
20 December 1969 Sickness Absence-Taylor BEDINm 707

for Social Medicine. Yugoslavia: Federal Institute for Statistics.
Netherlands: Institute of Preventive Medicine. United States:
Employment and Earnings and Monthly Report on the Labour
Force, U.S. Department of Labour. Poland : Ministry of Health.

REFERENCES

British Medical Association (1969). British Medical 7ournal Supplement,
3, 46, 66.

Denison, E. F., ad Pouller, J. P. (1967). Why Growth Rates Differ:
Post War Experience in Nine Western Countries. Don Mills, Burns
and McEachern.

Einzig, P. (1969). Decline and Fall ? Britain's Crisis in the Sixties.
London, Macmillan.

Enterline, P. E. (1964). Industrial Medicine and Surgery, 33, 738.
Enterline, P. E., and Stewart, W. H. (1960). Public Health Reports, 75,

1151.
International Social Security Association (1968). Volume and Cost of

Sickness Benefits in Kind and Cash 1959-1962. Geneva, I.S.S.A.
Morris, J. N. (1965). Proceedings of the Royal Society of Medicine,

58, 821.
Society of Occupational Medicine (1968). Proceedings of the Symposium

on Absence from Work Attributed to Sickness, edited by A. Ward
Gardner. London.

Vacek, M. (1965). Paper at U.N. World Population Conference, Bel-
grade, 1965.

World Health Organization (1968). Technical Report Series, No. 389,

Hypothalamic-pituitary-adrenal Function after Subarachnoid
Haemorrhage

J. S. JENKINS,* M.D., M.R.C.P.; MONAMY BUCKELLt PH.D., M.B., M.C.PATH.

A. BARHAM CARTER4 M.D., F.R.C.P.; SUSAN WESTLAKE,§ B.SC.

British Medical Journal, 1969, 4, 707-709

ummary : In 18 patients with a ruptured aneurysm of
the anterior communicatng artery on the cirde of

Willis hypothaamic-pituitary-adrenal function has been
assessed by the diurnal variation in plasma cortisol levels
and by the response to metyrapone, dexamethasone, and
pyrogen. Eleven patients had an abnormal diurnal varia-
tion, seven had an abnormal response to metyrapone, and
eight had an abnormal response to dexamethasone. All
who were given pyrogen reacted normally to this stress.
Two patients who died had lesions in the anterior hypo-
thlamus, and it is suggested that this localization of
lesions was responsible for the pattern of pituitary-adrenal
dysfunction which was observed. An improvement in
function was seen in many patients after an interval of a
month.

Introduction

The hypothalamus lies in close anatomical proximity to the
circle of Willis, and in such a situation it might be directly
influenced by the rupture of a cerebral aneurysm. Indeed,
Grompton (1963) found that 61% of patients dying shortly
after a ruptured berry aneurysm had ischaemic or haemorrhagic
lesions of the hypothalamus. It is now recognized that the
regulation of pituitary-adrenal function by the central nervous
system is mediated through the hypothalamus, and both the
feedback control of corticotrophin secretion and the response to
stress are dependent on this area of the brain (Reichlin, 1963).
It has also been shown that alterations in the normal diurnal
pattern of plasma cortisol levels commonly accompany hypo-
thalamic disorders (Krieger and Krieger, 1966). Symptomatic
hypopituitarism has been reported as a late complication of sub-
arachnoid haemorrbage on rare occasions (van 't Hoff et al.,
1961), but there is little information on the incidence in this
condition of hypothalamic-pituitary-adrenal dysfunction which
is not clinically apparent.

The study reported here explores some aspects of the hypo-
thalamic control of pituitary-adrenal secretion following recent
subarachnoid haemorrhage.

* Consultant Physcian, St. George's Hospital, London S.W.I.
t Consultant Pathlogist, the Maudsley Hospital, London S.E.5.
t Consultant Physician, Ashford Hospital, Middlesex.
S Research Assistant, St. George's Hospital, London S.W.l.

