
914 BRITISH MEDICAL JOURNAL VOLUME 293 11 OCTOBER 1986

Longer term studies are necessary to determine whether treat-
ment with sulphasalazine can prevent late complications such as
ankylosis and whether it can induce prolonged remissions of the
disease.
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Contribution of inappropriate treatment for hypertension to
pathogenesis of stroke in the elderly

P A F JANSEN, F W J GRIBNAU, B P M SCHULTE, E F J POELS

Abstract

One hundred and seventy eight patients admitted to hospital with
acute cerebral infarction or transient ischaemic attack were
studied to determine if their treatment had been changed during
the previous three weeks and to compare their blood pressure
after the stroke with premorbid values. Blood pressure measure-
ments taken within one year before the stroke were available for
100 patients; seven of these had had a recent change in
antihypertensive or diuretic treatment. Of these, three patients
who had started taking frusemide because of hypertension and
one whose dosage of a reserpine combination drug had been
increased experienced an appreciable decrease in blood pressure
immediately after the stroke; they also showed signs of haemo-
concentration. The change in treatment probably contributed to
the stroke in' these four patients. The' other three showed' a
smaller decrease or even an increase in blood pressure and no
signs of haemoconcentration; the relation between the change in
treatment and stroke is less likel in these patients.
The use of high ceiling diuretics such as frusemide in the

treatment, of hypertension may induce hypovolaemia and hypo-
tension, resulting in cerebral ischaemia, and are therefore best
avoided in such treatment.
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Introduction

Increased blood pressure, especially systolic hypertension, is
associated with an increased risk of stroke in people aged over 60.1-1
Other studies, including one by the European Working Party on
High Blood Pressure in the Elderly, have shown that treatment for
hypertension in the elderly reduces cardiovascular and cerebro-
vascular mortality and morbidity,&O particularly non-fatal cerebro-
vascular events.6 Treatment for hypertension may prevent the
recurrence of stroke,'01 especially cerebral haemorrhage,'2 but this
effect in the elderly is less certain.3 14 Nevertheless, treatment for
hypertension in the elderly should be considered, though there is no
consensus about the diastolic or systolic pressure above which
treatment should be given.

Stroke as a paradoxical side effect of treatment for hypertension
has been reported."22We previously sent a questionnaire to all
medical directors of Dutch nursing homes (n=322) asking for
information on patients who suffered a stroke shortly after the start
of antihypertensive or diuretic treatment. Thirty patients were
reported23; complete blood pressure measurements were available
for nine of them. They had all had an appreciable decrease in blood
pressure immediately after the stroke. To establish whether
inappropriate antihypertensive or excessively drastic diuretic treat-
ment causes such events, and if so how often, we studied patients
admitted to hospital with transient ischaemic attack or acute
cerebral infarction to determine if there had been any change in
treatment during the three weeks preceding admission and to
measure blood pressure immediately after the event and compare it
with premorbid values.

Patients and methods

We studied 178 consecutive patients with cerebral infarction or transient
ischaemic attack admitted to the neurology department of a community
hospital. In the emergency department a medical history was taken,
including drugs being taken, and a standard physical and neurological
emtion was performed. Blood pressure was measured with a sphygmo-
manometer, and an electrocardiogram was recorded. Blood was collected for
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measuring, among other things, potassium concentration and haematocrit.
In the neurology department blood pressure was measured again, also with a
sphygmomanometer, and a computerised tomography scan was performed
to distinguish between infarction and haemorrhage.
When infarction or transient ischaemic attack was diagnosed by a

neurologist according to the World Health Organisation criteria,24 informa-
tion on the patient's medical history was collected. The patient's general
practitioner was asked by telephone for premorbid blood pressure values; he
was also asked about any change in the patient's treatment during the three
weeks before the event and about the medical history, especially hyper-
tension, diabetes mellitus, and vascular disease. If no blood pressure data
were available for the past year the patient was excluded from the study.

Eventually a series of 100 patients remained, in whom the percentage
change in mean arterial pressure after the stroke (AMAP) was determined
from the following equation:

MAPA MAPS
AMAP MAPB 100%MAPB

where MAPA= mean arterial pressure after the stroke (mean of the two
measurements taken in the emergency and neurology departments) and
MAPB=last arterial pressure measured by the general practitioner before
the stroke. In both cases mean arterial pressure was defined as the diastolic
pressure plus one third of the difference between the systolic and diastolic
pressures.

