards ECGs, differences do exist between races, sexes
and at different stages of maturation (taken from infaacy through
adolescence to senescence).J7 This fact is of particular importance in South Africa in view of the multiracial population. The
'early repolarization variant'18 has been variously termed: 'premature repolarization',!9 'unusual RT-segment deviation',20
'normal RS-T elevation variant',2! 'early repolari;::afion syndrome',22 and the 'juvenile pattern of adult Negro:males'.23
These changes have been attributed to such conditions as excessive vagotonia (such as is seen in athletes, i:e. 'the athletic heart
syndrome', infantile bodily habitus, the electrical position of the
heart, some metabolic factors and an increase in-myocardial
mass.
Brink 24 .25 was the first to document T -wave inversion in the
right ventricular (VI - V3) precordial leads (reporting an incidence of 5% in healthy Black adults), and attributed these repolarization changes to excessive vagotonia. Grusin 26 -then published his findings in 159 Black patients without heart disease
and in 50 healthy Black nurses; some 63% of the former group
and 20% of the latter exhibited some form of the 'normal variant
pattern'. He recognized three basic 'patterns'. The first pattern
(the most common of the three) was characterized by STsegment depression associated with asymmetrical, deeply
inverted Twaves, mostly in the right ventricular precordial leads
(V 1-V3). The second pattern (the next most frequent) consisted
of marked ST-segment elevation associated with tall T waves
and large-amplitude R waves primarily in the left ventricular
precordial leads (V 4- V6). The third panern was characterized by
rounded or 'flat' T waves in the precordial leads. Some of his
subjects displayed a combination of the first two patterns. A
most striking feature documented by Grusin was the spontaneous fluctuation seen to occur in many of his patients over a
12-month period. He preferred to incriminate some influence of
malnutrition or a persistence of the 'juvenile pattern' rather than
to attribute this to auto-immune nervous system imbalance.
PowelJ27 found a ~normal variant' incidence of 39% in 100
Black patients without cardiac disease, in 22% of 50 healthy Black
male nurses and 37% of 100 Black males suffering from amoebic
dysentery. He found that the second pattern previously described by Grusin predominated, and concluded that the cause
of the variant pattern was a 'biochemical change in the myocardial cell due to unknown factors'. Woods and Laurie 28 were most
critical of Grusin's publication, mainly because only about 20%
of his subject's 'were in good health'. These workers claimed that
the ECG of the healthy Black was similar to that seen in other
racial groups, and that the 'Grusin normal variant' was usually
due to some underlying cardiac abnormality, apart from those
cases of functional aetiology.
Fleishman29 •3o investigated 573 apparently healthy Black male
subjects and found an incidence of ST-segment and T-wave
changes of 23%, supporting the work of previous researchers.
Walker and Walker!7 documented interesting data on the electrocardiographic differences encountered in young South African Blacks and Whites, highlighting the influence of race, sex,
age and the state of nutrition. They confirmed the findings of
Grusin and noted a general diminution in the degree of ST-T
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segment changes with increasing age. Furthermore, an unduly
bad prognosis was not related to the existence of these variant
patterns.
Reiley el al. 31 carried out a similar survey in the USA, and
found the greatest incidence of the variant among Black males,
who were also noted to have the most marked increase in precordial QRS amplitude. A smaller incidence was found in White
men, but this was higher than those found in Black or White
women. The variant pattern has also been documented in
healthy East Africans. 32
Our patient displayed a combination of ST-segment elevation
and intermittent biphasic T waves and tented precordial T
waves, as well as deep, asymmetrical T -wave inversion in the
precordial leads and markedly increased precordial QRS voltage.
Thus, a combination of Grusin's pattern I and pattern 2 was
encountered. The difficulty in interpreting the electrocardiographic changes in this patient in the light of his previous history
will be discussed shortly.