Patients and Methods

Eighteen patients were studied, all of whom had suffered
from a subarachnoid haemorrhage at intervals ranging from 6
to 27 days before the first test. Clinical details, including the
state of consciousness at the onset of the illness and during the
tests, are shown in Table I. All patients had an aneurysm of
the anterior communicating artery of the circle of Willis as
demonstrated by carotid angiography. Investigation of this
particular group was determined by the policy of treatment
under trial for cerebral aneurysms, according to which patients
with aneurysms of the anterior communicating artery were
allocated in a statistically random manner for surgery or pro-
longed bed rest. It was the latter group which was available for
study. Informed consent was obtained for the test procedures.
Tests began with determination of the diurnal variation in
plasma cortisol and always followed the order given below, the
whole schedule occupying eight days. The entire series of
tests was then repeated after an interval of about 28 days. Three
patients (Cases 2, 3, and 15) died from recurrent haemorrhage
before completion of the second series of tests. No drugs were
administered which would impair the responses to the test
procedures used.

Diurnal Rhythm of Plasma Cortisol.-Blood was taken at
10 a.m. and again at 10 p.m. for estimation of plasma 11-
hydroxycorticosteroids.
Metyrapone Test.-LJrine was collected for two control

periods of 24 hours and then metyrapone was administered four-
hourly for six doses. Urine was collected on the day of
metyrapone administration and on the following day in order
to determine the maximum change in the level of 17-oxogenic
steroids.
Pyrogen Test.-A bacterial pyrogen (Organon) was given

intravenously in a dosage of 0 005 ttg./kg. body weight and
blood was taken for the estimation of 1 1-hydroxycorticosteroids
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immediately before and three hours after the injection (Jenkins,
1968).
Dexamethasone Suppression Test.-Blood was taken at

10 a.m. for estimation of plasma 11-hydroxycorticosteroids and
again at 10 o'clock the next morning after the oral administra-
tion of 2 mg. of dexamethasone at midnight.

Analytical Methods.-Plasma 1 1-hydroxycorticosteroids
(hereafter referred to as plasma cortisol) were estimated fluori-
metrically by the method of Spencer-Peet et al. (1965). Urinary
17-oxogenic steroids were estimated by the method of Appleby
et al. (1955) with the modifications recommended by the
Medical Research Council (1963).

Results

Diurnal Variation of Plasma Cortisol.-The levels of plasma
cortisol at 10 a.m. and at 10 p.m. are shown in Table I. In
order to facilitate the interpretation of changes from the
normal pattern the values at night have also been expressed as a

percentage of those in the morning. Eleven out of 17 patients
studied (Cases 2, 3, 4, 5, 6, 9, 11, 14, 15, 16, and 18) had an
abnormal or even reversed diurnal variation at the start of the
investigation, and eight of these were fully alert at the time of
the test. Four weeks later 2 out of 13 (Cases 5 and 18) remained

abnormal, and in one (Case 13) there was a change from normal
to a reversed diurnal rhythm. This change was accompanied by
a worsening in the clinical condition.
Metyrapone Tests.-The change in the excretion of urinary

1 7-oxogenic steroids after the administration of metyrapone was

determined in 16 patients and on first testing was abnormal in
seven (Cases 1, 3, 4, 5, 6, 9, and 14) (Table II). Four weeks
later only 3 out of 15 (Cases 1, 6, and 14) remained abnormal.

Pyrogen Tests.-Initially four patients were given pyrogen

and all responded normally. Four weeks later five patients were

tested and normal responses were again obtained in every case
(Table II).
Dexamethasone Suppression Tests.-Table II shows the

plasma cortisol levels after the administration of dexamethasone
as a percentage of the control values. Eight patients out of 17
(Cases 1, 2, 7, 10, 11, 12, 13, and 18) failed on first testing to
suppress normally after the administration of dexamethasone,
while four weeks later 4 out of 14 tested (Cases 1, 10, 13, and
18) were still abnormal.

Histological Examination of Hypothalamus (Dr. M. R.
Crompton).-Two of the three patients who died were examined
post mortem. Both showed a ruptured aneurysm of the anterior
communicating artery of the circle of Willis. In Case 3 there
was a large area of haemorrhagic necrosis in the floor of the
right frontal horn, the inferior portion of which involved the

TABLE I.-Diurnal Variation of Plasma Cortisol after Rupture of Cerebral Berry Aneurysm

Plasma Cortisol (jug./100 ml.)

Coma Conscious State Day of Test 1 Test 2
Case IfNo. ASge E Sex ]at Onset During Tests Illnesamst Am p.m. p m. as p.m.a

a~m. p~m. % of a.m. a.m. P.M. %of a~m.