Results

In 100 patients blood pressure had been measured within one year before
admission (mean: five months; range: two days to one year). Table I shows
the clinical and laboratory data on these patients. Of the 47 patients known
by their doctors to suffer from hypertension according to the criteria of the
WHO,n 38 (81%) were receiving treatment. Two of the 23 patients with
diabetes mellitus were dependent on insulin. Of all the 100 patients, 21 had a
haematocrit value greater than 0-46 (range 0A46-0-56).

TABLE I-Clinical and laboratory data on patients included in study

M:F 40:60
Age (years)
Mean (SD) 74-1(8-5)
Range 51-91

Medical history (No of patients):
Hypertension 47
Diabetes mellitus 23
Myocardial infarction 8
Angina pectoris 7
Carotid artery pathology 5
Previous stroke 5
Hyperlipidaemia 4

Heart rhythm (No of patients):
Sinus 75
Atrial fibrillation 24
2:1 block 1

Blood chemistry:
Mean (SD) potassium concentration (mmol/l) 4-0 (0-4)
Haematocrit value 0-43 (0-05)

Table II lists the diagnoses and localisations of infarction and transient
ischaemic attack. Cerebral infarction was diagnosed in 88 patients and
transient ischaemic attack in 12. In 16 patients the treatment had been
changed during the previous three weeks (table III): 12 had started
treatment with new drugs (frusemide as well as triamterene in one), two had
had their dosages increased, and three had stopped taking drugs (one patient
had stopped taking acenocoumarol and had started taking frusemide).

TABLE ii-Diagnosis and localisation ofstroke in 100 patients included in study

Cerebral infarction Transient ischaemic
Artery affected (n=88) attack (n= 12)

Left middle cerebral 38 5
Right middle cerebral 37 6
Left and right middle cerebral 2
Basilar 6 1
Posterior 3
Anterior 2

TABLE III-Changes in treatment during three weeks preceding stroke in 100 patients
included in study

Dose
Drug Started increased Stopped

Frusemide 5 1 1
Acetosal and dipyridamol 3 1
Acenocoumarol 1 1*
Triamterene 1*

Isosorbide dinitrate 1
Haloperidol 1
Penicillin 1
Reserpine-dihydralazine-hydrochlorothiazide 1

*These patients also started taking frusemide.

The figure shows the changes in mean arterial pressure after infarction and
transient ischaemic attack. Mean arterial pressure increased in 71 patients
and decreased in 29. The marked bars in the figure indicate the patients who
started or increased their dosage of anti-hypertensive or diuretic treatment
during the previous three weeks; table IV shows the data on these seven
patients. For illustration one case history (case 6) is presented.

50

40

130
.20

-0

-20

Percentage change in mean arterial pressure (AMAP) in 100 patients admitted
with stroke. Black bars represent five patients whose treatment was changed
because of oedema (E) and hypertension (H); dotted bars represent two patients
whose treatment was changed because of heart failure (F).

Case history-A 72 year old woman had no history of pre-existing
hypertension, congestive heart failure, or diabetes mellitus and was not
receiving any treatment but sometimes complained of dizziness. The
general practitioner had been called to her home because she was confused
and had lost vision in her right eye and loss of strength in one hand. On his
arrival the neurological signs had disappeared but because of her blood
pressure of 190/115 mm Hg frusemide (40 mg daily) was started. After two
days she complained ofa constant dizziness and was dysphasic; on admission
she had right sided hemianopsia and paralysis of the right arm and leg.
Pulsations of the carotid arteries were normal without bruits, an electro-
cardiogram showed a sinus rhythm, and haematocrit was 0-48. A cerebral
computed tomography scan showed infarction in the left occipital area. On
admission her blood pressure was 160/90 mm Hg; the decrease in mean
arterial pressure was 19%.

Discussion

Cerebral ischaemia occurring as a side effect of treatment for
hypertension has been reported previously.155-3 In our study seven of
100 patients had important changes in antihypertensive or diuretic
treatment during the three weeks before their stroke. We believe
that these changes caused a decrease in blood pressure and an
increase in the haematocrit value that contributed to the stroke in
four patients. We realise that the blood pressures used in this study
are based on few measurements and that the blood pressures before
the stroke, all recorded by the general practitioner, had led to the
decision to start treatment for hypertension or to increase the dose.
Side effects of such treatment are better studied prospectively, but
we consider it unethical to start incorrect treatment to determine
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TABLE Iv-Medical history and clinical datafrom seven patients who started or increased antihypertensive or diuretic treatment three weeks before stroke