ECG tracings mimicked by the 'normal
variant pattern' (Table I)
Acute pericarditis. The spectrum of electrocardiographic
changes caused by various forms of pericarditis are of particular
importance in the differential diagnosis. Acute pericarditis,
especially durinJ? its very early phase (said to be caused by an
epimyocarditis3 -35) when seen on ECGs, has proved the most
difficult to distinguish from the normal variant pattern, and
these two conditions have been claimed to be indistinguishable. 21 ,36,37 However, differentiation has been aided by the fact
that the changes caused by pericarditis tend to evolve over a
period of hours, days or even weeks,3s,39 whereas those of the
normal variant can last many years, albeit with numerous fluctuations. The injury current of the former condition is thought to
be secondary to subepicardial inflammation of varying duration.
Spodick 33 was the first to demonstrate that the ST-T wave
alterations always occurred in the limb leads in acute pericarditis, but that in some 30% of the normal variants these changes
were confined to the precordial leads. He also showed that
ST-segmentelevation in lead V6and depression in lead VI were
far commoner in acute pericarditis, and that the two conditions
could be further differentiated by vector cardiographic analysis.
Ginzton and Laks 40 attempted to distinguish acute pericarditis'
from the normal variant pattern by quantitative electrocardiographic analysis. These researchers found that an ST IT wave
ratio of 2': 0,25 in lead V6 was specific for acute pericarditis, and
that if this lead was not available the same ratio val ue in leads V 4,
VS and I was most suggestive of this condition. Furthermore, a
T-wave amplitude of :::;0,3 mV in lead V6 was highly suggestive
of acute pericarditis.
Chronic constrictive pericarditis. The T -wave deviations
in this condition are usually widespread, and consist of either
flattened, upright T waves or inverted T waves which are either
deep or of small amplitude. These findings would be consistent
with those found on the initial ECG of our patient (Fig. la).
However, that was the only ECG tracing which revealed such
extensive changes, and probably indicated that the patient had,
most likely, almost passed the constrictive phase of his presumed
tuberculous pericarditis. In fact, serial ECGs taken before and
after radical pericardiectomy for chronic constrictive pericarditis
have demonstrated the persistence of diffuse T -wave inversion
despite normal haemodynamic findings. 41 These T -wave changes
may be caused by myocardial atrophy, myocardial fibrosis,42
cardiac constriction,43 myocardial calcification or a reduction in
myocardial blood flow. 44 Lewis el al. 45 differentiated the electrocardiographic changes of constrictive pericarditis from 'Bantu
myocardiopathy'; the former had a typical ST-T wave pattern
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compared with a pseudo-myocardial infarction pattern in the
latter.
Myocardial infarction. The hyperactive phase of an anteroseptal myocardial infarction may be confused with the ST-T
wave changes seen in the Grusin pattern I variant. An acute
non-transmural anteroseptal infarction can likewise be confused
with the Grusin pattern 2 variant. Previous non-transmural
anteroseptal and lateral myocardial infarctions can quite easily
mimic the third Grusin pattern of the normal variant.
Myocarditis. This condition, irrespective of the cause, can
quite easily be mistaken for a Grusin pattern 3 variant. The
picture is further complicated by the frequent existence of an
associated pericarditis (i.e. myopericarditis). However, the Black
patient often has an underlying sinus bradycardia in association
with the normal variant pattern, whereas tachycardia is usual
with myocarditis.
Cardiomyopathy. The wide spectrum of restrictive,46-4s
congestive (dilated, cryptogenic, idiopathic) and hypertrophic
(obstructive 49 and non-obstructiveSO ,51) cardiomyopathy must be
considered in the differential diagnosis of the normal variant
pattern, but the clinical characteristics usually allow for quite
accurate diagnosis. Left ventricular hypertrophy secondary to
systemic hypertension may be especially problematic when
'decapitated' hypertension gives rise to dilated cardiomyopathy
or is associated with it.
Athletic heart syndrome. Virtually identical repolarization
changes are seen in the athlete. 52 ,53 These features ar'e thought to
be an expression of the electrophysiological and anatomical
effects of regular exercise on the heart, especially that induced by
increased vagal tone. Thus, apart from varying degrees of atrioventricular heart block, tall and peaked T waves with STsegment elevation are common in the anteroseptal leads. Deep
asymmetrical T -wave inversions may be evident in all precordial
leads, as well as increased QRS voltage.