1 18 F No Alert 6 5-4 1-6 29-6 15-2 7-1 46-7
2 54 F Yes Disorientated* 6 44-5 34-1 76-6 - - -
3 51 M Yes Drowsy* .. 6 21-7 23-4 107-8 _ - -
4 24 F Yes Alert .. .. 7 305 23-5 77 0 8-3 3-7 44.5
5 42 M No Alert .. .. 8 30-8 22-0 71-4 10-4 8-1 77-8
6 63 M No Euphoric 8 19-7 22-7 115-2 13-4 3-1 23-2
7 59 M No Alert . . 8 14-3 4 9 34-2 9-5 4-2 44-2
8 60 M No Alert .. .. 8 13-4 4-4 32-8 6-3 0 5 7.9
9 57 F Yes Alert .. . 9 25-7 21-0 81-7 14-5 3-1 21-3
10 48 M No Alert 10 12-6 5-6 44-4 8-3 1-3 15-6
11 56 M No Alert 10 16-2 10-4 61-1 _
12 68 F No Alert .. .. 13 12-1 6-4 51-8 9-6 4-2 43-2
13 50 M Yes Akinetic mutism. . 15 34-7 164 472 22-9 35 0 152-8
14 57 M No Alert .. .. 15 17-3 119 687 107 3-4 32-2
15 59 F No Alert* . 17 7-5 5-1 68-0 - -

16 57 M Yes Alert 7. 1 15-7 18-7 119-1 - - -
17 47 M Yes Alert . .. 26 - - - 10.0 0-8 8.0
18 64 M No Alert . 27 8-1 8-2 100 0 270 15-2 55-2

Normal range 5-23-2 0-4-8-8 7-51
Normal mean 14-2 3-2 27
S.D . 4-1 2-1 12-4

* Died before second series of tests.
t Before Test 1.

TABLE II.-Adrenocortical Response to Metyrapone, Dexamethasone Suppression, and Pyrogen after Rupture of Cerebral Berry Aneurysm

Increase in Urinary 17-OH Increase in Plasma Cortisol
Steroids after Metyrapone Plasma Cortisol after Dexamethasone after Pyrogen

(mg./24 hours) (pg./100 ml.)
Case No. -______________________

Test 1 Test 2
Test 1 Test 2 Test 1 Test 2

l*g./100 ml. % Control "g.IlOO ml. % Control

1 +2-9 +2-0 9 1 137 12-3 92 +14.2 +9-6
2 - - 25-8 114-6 _- - 8-7
3 +3-7 - 2-4 8-6 - - -

4 -0-2 + 10-0 4-2 33 0 0-7 8-4 - -

5 +2-0 +13-6 4-0 21-2 0-9 8-6 + 9 4 20-9
6 -12-2 +5-3 2-8 14-9 _- -_
7 +10-9 +8-7 7-3 51-0 4-3 35-2 - -

8 +10-4 +43-1 0-6 7 1 0 0 - -

9 +8-0 + 13-7 4 0 20-0 1-0 6-8 - -

10 +11-1 +8-7 6-0 44-1 4-0 71-4 - +9-6
11 +30 0 + 17-9 35-4 146-2 2-0 27-3 - -

12 - +9-0 8-6 86-0 1-9 19-7 +25-0 _
13 +20 7 +9-3 14 1 50 0 20-5 89 5 - =
14 - 1-0 -1-5 5.1 34-2 4-1 31-8--
15 +25-0 - - _ _ _
16 +19-2 +20-5 3-9 31-2 2-7 38-0 _
17 +37-4 + 22-5 0 0 0 0 - -
18 +13-4 +8-5 18-1 57-8 27-0 100 + 8-6 + 9Q0

Normalrange. +8-5-55-0 0-58 0-38 +8-6A45-0
Normal mean.. 2-0 12-2 22-1
S.D. 1-6 10-5 10-7

BRSTs
MEDICAL JOURNAL
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anterior hypothalamus. In Case 15 there was a patch of
ischaemic necrosis in the paraventricultr region of the anterior
hypothalamus. These changes appeared to have occurred at
least two to three weeks before death. No lesions were seen in
the region of the median eminence or elsewhere in the hypo-
thalamus.