New drug Blood pressure (mm Hg) Heart
or dose rate

Case Age (yrs) increase Before After AMAP (beats/min)
No sex Treatment (period) Indication treatment stroke* (%) and rhythm Haematocrit Diagosis

1 81/ Digoxin and insulin Frusemide Congestive heart 150/80 155/100 + 15 104 0-41 Infarction, left
M (80 mg) (10 days) failure Sinus middle cerebral

artery
2 75/ (Acenocoumarol stopped Frusemide Congestive heart 210/110 220/115 + 5 112 0-38 Infarction, right

M one week ago) 40 mg (1 day) failure Sinus middle cerebral
artery

3 69/ Sulphonylurea, salbutamol, Frusemide Oedema 120/90 130/70 -10 150 0-33 Infarction, left
M and frusemide 40 mg once daily Atrial middle cerebral

(40 mg twice weekly) (10 days) fibrillation artery
4 79/ Reserpine-dihydralazine- Twice daily Hypertension 220/130 193/115 -12 88 0-48 Infarction, left

F hydrochlorothiazide (6 days) Sinus middle cerebral
(once daily) artery

5 67/ Metoprolol and digoxin Frusemide 40mg Hypertension 170/115 150/90 -18 76 0-51 Infarction, right
F on alternate Atrial middle cerebral

days (17 days) fibrillation artery
6 72/ Frusemide 40 mg Hypertension 190/115 160/90 -19 68 0-48 Infarction,

F (2 days) Sinus posterior
cerebral artery

7 72/ Methyldopa and Frusemide 40 mg and Hypertension 160/110 140/78 -22 92 0-52 Infarction, left
M glibenclamide triamterene once Sinus middle cerebral

daily (7 days) artery

*Mean oftwo values.

severe side effects. We therefore felt obliged to confine ourselves to
this retrospective study, despite its shortcomings.
The relation between change in treatment and stroke is difficult to

prove in this study because risk factors for stroke were present in all
the patients: five had hypertension, two had atrial fibrillation, one
had had a transient ischaemic attack two days before complete
stroke, two had diabetes mellitus, and one (case 2) had stopped
taking acenocoumarol one week before the event. Nevertheless, we
believe that in cases 4, 5, 6, and 7 the change in treatment at least
contributed to the pathogenesis ofthe stroke. In cases 1, 2, and 3 the
relation between treatment and stroke is less likely because of the
lack of signs of haemoconcentration, the increase in blood pressure
(cases 1 and 2), the cessation of treatment with acenocoumarol in
case 2, and the uncontrolled atrial fibrillation in case 3.

In our opinion the elderly are especially at risk of cerebral
ischaemia from reduced blood pressure for several reasons. Firstly,
the baroreflex is less sensitive in old people and a quick decrease in
blood pressure cannot be compensated immediately as in the
young.26 Secondly, cerebral autoregulation may be impaired in the
elderly.27 The brain is protected from fluctuations in blood pressure
by autoregulation. When blood pressure decreases the cerebral
vessels dilate; when blood pressure increases they constrict,
resulting in a constant cerebral blood flow at mean arterial pressures
ranging from 60 to 150 mm Hg in normal subjects. The brain
of patients with chronic hypertension is more vulnerable to
hypotension because the cerebral autoregulatory curve shifts to the
right; in these patients a reduction ofcerebral blood flow occurs at a
higher mean arterial pressure than in normotensive subjects.? A
reduction in mean arterial pressure ofabout 25% is required to reach
the lower limit of cerebral blood flow autoregulation; a further
reduction to about 55% is needed to cause symptoms of brain
hypoperfusion in both hypertensive patients and normotensive
subjects aged under 66?2 In 1956 an inverse correlation was shown
between cerebral blood flow and age, with a pressure reduction of
about 25% in the elderly compared with the young.' This
finding was later confirmed by other authors using more modern
methods.3132 Thirdly, cerebral blood flow has a lower pressure
with a high haematocrit value (over 0-46),33 though regulatory
mechanisms can maintain normal cerebral oxygen transport despite
increased viscosity of plasma and whole blood.34

Atherosclerosis might be considered important in decreasing the
flexibility ofarteries in the brain, patients with the most pronounced
arteriosclerosis being most at risk of stroke in the event of a
hypotensive episode. Several studies, however, do not support this

concept.3336 Torvik and Skullerud studied 115 cases of cardiac
arrest and found no correlation between the degree ofarteriosclerosis
and the risk of brain infarcts as a complication of the hypotensive
episode.'s There is a relation between the morphological substrate
and the outcome of a period of hypotension, as shown by the
neuropathological observations of 11 patients by Adams et al37; the
necrosis of grey and white matter at the boundary zones (water-
sheds) seemed to be attributable to a precipitate reduction in
systemic blood pressure while diffuse alterations seemed to be the
result of a moderate but sustained systemic hypotension.