Miscellaneous conditions. The hyperventilation syndrome 54 is a well-known cause of ventricular repolarization alterations, as has been experienced in the interpretation of stress
ECGs. Hyperkalaemia, apart from mimicking acute anteroseptal
myocardial infarction,55 may well be confused with the normal
variant pattern. Acute cor pulmonale could present difficulty in
differentiation from the Grusin pattern I normal variant. Likewise, the electrocardiographic manifestations of acute pulmonary embolism and primary pulmonary hypertension 56 could be
mimicked, apart from the obvious changes in P-wave morphology.

TABLE I. ECG TRACINGS MIMICKED BY THE 'NORMAL
VARIANT PATTERN'
1. Acute pericarditis
2. Chronic constrictive pericarditis
3. Myocardial infarction
Acute non-transmural
Old non-transmural
4. Myocarditis (myopericarditis)
A(;ut~

Cl1ronic

5. Cardiomyopathy
Restrictive
Congestive (dila~ed)
Hypertrophic (obstructive and non-obstructive)
6. Athletic heart syndrome
7. Miscellaneous
Hyperventilation syndrome
Hyperkalaemia
Acute cor pulmonale
Acute pulmonary embolism
Primary pulmonary hypertension
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Pathophysiology of coronary vasospasm in
industrial NG withdrawal syndrome
The pathophysiological.concept of coronary artery spasm was
revived during the I970s,,7.58 and its importance in atherosclerotic coronary artery disease has been emphasized by several
researchers. 59- 61 More frequent use of selective coronary arteriography in patients presenting \vith chest pain, as well as the fairly
recent introduction of the ergonovine (ergometrine) maleate
provocation test to detect possible underlying coronary vasospasm, has increased the frequency of its documentation as well
as its firm acceptance. It is therefore not surprising that this mechanism has been postulated as being of vital importance in the
spectrum of non-atheromatous coronary artery disease reported
in employees working with explosives.
G alone, or in combination with ethylene glycol dinitrate
(nitroglycol), has been utilized in the manufacturing of dynamite
for several decades. This usually involves open techniques, and a
substantial level of nitrates is therefore detected in the surrounding atmosphere. Nitrates are particularly volatile and thus easily
absorbed via the skin and lungs, especially if adequate protective
clothing is not worn. An 'acute toxic response' is therefore most
common, and is characterized by such symptoms as headache,12,13 orthostatic hypotension, palpitations, gastro-intestinal
disturbance, a fall in diastolic blood pressure and rise in systolic
pressure. This clinical picture is usually present for approximatelya week. Once the subject has been exposed to NG for a
period of longer than 12 months a different 'adaptation'
response, consisting of a rise in diastolic and a fall in systolic
blood pressure with resultant smaller pulse pressure and accompanying bradycardia, occurs. This is the period in the employee's
life when a 'withdrawal response' may OCCUr. ll
Some 30 years ago the effects of withdrawal from industrial
NG was first documented in the German, Swedish and Italian
literature. Symptoms of severe angina not related to exertion or
emotion were commonly encountered within I - 3 days of
non-exposure, and relief was subsequently experienced upon
re-exposure. Sudden death was far less common. l6 Another
typical clinical presentation was that of acute myocardial infarction, autopsy revealing no evidence of significant obstructive
coronary atherosclerosis. In an attempt to explain the withdrawal reaction various theories have been proposed. The suggestion of alternating coronary vasodilation (occurring during
periods of exposure) and vasoconstriction (during periods of
withdrawal), involving the nutrient arterioles and resulting in
deposition of hyaline material in the arterial wall was put forward. Another theory was that of severe peripheral vasodilation
giving rise to cardiovascular collapse due to inadequate venous
return. However, the most attractive postulate, first propo~ed by
Carmichael and Lieben,l6 would appear to be that of acute
coronary artery spasm. Lange eT al. ls were the first to document
spontaneous coronary vasospasm by coronary arteriography during a period of withdrawal. Their patient also responded quite
dramatically to the sublingual administration ofnitrates, although
no electrocardiographic features of vasospasm were noted. A
further 8 patients had symptoms of non-atheromatous ischaemic
heart disease, I dying suddenly; a further 4 underwent selective
coronary angiography. One of the subjects who underwent coronary angiography developed complete left bundle-branch block
and had a late sudden death.