Discussion

The exact anatomical pathways concerned in maintaining the
normal diurnal rhythm of plasma cortisol levels are not com-
pletely established, but Krieger and Krieger (1966) reported that
in fully conscious patients with chronic diseases of the central
nervous system disturbances of the diurnal variation were pre-
sent only in patients whose lesions were limited to the hypo-
thalamus, pretectum, and temporal lobe. In acute illness due to
lesions outside these areas, even if morning cortisol levels are
raised, the diurnal rhythm is usually preserved except when
consciousness is impaired (Perkoff et al., 1959; Sholiton et al.,
1961).
In the present series of patients with subarachnoid haemor-

rhage who were tested up to 27 days after the onset of illness
there was a high incidence of abnormal diurnal variations, even
in those who were fully alert at the time of the test. These
findings suggest a disturbance of function of the hypothalamus
or its immediate connexions with the limbic system of the brain.
More definitive evidence of hypothalamic dysfunction was

obtained from the responses to metyrapone and dexamethasone.
Both of these agents test the integrity of the feedback control
of corticotrophin release, the site of which is widely believed
to be in the hypothalamus (Reichlin, 1963). Disturbances of
this control mechanism were found in seven patients with
abnormal metyrapone responses and in eight with a subnormal
depression of cortisol levels after dexamethasone. It was
notable, however, that in the 15 patients on whom it was pos-
sible to carry out all three tests there was no definite relation
between an abnormal diurnal variation in cortisol and an
abnormal response to metyrapone or dexamethasone. A lack of
correlation between the diurnal variation and the metyrapone
response was also reported by Krieger et alt (1968) in patients
with established lesions of the hypothalamus.
While disturbances of the diurnal variation and feedback

control are of interest, the reaction to stress may be of more
practical importance, especially if patients are to be subjected
to surgery. In the limited number of our patients who were
given intravenous pyrogen, normal responses to this stress were
obtained in every case in spite of the fact that all reacted sub-
normally to at least one of the other tests. Similarly, Krieger
et al. (1968), using insulin-induced hypoglycaemia as a stress,
found a normal response in all seven of their patients with
hypothalamic disease who had an abnormal diurnal, variation.
The discrepancy between responses to metyrapone and to stress
tests such as pyrogen or hypoglycaemia has previously been
emphasized by Jenkins and Else (1968), and it seems likely that
different sites in the hypothalamus are responsible for the
diurnal variation, the feedback control, and the reaction to

stress. The localization of these sites in man is not known
with any certainty, though Slusher (1964) has reported that in
the rat experimental lesions of the anterior hypothalamus affect-
ing the arcuate nuclei and periventricular zone abolished the
diurnal variation but not the response to stress.

In a large series of patients dying from subarachnoid haemor-
rhage previously studied by Crompton (1963), anterior hypo-
thalamic lesions were found in 22 out of 32 ruptured aneurysms
of the anterior communicating artery and in 19 out of 27
patients with aneurysms of the posterior communicating artery.
In our patients with anterior communicating artery aneurysms,
two were subjected to examination post mortem and were
found to have lesions in the hypothalamus which were confined
to the anterior part of the area and which appeared on histo-
logical grounds to have been present during the period of
testing. Both patients had an abnormal diurnal variation in
plasma cortisol and one reacted abnormally to metyrapone. It
seems likely that the disturbance in pituitary-adrenal function
which was found in many of the surviving patients was also
due to the presence of lesions in the anterior hypothalamus.
The second series of tests showed that an improvement in

function took place in many patients over a period of four
weeks, though six patients still reacted abnormally to one or
more of the tests. It is possible that the persistence of severe
hypothalamic lesions could account for those occasional cases
of frank hypopituitarism which have previously been reported
as following subarachnoid haemorrhage.

We are indebted to Mr. Wylie McKissock, Mr. L. S. Walsh, and
Mr. A. E. Richardson, of the department of neurosurgery, St.
George's Hospital, for the opportunity to study patients admitted
under their care, and to Dr. M. R. Crompton for the histological
studies. We wish to thank Dr. A. J. Salisbury, of Ashford Hospital,
for the collection of samples, and Organon Laboratories for the
supply of pyrogen. The investigation was carried out with the
assistance of a grant to J. S. J. from the Medical Research Council.
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