For these reasons and because the elderly are more likely to suffer
side effects38"" blood pressure should be reduced gradually and
treatment started with a small dose of relatively safe antihyper-
tensive agent. Primary treatment for hypertension in the elderly is
generally with a thiazide diuretic.39 Inappropriate antihypertensive
treatment may cause stroke: powerful high ceiling diuretics such as
frusemide may induce hypovolaemia and hypotension, resulting in
cerebral ischaemia. In the treatment ofhypertension these drugs are
best avoided.
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Determinants and importance of stress hyperglycaemia in
non-diabetic patients with myocardial infarction
G A OSWALD, C C T SMITH, D J BETTERIDGE, J S YUDKIN

Abstract

Determinants of plasma glucose concentrations were studied
in patients on admission to hospital with confirmed acute
myocardial infarction but without previous glucose intolerance
as evidenced by raised concentrations of glycosylated haemo-
globin (HbA&,). Mortality in hospital increased significantly with
increasing plasma concentrations ofglucose in patients with both
normal (p<0O0001, n=311) and borderline (p<0-02, n=70)
concentrations of HbA1c. There was a weak relation between
plasma glucose concentrations and infarct size as estimated by
peak aspartate transaminase activity in both HbA,1 groups (rs=
0-26, n=101 and r,=041, n=35 respectively). A correlation was
found between adrenaline and plasma glucose concentrations
(r=047, n=27) and cortisol and plasma glucose concentrations
(r=0*75, n=19), but the relation of plasma noradrenaline and
plasma glucose suggested a threshold effect. Concentrations of
adrenaline, but not those ofnoradrenaline or cortisol, correlated
with infarct size as measured both by peak aspartate trans-
aminase activity and cumulative release of creatine kinase
MB isoenzyme. Multiple regression analysis showed that con-
centrations of cortisol, adrenaline, and noradrenaline (but not
the concentration of-HbAc, infarct size, or age) are the main
determinants of plasma glucose concentration measured in
non-diabetic patients when admitted to hospital after acute
myocardial infarction.
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Introduction

The reasons for excessive mortality in diabetic patients with acute
myocardial infarction remain undetermined. The potentially rever-
sible metabolic disequilibriums that accompany acute myocardial
infarction in diabetics may be responsible,' although this is a
difficult hypothesis to test.2 A relation has, however, been described
in patients with acute myocardial infarction between hyper-
glycaemia on admission and the development of cardiogenic shock
independent of the state of premorbid glucose tolerance.3 Thus
hyperglycaemia alone might possibly contribute to poor outcome in
patients both with and without known diabetes. We tested this
hypothesis in non-diabetic patients, in whom other factors peculiar
to diabetes mellitus which may contribute to outcome after acute
myocardial infarction, such as the existence of a specific diabetic
heart muscle disease4 or abnormal rheology,5 are not present. The
interrelations of hyperglycaemia on admission to hospital, infarct
size, hormonal response to stress, and outcome in a group of
patients with acute myocardial infarction, but without evidence of
premorbid undiagnosed diabetes, were investigated.

Methods
The study group consisted of397 patients, without known diabetes mellitus,
admitted consecutively to the Whittington Hospital with acute myocardial
infarction confirmed by the World Health Orgnisation's criteria.6 Figure 1
shows the design of the study and composition of the patient subgroups. In
all patients venous blood was taken immediately or shortly after their
admission for determining concentrations of HbA,,. Patients were classified
as previously described3 into clearly normal (group 1, HbAic<6 9%),
borderline (group 2, HbA,c 6-9-7-8%), or clearly abnormal (group 3,
HbA,c>7-8%) groups. Seventeen patients had concentrations of HbA,,
falling into group 3, which we have found to be indicative of undiagnosed
diabetes,3 " and were considered no further.

STU)DY 1: RELATION BETWEEN PLASMA GLUCOSE AND HBAIc CONCEN-
TRATIONS AND OUTCOME

Of the 380 patients without diabetes, samples for plasma glucose
measurement were taken from 236 on their admission to hospital before
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