Klock l4 was the second to demonstrate spontaneous vasospasm of the RCA at the time of coronary arteriography in a
patient who developed frequent episodes of non-exertional
angina during the withdrawal period. This vasospasm was
rapidly relieved by sublingual nitrates, but again no electrocardiographic features of myocardial ischaemia could be detected.
The patient had several more episodes of angina after cardiac
catheterization, but his condition stabilized on high doses of
isosorbide dinitrate. In common with all the previous affected

employees, his angina decreased in frequency with removal from
the explosives environment.
HogstedteT a/. 62 first utilized 48-hour ambulatory ECGs (Holter monitoring) on explosives workers, attempting to demonstrate
an increasing incidence of dangerous ventricular arrhythmias
during the withdrawal period; this would explain the symptoms
as due to acute myocardial ischaemia on the basis of coronary
vasospasm. They were only able to detect ventricular tachycardia
on a Monday morning in a single worker, and some ventricular
ectopic beats in both control workers and exposed workers. In
addition, they postulated that increased sympathetic activity was
more pronounced during the withdrawal period, and that the
myocardium was more vulnerable to ventricular ,fibrillation
secondary to coronary vasospasm. Thus, a hypoth~sis of the
cause of sudden death in explosives workers was made more
attractive. evertheless, it has been shown that sudq.en cardiac
death in men not known to have underlying cardiac disease is
statistically more frequent on a Monday ~orning.63
Our patient almost certainly suffered from the NG withdrawal
syndrome as evidenced by severe intermittent non-exertional
angina associated with electrocardiographic features of transient
myocardial ischaemia, relieved by nitrate therapy. Coronary
angiography gave the usual negative results. The fact that the
patient was taking oral nitrates and nifedipine while undergoing
coronary angiography and the ergonovine maleate provocative
test may well have accounted for the fact that spontaneous or
induced coronary vasospasm was not documented.64 As far as we'
are aware, this is the first time that the ergonovine maleate
provocative test has been employed in the industrial NG withdrawal syndrome.
A further interesting finding was the occurrence of STsegment elevation in ventricular ectopic beats (Fig. 2a) but not in
sinus beats. A similar finding has been documented by Schamroth 6S in a patient experiencing episodes of variant (Prinzmetal's)
angina. Several authors have previously reported on this characteristic in the diagnosis of acute myocardial infarction. 66

Therapeutic implications
It would seem clear that any subject who has underlying
ischaemic heart disease should not be exposed to industrial NG.
TJ1e intriguing possibility of the use of prophylactic oral isosorbide dinitrate administration during the withdrawal period cannot be ignored entirely, much as this drug is used in the prophylaxis of angina pectoris due to atherosclerotic coronary artery
disease. Furthermore, if coronary vasospasm is the mechanism
of this withdrawal syndrome, administration of long-term prophylactic calcium-blocking drugs may entirely prevent angina at
rest, acute myocardial infarction and sudden death in this specific working population.
A further important implication of the experience derived
from the industrial NG withdrawal syndrome concerns the
treatment of ischaemic heart disease. Much has been written
about the dangers of abrupt withdrawal of propranolol in
patients given this drug for angina pectoris. Perhaps sudden
cessation of the commonly prescribed oral long-acting nitrates
may be just as potentially lethal; prescribing doctors should
probably warn their patients of this danger. Sudden death is
almost certainly the most common and frustrating single presentation in the spectrum of symptomatic atherosclerotic ischaemic
heart disease and its incidence might well be dramatically
reduced by ~pplying such basic clinical principles in the
management.
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